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terminals of the network shown in Fig. P12.1 as a

2.7 Determine the driving point impedance at the input

functionof 5. €%
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2.2 Determine the voltage transfer function V,(s)/V,(s) as a

function of s for the network shown in Fig. P12.2
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12.3 Determine the driving point impedance at the input
terminals of the network shown in Fig. P12.3 as a
function of s.
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12.4 Find the transfer impedance V,(s)/I¢(s) for the network
shown in Fig. P12.4.
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#4

12.5 Find the driving point impedance at the input terminals
of the circuit in Fig. P12.5 as a function of 5. ©%
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Draw the Bode plot for the network function
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12.7 Draw the Bode plot for the network function
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Draw the Bode plot for the network function
10(10jw + 1)
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Draw the Bode plot for the network function

* 10jo + 1
H(jo) = ————
Jw(0.0ljo + 1
SOLUTION:
o (quried)  jo (e tiee)

joo

e I
1
[l

e L

oo




Chapter Twelve: Variable-Frequency Network Performance

991

12.11 Sketch the magnitude characteristic of the Bode plot

for the transfer function
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12.12 Sketch the magnitude characteristic of the Bode plot

for the transfer function
20(0.1jw + 1)
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12.13 Sketch the magnitude characteristic of the Bode plot
for the transfer function
. 100(jw)
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for the transfer function
36 X 10°(5jo + 1)°
(jo)*(jo + 10)(jo + 100)°

2.15 Sketch the magnitude characteristic of the Bode plot
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12.16 Sketch the magnitude characteristic of the Bode plot

for the transfer function

400(jo + 2)(jo + 50)
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for the transfer function

2.17 Sketch the magnitude characteristic of the Bode plot
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Sketch the magnitude characteristic of the Bode plot
for the transfer function
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12.19 Sketch the magnitude characteristic of the Bode plot
for the transfer function
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12.20 Sketch the magnitude characteristic of the Bode plot
for the transfer function
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12.22 Sketch the magnitude characteristic of the Bode plot
for the transfer function
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- 12.23 Sketch the magnitude characteristic of the Bode plot
for the transfer function
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Sketch the magnitude characteristic of the Bode plot
for the transfer function |
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12.25 Sketch the magnitude characteristic of the Bode plot
for the transfer function
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6 Use MATLAB to generate the Bode plot for the
following transfer function over the frequency
range from @ = 0.01 to 1000 rad/s.

10(jw + 1)

(jo)(jo + 10)

Gljw) =

SOLUTION:




12.26

This sequence of commands works in both the commercial and student versions of

MATLAB.

» figure(l);

’

logspace (-2,3,200)

» W
» H

10* (J*w+l) ./ ((L0+3*w) . * (J*w)) ;

)

1
20*1ogl0

’

1

(2,

logx

» subplot

H

abs (
\omega) |

{

’

W

(

»> seml

)i

dB) ’

(

J

(

H

Bode Plot

yvlabel (
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» gubplot
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)

tude Resgponse’

i

Magn

(

» t1

2,1,2);

(

logx (w,unwrap (angle (H) ) *180/p

)i

i

»> seml

)

)

irc

\c

(

ylabel ('\angleH (j\omega)

I

(rad/sec) ')
Phase Response')

xlabel (' \omega

’

d
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> gri

7

Bode Plot

(
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12.27 Use MATLAB to generate the Bode plot for the
following transfer function over the frequency
range from w = 0.1 to 10,000 rad/s.

20(jo + 10)

(Jjw)(jo + 1)(jo + 100)

G(jw) =

SOLUTION:




12.27

This sequence of commands works in both the commercial and student versions of

MATLAB.

EDU» figure(l);

+
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'
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)
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)
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3

20%(
EDU» subplot (2
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1.1
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7

(dB) ")

vlabel (' |H(j\omega) |
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Bode Plot

1

i
EDU» subplot(2,1,2)
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7

’
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i
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7
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xlabel (' \omega

7
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12.28 The magnitude characteristic of a band-elimination
filter is shown in Fig. P12.28. Determine H(jw ).

'y
N o
i i ¥
, | s |
2 i { £ P
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Figure P12.28
SOLUTION:
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Hle) = K (e + 1ee) (fw +iose) OdB =)
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“—k\\ = K(\mo\((mmﬂ = | = = |
<< o to LD“F)

Qm ¥io0) (jw—i' £t333
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64..:: %ce}(j Ly lc‘(’)
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12.29 Find H(jw) if its magnitude characteristic is shown in
Fig. P12.29. PS8V

HI 4
+20 dB/dec "\—40 dB/dec
40 dB ’%&
. —20 dB/dec
:
I
! ffse
120 w (rad/s)
Figure P12.29
SOLUTION:
le /s t rls
?0\'9’5 ok tern S ak
Bo rlg (qu\o\e\} 2o vis

I (jw\ - IK Lj‘«}H\ (yo»&"r&;\
Gm ‘\-tuﬁ le,o&‘éso)z‘

Fv w21, IHl= dodB=loo= K ()(I10) o = 5 33x10?
lo ((80)* k

5.3?><lot"(3w w0 (o 120 )
(Juwre) (juase)®

I+ G W) T
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12.30 Find H(jw) if its magnitude characteristic is shown in
Fig. P12.30. €S

:%%*40 dB/dec
i %M“*;;EQ dB/dec
| I .
400 1000 o (rad/s)
Figure P12.30
SOLUTION:

briyn (u’*m) 56 s
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“4on Ys (d,t’)\.\\a\'e looce vis
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HL_XW)z jw (J’*A'*“ 4—«30)1
Ok (»)':O‘L(a{"/s) !‘*[:40463(00;IC(QCD)(‘I‘.M::()\ - k= |28
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f-( ~ 28 (5m+5b§(ju+lam§
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12.31 Find H(jw) if its amplitude characteristic is shown
in Fig. P12.31.

