Chapter 14, Solution 1.

H(w) = \ R __JoRC
®=V. TR+1/joC 1+ joRC
jo/o, 1
H(o) = ———'— h -
© = ola, WHETE @0 = ke

(0/600

T 1 g
H=‘H(0))‘=m (|)=ZH(O))=E—tan [(Doj

This is a highpass filter. The frequency response is the same as that for P.P.14.1
except that », =1/RC. Thus, the sketches of H and ¢ are shown below.

H A
1
0.7071
0 wo= 1/RC ©
(1) A
90° +
45° \
0 o= 1/RC ®



Chapter 14, Solution 2.

1 1
H = = = h =
)= R oL "1+ joLR ~ 1+jo/o,’ WHETE @0 =7
H= ‘ H((;))‘ = S ¢=/H(o) = -tan‘l(ﬁj
JI+ (/o)) 0,

The frequency response is identical to the response in Example 14.1 except that
®, = R/L. Hence the response is shown below.

v

v

OO
-45°

-90°

Chapter 14, Solution 3.

(a) The Thevenin impedance across the second capacitor where V| is taken is

Zy, =R+R|[1/sC=R+——°

1/sC Vv,

1

- V= ——
™ R+1/sC ' 1+sRC

1
Vin Ct) sC TV,




1/sC Vv,

1

° " Z. +1/sC ™ (1+sRC)(1+sCZ,,)

\% 1 1
H = — = =
®) V.,  (1+sCZ, )(1+SRC)  (1+SRC)(1+SRC +sRC/(1+sRC))

1
s2R2C?* +3sRC+1

H(s) =

(b)  RC=(40x10°)(2x10°)=80x10" = 0.08

There are no zeros and the poles are at
-0.383

RC

=-4.787

S, =

2617
27" Re

=-32.712

Chapter 14, Solution 4.

1 R
joC 1+ joRC

(@ R

R
\% l+joRC R
: R B i i
V. oL+ R+ joL(1+ joRC)
1+ joRC

R

H(w) =
(©) = P RLC+ R+ joL

R+ joL _JoC(R + joL)
R+ joL+1/joC 1+ joC(R + joL)

(b)  H(w)=

-®’LC+ joRC
1-®*LC + joRC

H(o) =




Chapter 14, Solution 5.

@  Ho) v, 1/joC
a = =
PV TR+ joL+1/joC
1
H(w)=— :
1+ joRC-o°LC
®) Rfm=
joC 1+ joRC
v, joL
Ho)=—>=

JoL(1+ joRC)

V.  joL+R/(I1+joRC) R+ joL(l+joRC)

joL — ©*RLC

H(w) =
(©) R+ joL — ®*RLC

Chapter 14, Solution 6.

(a) Using current division,

I R

)= = R joL+1/joC
H joRC i®(20)(0.25)

w)= =

1+ joRC—0’LC 1+ j(20)(0.25) — w*(10)(0.25)
jos

H(o) =

= jos- 250

(b) We apply nodal analysis to the circuit below.

v, b

1/joC

0.5V,

L

I §R

+ —

joL




A A\ A
=t~
* R joL+1/joC

But 1 OV, V, =21, (joL+1/joC)
= —> = +

" °  joL+1/joC b o (Jo I

I, 1 0.5

S

==t
V., R joL+1/joC

X

I 1 1

S

21, (joL+1/joC) ~ R 2(joL +1/joC)

1. 2(joL+1/joC)
— = +1
% R
| 1 joRC
H(w)=—"= : 3 =~ ! 2
I, 1+2(joL+1/joC)/R  joRC+2(1-n’LC)
H(o) 1o
W)=
0+ 2(1-o 0.25)
jo
H(w) =
©)= 3 o-050°

Chapter 14, Solution 7.

(a) 0.05=20log,, H
2.5x107 =log,, H
H=10>>" =1.005773

(b) -6.2=20log, H
-0.31=1og,,H
H=10"" = 0.4898

(c) 104.7 = 20log,, H
5.235=1log,, H
H=10"*" =1.718 x 10°



Chapter 14, Solution 8.

(a) H=0.05

H, =20log,,0.05=-26.02, d=0°
(b) H=125

H,; =20log, 125 = 41.94, d=10°

il0
H(l)=7—=4.472/63.43°
©  HO=5

H,, =20log,,4.472 = 13.01, ¢ = 63.43°

3 6
d H()=——+7—"-=39-]1.7=4.254/-23.55°
@ HO =y =39 ]

H,, = 20log,, 4.254 = 12.577, ¢ = - 23.55°

Chapter 14, Solution 9.

1

I+ jo)1+ jo/10)

H,, =-20log,,| 1+ joo|-20log, |1+ jo/10
¢ =-tan” (®) — tan (0/10)

H(w)

The magnitude and phase plots are shown below.

His 4
; >
0.1 100 ®
20 T 20leguo 1+ jo/10]
40 -+ 2010g10‘1+ ©
(I) A
0.1 1™ 10 100 ®
-45° + P ar 1
e S+ jo/10
-90° + S
T 1
ar -
-135° + £ 1+ jo
-180°




Chapter 14, Solution 10.

50 10

H(jo) =

jos+jo) 1jm[1+j°’j
5

Hgp 4
40 |

|

0.1
20 T

40 -

0.1 T 100100 ®
-45° + . 1

-90° \

-135° 1 jo

-180° T

Chapter 14, Solution 11.

_ 5(1+ jo/10)

HO) =501 jo/2)

H,, = 20log,, 5 +20log,,| 1+ jo/10|-20log,,| jo| - 201og, |1+ jo/2|

¢ =-90°+ tan™" /10— tan™' w/2



The magnitude and phase plots are shown below.

Hap 4

.. 40 -

20"

14

0.1
-20 A

40

900 -

45° 1

v

0.1
_450 -

-90°




Chapter 14, Solution 12.

0.11+ jo)

T(w)=

jo(l+ jo/10)’

20log0.1=-20

The plots are shown below.

Tl 4

\(db)

arg T4

90

\ 4

=90°

100

\ 4




Chapter 14, Solution 13.

I+jo  (110)(1+ jo)