HI 4

“\~20 dB/dec
N
kN
. . - v
0dB '\, | —40 dB/dec
T 20 dB/dec
o AN
o |
b1l i ! -
1 812 60 400 o (rad/s)
Figure P12.31 |

SOLUTION:
g W= o= & vis
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jo ('jm ﬁ-a}(:)wv%o)
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12.32 Given the magnitude characteristic in Fig. P12.32,

find H(jo).
HIY dB/d
+20 ec
______ A LY
048 Esoaides 1\ ~40 dB/dec
ﬁ@@gﬁ ] : I i I %%%
| i i | ‘%%
I I i i | ‘%
| | i ] |
I i
I o
4 10 20 100 600 o (rad/s)
Figure P12.32

SOLUTION:

w =494 rls Ls =0 ¥/5
pa\eg al. A oo g ZFenys o N Ze ris
oo vIs [d&aub(e)

I () (jra+ao)
Gw\*‘@(i wilod(juwrboa)™

e =

K(N(2s)

5
= K= 7. 2ve
4 (109) (Loo)* {e

Ot w= L ris, IH|=-20dR = o0.1=
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12.33 Determine H(jw) if its magnitude characteristic is

shown in Fig. P12.33.

HI A —40 dB/decade

Figure P12.33

SOLUTION:
w=0 Yy (deohle
PQ\‘M &iz ) Bz e ok ?;5 r’[s\k

Wz S0 rls

_ K Qm»hﬁ)
Qu)l(jw r50)

e w= [rls | [HL= 4°a8B = loo = ()% (59) 2

e ——

oo o (jw‘r‘{\
(Y (wa-m\
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<= [ boe
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12.34 Find G(jw) for the magnitude characteristic shown in
Fig. P12.34. ©%5

Gl
20 dB | — - —20 dB/dec
(=01
b /N
i VAR
| |t —20dB/dec
IR
| '\ —40 dB/dec
i )
| Lol .
0.8 20 100 900 o (rad/s)
Figure P12.34
SOLUTION:

Lo s

Sirk?(»z_ PO\%? {L\J = 9o (‘/sl Teroy ol job Fis (4¢ufolﬂ>
Come\m CJKJQKQ/J( PO\-QS sk  w=Zor/s tadda Z‘-‘ o |

oy ~1»_(%>~2+23(a.\3/20 - (Gw)t+j‘\-w+4005 /400

K (§uw+ioo)”
Ju) (3:,.3 —t—"{ao} c(,:\u\)l'-f—\}"{'w ‘r“(»m@]

GLM =

0k w=o.¢ s, 1Gl= 254B=10= K(imOXZ/f(m.a\(aoa‘)(%o)}

K=25¢ p z8e (flot loo)”
() = :
73w juo (\‘)(.u'i"‘icm\ Bjm}z'ny“)t{zm ’r“«éoo]
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12

A series RLC circuit resonates at 1000 rad/s. If

C = 20 pF, and it is known that the impedance at
resonance is 2.4 (), compute the value of L, the Q of
the circuit, and the bandwidth.

SOLUTION:
Zjwy= Ry jwl + L
Jwe
ot resonanw N Wy = | = Lo 5 L= 5°MH\
\/L_c s

olso Z(5w,) = R =2.4n

= Wolo _ 1:;;00(‘50)“4:;33 !Qﬁ 0.8
R Zn

Bw= Lo Bw= 48 ¢[s
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12.36 A series resonant circuit has a Q of 120 and a resonant
frequency of 10,000 rad/s. Determine the half-power
frequencies and the bandwidth of the circuit.

SOLUTION: e = 1ok cls

Bw = Yo /g 1%&»—: $3.2 r’/s\

W = Wo F.Z_{?D*"Q('z%)? | }

Whe = W°2/wm = J"‘Jﬂxﬁ 10,04 kr/s?

wLB“: QQSS r/S‘l
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12.37 The series RLC circuit in Fig. P12.37 is driven by a

variable-frequency source. If the resonant frequency of
the network is selected as w, = 1600 rad/s, find the
value of C. In addition, compute the current at
resonance and at wy/4 and 4 w,. PSV

i(f) 10mH
» e

24 cos (ol + 30°) V

L
"
&
Figure P12.37
SOLUTION:
|
Wow lwoo = Too= =3 C= 3‘;’[;—\
Tre S
2.4_ ‘6;360
T ij) =
j(wL~ iac» + K
—
W /s Tiw)
J 1z [32° A

‘M4 o400 [1VE" A
4 0- 400 L:’E?LA(‘
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12.38 Given the series RLC circuit in Fig. P12.38, (a) derive
the expression for the half-power frequencies, the
resonant frequency, the bandwidth, and the quality
factor for the transfer characteristic I/V,, in R, L, C,
(b) Compute the quantities in part (a) if

=10Q,L =50mH, and C = 10 pF.

(1) R L
W R L

Figure P12.38

SOLUTION: 3. Let &= R+ jwlL + L_
jUJC

- o A = S
(e (‘e,,scma»»u“)k%- R Se mL+on = {wc_

a
Q is defind an wolo
K
E‘:- - \ A'i? M’F POWM )WL\ ___\'W__
Via Z(j) V2R T 12 Gl

so, Lo j(wl-1adl =T2R= R {1+ ] (P - g, (
Z= Ju JOU oo = )| e @ (= o) =

S
Wity = UO»[%H!(E}&L‘H ’J\




o [ 52 e T2

Buw = Wye ~W o = (’O"/{}Q 1 Buw-= ?‘/L.\

\2. e':-\OJL L*: 50 v o= lo  F
fr

iwo: tdvy /s \Q‘:‘ 7*07\ {_?SUS-: Zoo s 2

‘w,,w-; 1518 (ts{ lw""—: lSi"Lr"/al
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12.39 Given the network in Fig. P12.39, find w,, O, ®,.,
EHId {V(Jéi’i}afi . cs
10 2 mH
FAVAY P ® O
+
- A1 -
6 cos mf\/ o 10 ;_LF —— U{}(I)
¢ O
Figure P12.39

SOLUTION:

Womrke oy [wo= To7 kris

Yoo
Q= woble > [Q= jww)

Winsw = boo \| | - do = ‘{LAW\M*L 106 k”;’(
AL

Vomael= _QLNVs) INs\= ¢V
t"‘ A

w‘l‘
\ Wop | = Mﬂﬂ
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- A series RLC circuit is driven by a signal generator.
The resonant frequency of the network is known to be
1600 rad /s, and at that frequency the impedance seen

by the signal generator is 5 ). If C = 20 wF, find L.

0, and the bandwidth.

SOLUTION:
2= e (Wl - /e e o= lhoo rls |, Z£=5 = R
5)03 leoo ris = Wy = i = L. = | ‘ L_: \O\S"rw\‘\.\

ee 02 C

= oL~ ‘.-=_(;-
&%m’@ =t

Buw= we _ (Bwnzse s
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12.47 A variable-frequency voltage source drives the network
in Fig. P12.41. Determine the resonant frequency, O,
BW, and the average power dissipated by the network
at resonance. "

SRS
100 Q)
§ 50 mH
12cos wlV (i)
<5 pnF
Figure P12.41
SOLUTION: R T

We= b )wo*: z 14(»/5\ | )
Tee v (B) 3 2,
Ji
}= tul/k > (&= 1] Z.

Pw = We/® = \%wtz.[g,r/sj

OX  resonmonee . Z= B =loofL T= Vs \Z Lo bzl
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2 A parallel RLC resonant circuit with a resonant
frequency of 20,000 rad/s has an admittance at
resonance of 1 mS. If the capacitance of the network is
2 wF, find the values of R and L. PSV

SOLUTION: | _ . Lr/s Y (= 10728 = Yk = polkn

e ——"

Wy = _| = L= _4 -3 L= \-’ZS:MH'\

Tt l,*C
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%

2.43 A parallel RLC resonant circuit has a resistance of
200 ). If it is known that the bandwidth is 80 rad /s
and the lower half-power frequency is 800 rad /s, find
the values of the parameters L and C.

SOLUTION: €= 2op.r Bw= 8o s W e = SO° s
Buo = AL = o= (aZ.S = !
Ec . L
Wipe =W, + B = §80 /s W= wmw;“ §39 ri/s
Wy = 1 L= _| L= ZZ,“?V*\H}
= =
 Cc Lot
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12.44 In the network in Fig. P12.44, the inductor value is
10 mH, and the circuit is driven by a variable-frequency
source. If the magnitude of the current at resonance
is 12 A, oy = 1000 rad/s, and L = 10 mH,
find C, Q. and the bandwidth of the circuit. ©%

VT
Yavavs Iy
R C
. &
36 cos (wf +45°) V( T Lg;
<
1L

Figure P12.44

SOLUTION: 2= gy (wl— Livc)

ot W= W, | =@ ang |zl = 3L/ =12 =D p=73 .

Q= wol/p = | §=3.33

B S - - =
mu.ﬂ,\ﬁz =3 L.._wom«j:@ IC, (oo ('“—j

Puw= U"/Q = |BW = 300 vIs l
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12.45 A parallel RLC circuit, which is driven by a variable-
frequency 2-A current source, has the following values:
R =1k, L = 400 mH, and C = 10 pF. Find the
bandwidth of the network, the half-power frequencies,
and the voltage across the network at the half-power
frequencies. €%

"SOLUTION:
B = _L_ = l"%w:: \ooflgk ‘Oo-’-‘i——- = Soo r/g
BC Ve
§= Wo/Bw =35 Wpr = s *ZLQ+ (%T%\).Z,;,.{]:: 552 vls

' +
2L9°Ad!:> %,z %ZL “TL«Z(, N\/

= | \/=I = 2./0
Y crd b /Y /Y

Y (:luoprt) = +-j’ I mS ( \/(jLJH«;)‘ “”‘FZ;LQ \/I

\((jww\i l”é\ m S }\H;w\_o\= Yy (+\+S°ﬂ
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46 A parallel RLC circuit, which is driven by a variable-
frequency 2-A current source, has the following values:
R =1k, L = 100 mH, and C = 10 wF. Find the
bandwidth of the network, the half-power frequencies,
and the voltage across the network at the half-power
frequencies. €€

SOLUTION:
P = \/Q%YBW?lDO Y“/;_\ L =

Q".: wo/BLA) =l

Ui s bo oo aNe 5 |Wae = loS) s
hr 0[ *\}(%*) +1 l =D | Wer W
2P zp

Wip = Wl /oy W g= 151 HS{

= L6060 vis

T:—: ...L..;.Jg‘bk Ze. \/*—ﬁ :\j/\r I:m"ZLg"A,

fo \/’Z[_:fig" kv @ w,,
Y= \(—2:!4%3”& le \J @"‘Dho
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12.47 Consider the network in Fig. P12.47. If R = 1 kQ),
L = 20mH, C = 50 pF, and Ry = o0, determine the
resonant frequency w,, the Q of the network, and the
bandwidth of the network. What impact does an R of
10 k€2 have on the quantities determined?

O & G &
< P g
SRy SR fL =C
O & s &
Figure P12.47
SOLUTION: . _ | - / _ o
6 %= = | W, = Lboo IS ICey = Bs /R = 1kl
= = | 1 Py
e&‘*woﬁ%c;n S5e r-’)j@}rwms"b Buw= wofy = %M?ZOY/SX
T f = Lokl %m%qg‘

wy, s UA(J\AV\M. (NO“—' [ ot r’/S\

O chargpo @”’J?‘ﬂ
Bw W Y\%wﬁ 727 .0 ri;l
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12.48 The source in the network in Fig. P12.48 is
ig(1) = cos1000r + cos 1500t A. R = 200 €} and
C = 500 wF. If w, = 1000 rad/s. find L. Q, and the
BW. Compute the output voltage v,(r) and discuss
the magnitude of the output voltage at the two input

- frequencies.
@ e @ O
+

iso(1)  Rr: c = LI w0
L & - O

Figure P12.48

SOLUTION:
wwﬁ > e [ L= zmn S
Buw = ”é"’é = {&w? o rl;\ Q= “o/fzgs ® Q= loo

se 5%?0%:'%\(&_ Let Ty = 1/0° € (oo ris and

s, = A & lsoe s,
=4 A ‘(.(‘\4500 =l = 5 mS =
\( 1& :Z; % J ) K \r\

Vo = s /\ﬂ = H-‘—)-c/5><\c>*3 = zeo [2°V/
N (Gisve) =Yy = E4)4NT mS New= L0, 2z.4/-72.5°V
Ay )= 260 Coa loost vV Voo (N = 2-¢ corlistnt —29.32) v

——

Uo LV Ve, ¥Vor D | Volk) = 200 con lavot + 2.4 con (1570t —595.2°)V

N\&%m o da ob%a/(mm (2e0V yorsuy Z‘W\ S dens s YL at M
%QW!
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12.49 Determine the parameters of a parallel resonant circuit
that has the following properties: w, = 2 Mrad/s,
BW = 20 rad/s, and an impedance at resonance of
2000 Q. €8

- SOLUTION:

5(/\\?»”1___ Co= l = 25 F:\
Bc. = (B 7
\ 1
Wy = e s = b+ = |_= |lonH
3 RS
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2.50 Determine the value of C in the network shown in
Fig. P12.50 for the circuit to be in resonance.

|
/|
M
%g&
o
-

4 cos 2t V (j)

Figure P12.50
SOLUTION' LWw=2 ris %L“: J &..fb %C/-‘-‘ _g /_7;(, 5L
> T bt 2, = 2.+8 4 2= EU“%L::ijﬁfL
T ©
e - = 2 2. B+ L/(, +J (MLE,M Zz,/w(,)
27 TR 3 Z3,
- " E ] A {21 +_mz‘ +:} CML ~ "/[,JC,)

(3./’{‘ Venonane. | Z s real . So, pAw m\% a(;i U Pt et
and  devencr radr~ ace J;_W '

WLE - P2 /e Wl - e - 32-3 _ §- Yo

Ry + e Byt 24+ ¥ Lo

32C-3 el -l s, 3203 6C s G- z5C 41 =0
24 ¢+ zoC L+ s<C ’

C= B34S
4 ml=
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Determine the equation for the nonzero resonant

frequency of the impedance shown in Fig. P12.51.

I
O t I
C
£ >
Z— L <R
@, .
Figure P12.51
SOLUTION:
Z= jwl (2-3/94& ': Lo e jwlR . L ['/c_ -\~3m?-1
R jlwi - Ad) Brjlul-"wc) By (b=

Ot resomamee , [Z=o . o,
5 W (R = -]

R Wb~ Vg - s REC = L - L
v T g Gac.

|

o u”{' } Le- (kY™

R
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12.52 Determine the new parameters of the network shown in
Fig. P12.52if Z ., = 10*Z 4.

L;%H C:%F
O Ladns :( ) ¢ O
Z e
0 ‘ — é o
Figure P12.52

SOLUTION:

SCQJ!Q 7%0(#7/ = k/M:: ‘an /2ald,:: lC)4

[pewr = K Rola Crews = Zokat

LW = km LbluL LW*:. & lmH

CRW = Cold 7 e CI’\M:' IZ-E}JF

!
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12.53 Determine the new parameters of the network in
Problem 12.52 if w,, = 10%w,,. ©%

SOLUTION:

Lelg = ©5H Coll = 6125 F Pold_= 200
LM KF = whm /wélmz IQ'4'

e = Lold Zke | Lyus = 5o ,H
Crunr= Cold /e C i = 125, F

EW: Lol A = 210
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12.54 Given the network in Fig. P12.54, sketch the
magnitude characteristic of the transfer function

| ‘V()‘
Gy(jw) = (/)
1
Identify the type of filter.
10 H
C [ . . Q
- -
L S .
vi(1) T<1mF S100Q  v,(1)
O - - O
Figure P12.54
SOLUTION: '
jlows s Let 2= oo (=3'%%) e
T - loo —jlece o rjes
Vr ~jdeee g Fleesu Ve
- T T -
}.}.9 = Z = 103 S ":,’ \DZ . ’ loo
Vs 2‘“*’)'1003 Lo®+ jlow (lo+jw) lozwioml'r*’) lobed mowa"-rjmm
Vo loo

Vs © ()" +jw (8)+ | 60

Complew conjugats gl © T=Ao 102257 5 03

low

-40 J\\

1 ¥
! (o jov W (/)

%!ﬁf D Ao P e K

[ &l (43)
©
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12.55 Given the network in Fig. P12.55, sketch the
magnitude characteristic of the transfer function

‘7
i (}?)(jw> = \7 (]U*}>

Identify the type of filter.

i 1000 pF .
» O
e AN I C
vi(t) F10H <1000 v,(f)
o l : o
Figure P12.55
SOLUTION: 2= Jw(&o)JL Z, = |ovo /{J"“") 5L 2= ool

T v Lot 2= B2 /(gem)e 00 ) /(loagu)
Ve 2L Kj Vo

.w‘)"'“
V"/Ix:éf\r (Vjus: %/(Z'f“%g) = ()

CJ w>2‘ o (jw\) oo

CJ"*( \oy m3w§,¢)fp, qu,ea & T= Yo 2FT=0.] = §:0.5

"-.

o+ /‘\_____._ %Mff [ ’A‘Xk pcum/-‘

| 6ol (48)
P
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12.56 Determine what type of filter the network shown in
Fig. P12.56 represents by determining the volmﬂe

,,,,, SN

transfer mmtlon s

Ry
AV
O—-Q———Q L O
7 ¥
| I i
vi(t) 2Ry o)
5 l O
Figure P12.56
SOLUTION:
| Let 2= B (ful) /(R +jwL)
+ Vo _ N |
P2y, Vo Se (32 Y
Grljodz juttieets o (jebedde. @ [w all
ol BB el e uite) B LR
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12.57 Determine what type of filter the network shown in
Fig. P12.57 represents by determining the voltage

transfer function. PSV
R
A
e C [ § @ '®)
1/
\ ,
Q}i(f) i% R2 ?)O(f)
o : o)
Figure P12.57
SOLUTION: 1 '
b Zes 3_:(: Z= E]%L /U?a(r%& = K
juzlu-\
+ ‘ +
‘= Z BT Y% Gelwrle. P
e - Ve C,+ 2
€2 B (JuwB C+) Jwt Ve >
N - _ _aer e b
Gr(jw\ T+ & JWwWRELC +R ju o+ 1/{2 . P \//l?z.
jeRCr 3
TPough sleded _
7 G " 4,';-‘*«* s /L\;\Wm}

= (A
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& Given the lattice network shown in Fig. P12.58,
determine what type of filter this network represents
by determining the voltage transfer function.

+0O

V(1)

O]

SOLUTION: VNS
V= V'IZ 2& Vg £
& = pa
-+ g‘é "'"!"::.%a \Z 1'2\
\!Z"* \}3_ 2;_ - V-_{; (.ju ZLC>
it | 23 o e jw B2 C + |

jwC | |- jecis
Vg = V-V, =V [”L’“‘ - — r\/%"[w]
’ Lo Lz jweg Ot 1 e | Hqw Cla
| -] C
Gy = V?’/V;; = [WJ MLK
LG w cly
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12.59 Given the network in Fig. P12.59, and employing
the voltage follower analyzed in Chapter 4, determine the
voltage transfer function and its magnitude characteristic.
What type of filter does the network represent?

10
C ; f%&?ﬁ G- 1 ,(:2
+ ; R AAA ¢ O
=4 !
vg(1) 1F == 1TFA= V(1)
6 l & 5
- Figure P12.59
SOLUTION: ,
Lo v LA /jw =
. ) L ! N v Vo 1+ {) w J o+l
- “+ i
Ve "T‘jb“; ' : — 5':.:"2. Ve Vo . i _ 1
- e 1 - v, Ve jor)




1040 Irwin, Basic Engineering Circuit Analysis, 8/E

12.60 Given the network in Fig. P12.60, find the transfer
function

C=/=
O . O
Figure P12.60

SOLUTION: | ¢ /= B+ j"z:b

Yﬁhké ({w) = I+ Pz _ 1+ iiié.@.?:_ﬁzhdw“zt““mﬂzétw

oo ’ 2| jwe k) vl jwee, | TAB
[ | ot — :

< l+‘2f’r> € Cpree) Foogh sk~
G‘\l\ %‘l jw,,. ._..\__—-- \er
iy #

‘W%WMWWW w%J/%ﬁm
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12.61 Repeat Problem 12.55 for the network shown in
Fig. P12.61.
o |
> N o
=i -
= R 1
VWV
Vell
s(1) '—+ y v, (1)
C
o 1 O
Figure P12.61
SOLUTION:

Let Zp= Bl we) /(Rietsnc) = B/ (oce, )

Vo o Gy (= 14 2 . 11 B/ JRCl + 1 +5 /e,

Vr. B, jct Ty [wee, +)
S —
Lo+
Ge g IR Roz R e foush skokh
Jc«yr fé:"”() ,P\C\r\

oo | N\
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12.62 Determine the voltage transfer function and its
magnitude characteristic for the network shown in
- Fig. P12.62 and identify the filter properties.

R,

JATAY

=

Ry C C,

O—"N

- ®
+
o) 0,1

Ol
-
O

Figure P12.62
SOLUTION: L et €= E + %‘wc‘ = J‘*—jfi_%j_l
J‘DC‘
Let &= Ra Cl/{j'u)cz‘\ - Fe
22+ Vjwe j GEatl
Vo — %2' ~ :){*)Cl 21

Cnr(j‘*’\)"'- —012 ;‘—;‘("

~ G’U’ (‘J"w}
G ey (o g gy 1y




. G| @a)

Glb""
= | q “2edAS/g .
20ds |
W
°° 7 S w75
Wis W e

4} (.\'u\‘ = qu 2, /Ct Cz £.82

(900, "2 * e

C%’L'ﬂ‘(' —F(eg ::

= |\
LS, =

U B#Cile
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12.63 An OTA with a transconductance of 1 mS is required.
A 5-V supply 1s available, and the sensitivity of g,, to
(a) What values of 1,5 and R do you recommend?
(b) If R; has a tolerance of +5%, what is the possible
range of g, in the final circuit?

SOLUTION:

%M 2 20 Tpege, = lm S

| Tnec= 5204

{’_E«;r:; loe k S

ska s Rg = toskg 0.982ZmS =9 = |53 ms
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12.64 A particular OTA has a maximum transconductance of
5 mS with a range of 6 decades.
(a) What is the minimum powble tmnswnductance"
(b) What is the range of I, 5-?

(c) Using a 5-V power supply and resistor to set I, -,
what 1s the range of values for the resistor and thc
power 1t consumes?

SOLUTION:

d/) Clﬂo—-"" = LDQ - Qi = Gmen . 5nS \ q\’hiw: $h S

Omin S : Lo
b\ Gm = ZOI/S(&C =5 [ZS’OPA'&IA@C< ZSOJ«‘AT}
c) 52 RIage =» R=_S 2okl sR= 2o G2
Tapc
Pﬁ__: "imi 4 | | 2gnW 2 P < },Z%m\/\k\
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12.65 The OTA and 5-V source described in Problem 12.64
are used to create a transconductance of 2.5 mS.

(a) What resistor value is required?
(b) If the input voltage to the amplifier is
v, (1) = 1.5cos(wt)V, what is the output current

function?
SOLUTION:
. Gma?a“ SMS ‘Gm: Zoj:m IA@(,: S/Ré‘
3') Qm*‘ .!’.9_9 = 2.59mS == ',Zc,‘“’ 4o e S
&
\Dy Lo LE) - Qm = 2.5 mS [%éf‘\):‘ 3‘75m(,w‘£’) m A
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12.66 A fluid level sensor, used to measure water level in a
reservoir, outputs a voltage directly proportional to
fluid level. Unfortunately, the sensitivity of the sensor
drifts about 10% over time. Some means for tuning the
sensitivity is required. Your engineei‘ing team produces
the simple OTA circuit in Fig. P12.66.

(a) Show that either V;; or R, can be used to vary the
sensitivity.
(b) List all pros and cons you can think of for these
two options. |

(c) What’s your recommendation?

Ve . ~L .
RTINS — e T

= 1
R; 2
l [

Figure P12.66

SOLUTION:

a) Vo = CDZL T = Gm Vg epgav Gm = 2o Tage Tage = VG' /Eq

. . ~ ) . \

5") 1)0 = Zo \Jq fu V S mser- Chahy.m;} Vq s Eq vl c,hmj& Va ()
Feq

b} TUAW\} MM\ \/51 rC'ZVUA‘»/'fA A W\.ﬂ&\\e) WL‘%’@@)L BaUrCe. . W are.
ry d’ pnre c‘,cstr&a tham a Lrred sovra.. Ouw He s side, Vg ank
Vo Ol . c\(mw\“\}, ﬁdﬁ*—d@(" d.,au\:p\,a; Vq ond d_ou‘ﬁ\-& ‘“'Uc,, rumf“} MM\
Ra ("EZ)AAArcS ﬁ‘iar an *it«e,;c\?«m\s{% ’Po’\”é»\_%\'mm, bod M &,-"uc
€.

r—&/“i‘lﬁ\m«, is -5\\

C) %M ?r‘fﬂ\-&r«'\azg o m&‘“ cmé‘d\sx,&/h}mk, (e co ranmegnd_ ”‘r\m{vg Wf’é—/{’\ ’EG'l
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12.67 A circuit is required that can double the frequency of a
sinusoidal voltage.
(@) If v,,(1) = 1sin(wt), show that the multiplier
- circuit in Fig. P12.67 can produce an output that
contains a sinusoid at frequency 2w.
(b) We want the magnitude of the double-frequency
sinusoid to be 1 V. Determine values for R; and R,

if the transconductance range is limited between
10 S and 10 mS.

Yin ©

Figure P12.67

SOLUTION:
3) U= G R lp= Gou Vin G = zoTase  Tage= U /Rg

S)  Vo=hZo gk :RZo siutlet) = "‘EQQEL[: - tea (2wt )] = Vo

%

b v b=y e = loms = 2o 107ul /g = 20 (3/Rg

Ce = 2o /o 2 TIZC,: ZL.ILJ

[Vl =) = ob o ‘ 2, = ZOMLX (&erm o Sih (zot) si@«JL
)

&
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12.68 The frequency doubler in Problem 12.67 uses a two-
quadrant multiplier.

(a) What effect does this have on the output signal?

(b) The circuit in Fig. P12.68 is one solution. Show
that v, has a double-frequency term.

(¢) How would you propose to eliminate the other

terms”! — |
N
1VO
A ~
l 1 k() I
Vino
Figure P12.68

SOLUTION:

d) T Pablem 12,67, the neaohive \’\@l'@’(«no&u& Uin O “ty” 4o
treske o j:ﬂr%c. <o. This (s wok ’PaSSt‘f:;(.(_“ Thee. MLHP\C{\/ LJHL&S

o‘wJ—vB when Vin () <o

b) Ny = ‘(gf loom>,_ Um(}_ﬁﬁg = 2= 7.
{0y toao

Tf as iv 12,67, Vinlt)= 1 Sem (b)) V|, U 0 lursgs 70 aud
So o Taec .

i

T

B

o PL= GmVinBLs Zo Tage Vinl = Zo Ux BL0in /g
zo (Be/p )2 sitwt) - 4 + & con (20t) ] ]

H

O U A Hz‘?&pw ;),‘u.v fo reject He de ¢ sin lwt) terms !
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12.69 In Fig. P12.69. V, is a dc voltage. The circuit is intended
to be a d¢ wattmeter where the output voltage value
equals the power consumed by R, in watts.

(@) The g,, — I;pc sensitivity is 20 S/A. Find R, such
that 7,/1, = 10%.
(b) Choose R suchthat 1 VatV, corresponds to 1 W
dissipated in R;.

Figure P12.69
SOLUTION:
) Nsgmee = loo WI}« = %m Vense = 20(8) g, = w,__‘fgi‘
Rq Ee
T pote fo o [Ros lowman)
5 ot
) Vom Uy gue B = V(o TIE = Ve (o= B (2o
, o lot

W= gw) (280 = [ R = Soos




1050 Irwin, Basic Engineering Circuit Analysis, 8/E

12.70 The automatic gain control circuit in Fig. P12.70 is
used to limit the transconductance, i,/v,,.
" (a) Find an expression for v, in terms of v, R¢, and K, .

(b} Express the asymptotic transconductance, i,/v,,; in
terms of R and R, at v, = 0 and as v,
approaches infinity. Given R; and R, values in the
circuit diagram, what are the values of the
asymptotic transconductance?

{(c) What are the consequences of your results in (b)?

(d) If v, must be no more than V.- for proper
operation, what is the minimum transconductance
for the functional circuit?

Vee
4v

10 kﬂj

Ra '\! Tasct

Figure P12.70

SOLUTION &) ’UO = LKDZ.,. ZL‘ = /‘J;\A?Y\'\z E‘L_ = ZGIA—&CZ UIKQL” Ze ‘:m?}fm FIZ‘L,
Lo gmy (4 =)= 20 Taser (43 = 2o (44, (4-1.)

(>t>) Vo = Z0Vin EL [ ~8~9 (‘F'-'U.:,g = (,‘foo‘v{"bfl; — oo Un Up ZL
£q [ [

Q‘«;’LM fb'o ( 1+ (QD’UN&.\ = L%U[L\ = ’Uo = é%“\u\-
‘. 4 t(,‘-‘.) -"Om.a

i

) élm: {"/‘in"” Yo (l/RL) TS

Vi Lt Leo Vi
~ i
tr Vin=>0 | Gu-=> D.u4S | ¢, - 9%

6 Vi => 0, Gpr Gy X




& Wee Vi b soell, G is Wl ok 0.4 S,

%“k 60 Vi | wLasess . é;m Aeeoreantss . E‘:U-ﬂ'v-'\“ua.u.va) L‘o
Dol el b R

c\\ G;MM'D QLY . IMmTRimee G = 61‘\?/,;3\
L4 Lbo (,4«')
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12.71 Design a low-pass filter using one resistor and one
capacitor that will produce a 4.24-volt output at 159 Hz
when 6 volts at 159 Hz is applied at the input.

SOLUTION:
‘—'——“‘"\/5\"—1_ \Igﬂ (a/_cﬂ‘o v —(—:\3,0, H’E- M:Zﬁ—p:\. \kr’/g
-+ .
\IS Zcu'“" +\lc>
-~ J - Vo: \;5 ‘%c_ - (o L.Q

Ror €  JWCR¥FI

WNols = = 424 2= 107" s

(S s s g e
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12.72 Design a low-pass filter with a cutoff frequency

between 15 and 16 kHz.

SOLUTION: N Z. | Vo
MAK Ts B Et2, i JL«B@C‘H i jw v Ve
4 - 1 *
Vs 2T Ve N L
} - CU‘\’"'@X = 2

CV’DI%YM\’\} gm (/30&{.0% ':Z‘W(.igﬂs'\)kﬂ/sf C= lognF
I/Jveuxz) = 1.023kL
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12.73 Design a high-pass filter with a half-power 'frequency
between 159 and 161 Hz.

SOLUTION: ]
t — = = " Loy =
ff‘ . Ve E'f"'a(” JL,) + fé&_ “ a:%f gc
GS R %)’b
- R(‘\DG'\’Q\/\’\»} sleck LJM,,% = lboWx
awd. Cr= j),,F

?Tda{/& . Re .25k
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12.74 Design a band-pass filter with a low cutoff frequency

- of approximately 4535 Hz and a high cutoff frequency

- of approximately 5535 Hz.

SOLUTION: ' v
Y Vo . _ R . e (D 3
> ’ ) N dw\, *”E*—ﬁ-*o Qu))z‘+jm LTZ/L-)+~LL2,
VI |4 o
. { - Se»«;f,_s PLC direct, Bus= %—-: 2 ( looc;\
Z
% wou_-_- \ L‘)&r_ W, = 2% \} -{ZHTE'?L@ = 3.5 \ér/g = .,.L.__..,.

A

Ckrb\‘h"ﬁ,\n’\& g,d-uﬁ‘ CmIOO\%Fz |
}fd&s L= 10 ok

And- K= (2.8
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12.75 An engineer has proposed the circuit shown in
Fig. P12.75 to filter out high-frequency noise.
Determine the values of the capacitor and resistor to
achieve a 3-dB voltage drop at 23.16 kHz.

O VA ' 4 O
* R -

V. C=x
O & O
Figure P12.75

SOLUTION: 2. - ‘Suc

Ve te  _ _\/ec

]

Up 2.+ jut e

3dB  down ok W= iE:: z:;r(Z's,ta,ms\)

[ an J\"\’é)rtl\a Sdedt C=

HF;, Yields @~ L. 97 k2
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12.76 For the low-pass active filter in Fig. P12.76, choose R,
and C such that H, = =7 and f, = 10 kHz.

Ry

W
v
It T
1 k()
A ™
| +
. -+ = -
Us (l‘) (“) , vo({)
! o
Figure P12.76

SOLUTION: | o4 2, = Fa /)‘wc, I A ¢ 2 = |l

2, + j:c, B )‘wcﬁaf\

BWLwY= Ve o - 2z o -Re (163) 2_.(\ 3( \ >

Z : 3¢ .
Us [ j g | lo jea -1
W= -1=— 10Ut _ - _ B 5
° (/:K\ ”}Z! = r:l
W= A o znd, - C=2.27nF

Cly
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12.77 For the high-pass active filter in Fig. P12.77, choose
C. Ry, and R, such that H, = 5and f, = 3 kHz.

C
I '
IC 1 }\ o
R T |
% s
10 kQ < \ T
wﬁ"\J e 1 %ﬁ@ "l}()(f)
R1§ R2
—e O
Figure P12.77
SOLUTION:
AV - R ‘ - .}(A \_’_gg_ — | 2—&/
[ (24_.31.'\.51' I v, 14
‘L‘z,,;<l+i£7_:> w ho~ 1+ %2 o8 woezele 1
\}S Ta; jw'("“"é"’{/ 2\ 2
\
L " C= §. 3\ nlF
‘Zﬂﬁcﬁ :%?\ - \

,%YL:»W.'\D»MJ R, = lokq | j,-m s = 4okl
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12.78 Given the second-order low-pass filter in Fig. P12.78,
design a filter that has H, = 100 and f, = 5 kHz. Set
Ri=R;=1kQ.andletR, = Ryand C, = C,. Use

- an op-amp model with R; = oo, R, = 0, and

A= (2)10°,
¢
I &
I\ I
v
v
AAA R
R, /AN
. Y
GZ)’US(T)
o
Figure P12.78

SOLUTION: Cc\ms’\‘r’.)«'wvis ‘3\‘ old

Wl GG = Vo= G, (ud

Vg \(\
Lt 2= % /juC e Ve
Pet 5. BRI Jua g
- e
(oY= — 5/12, =
G\ ) | J‘*"*'\/ZZC

- 22’/}2 v = loo Befp =
G ij\ - G}\ ,G\'L - C/ch)l H’o ( i) i = /21 10

. - e S =
T i R
2

c)

C= 303nF, yretds o= 10 kT and G = 10kn

¥ Fov each oy , Ry = 10 hide s << A Lo op amp (2x00€),
Iholuobz-,? A&Jmf Hhae ow\al751'5 el L 0,}\7 4]4{&0% &7‘”‘%()4 a(/‘a/u(;}
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12.79 The second-order low-pass filter shown in Fig. P12.79
has the transfer function

Eairarey,
Vo - Ry \R:R,C,C,

I ; N
Vl ) 5 5 1 1 1 1
STt — =
C.I Rl Rz Rg .RzR_g(:}CQ

Design a filter with H, = —10 and f, = 5 kHz,
assuming that C; = ¢, = 10nF and R, = 1 k{}.

0o0)

il
i
O |

Figure P12.79
SOLUTION: _
Ho = “@;%_(W‘ v/mw-‘ = Bl -l 5 lrleo\«mj
B VERC G 2 R3Ci 0,

KZ a«ﬁ—]ﬁ&;fs f(,, /»a/@ ot z}z&rac,#ﬁsf?Q .¢,Wm
s“+B=tC =0 '&zi(_!“_*._i__ﬂf_'_.) o R S—
Cy

g, o Ee
Poots at

B -\l B> > B B ),_ -
g ) e o
where “py =Y We, ace W ?oiﬁg
W?l:’ ZTT’FC: We.

T = B baogh
b -P%- e = v (Bow) = Bec




B'Z-

T - Pog rw * - b’”/‘r -l =D Bu, - L= /%

USWS K ¢C valuey, and & = Soohtz  B= 1,;>(ws—+to$/91

Z
Lineh C= \O’ /QL 4 AJC'—T oo T

s @
(Ltuo +g__c§_,> loooTy -~ gcan ~ 1oFn*
@

=23
| %é & W 12 6.
LAXO T + 16 T _ 10 = loéT
BL 2.
o
Lo ‘111'*::. Io —/Ogﬂ" > 22':. (o S_(/O"T("\
2, T (1o -

wﬂ = Sop(2n) s

we, = 21 (z4.8) kv/s
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12.80 Given the circuit in Figure 12.57, design a second-
order bandpass filter with a center frequency gain of
—5, wy = 50 krad/s, and a BW = 10 krad /s. Let
C, =G, = Cand R, = 1k{. What is the O of this
filter? Sketch the Bode plot for the filter. Use 1}16 ideal
Op-amp modeL

SOLUTION:

V4

2.
wou (Lr Blex) o solkris
;2\\2L¢Z
&:;{S"Q: 2 = a—gl.. J— &(_A':- lo\“rls
RY E_LC,Z— ZC
\
W\" £—~{'C‘ ?M_:_‘ = By C . — ‘?‘Z- o — S = L(O
6 oo Tz
KZ_C e O
lz.an kBKL .EZIT"- lbkﬂ.
C o= 4 lC,*»’r ZOT‘F\
B, (Bu)
fiv _ Ko \Ks& Hm_l
We €4 Bz €5\

Q"‘“ l&Jo/@;Lﬁ ‘935

)

W, (23#)s . “le’® ”“
ZP) s -
His) = Ty e s ot 572;*-2_,4;@48* 2.560"

4 . + (./5




(degreen)

H

2oy
Z4s b

AT -

(o]
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1 Referring to Example 12.38. design a notch filter for
the tape deck for use in Europe, where power utilities
generate at 50 Hz.

SOLUTION:
Frb% EK. 12.38) LQ% = l.__
ee
e neel o = 2wl Be) = leoT (s

\U{y’@(d‘.y\g L'—’-’ lom
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12FE

-1 Determine the resonant frequency of the circuit in

Fig. 12PFE-1, and find the voltage V, at resonance.
cs '

2 () 1 mH

’ ﬁ% 51%3 A PR &

+ O

/i

?OMF;

v, (1)

Figure 12PFE-1

SOLUTION:

We=_1 5 P:w lolk r"ls\
ﬁLC
Vo Ljw,) = 12 /[0 chm)]= ele | ) 3
Z

I Vo (jwo)= Go [=To" v (
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2 Given the series circuit in Fig. 12PFE-2, determine
the resonant frequency, and find the value of R so
that the BW of the network about the resonant
frequency is 200 rad/s. | |

R 20 mH

A o

vs(1)( 50 WF ==

Figure 12PFE-2

SOLUTION:

| oo \
@)’;—J/;___ looo ris
Tee °

B 7R = 2w ris = ggaq&z
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12FE-3 Given the low-pass filter circuit shown in

Fig. 12PFE-3, find the frequency in Hz at which the
output is down 3 dB from the dc, or very low
frequency, output. ©9

5kQ
ke AN ——tp O
+ +
Input T~ 1uF  Output
G & : O
Figure 12PFE-3
SOLUTION:
Vo _ Zc - I/‘wc. - 1/26,, C R '
Ve o _Ze . JiwC . = ()
Ve Lt R i{mc* e jw Ve e
at dc, Gy = | =odp

et 348 A 0= “éz =) w= Zoo ;/[5?
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12FE-4 Given the band-pass filter shown in Fig. 12PFE-4,
find the components L and R necessary to provide a

resonant frequency of 1000 rad/s and a BW of

100 rad/s.
10 pk L

i ) ‘
It ' O
+

vg(1) RS (1)
- O
Figure 12PFE-4
SOLUTION:
W = S = | doo = L= | . L= 0o a4
P e
Pwzs B/ = oo ris - tRﬁ,oﬂl
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> Given the low-pass filter shown in Fig. 12PFE-5, find
the half-power frequency and the gain of this circuit,
if the source frequency is 8 Hz. ©%

2kQ
AV ' O
-
o5y () TE10UF 0, (1)

Figure 12PFE-5

SOLUTION:

F=8he  wrien ris 2=l . zoka

h\'ﬁ:ﬁquSV‘\‘bwmﬁm ’:;.j..z;igfm.. =)

Gpljw)= 0707 [Z4S°
Vs 2.t E Zovt, — | Zowy

- Cfvwavq , é»b(ju\:: l/JwC _L_{E»“_QM

e Vine  Jw Mo

lwpw%ﬁégﬁszqég"@ )éﬁ‘ Y~OI‘{T’3




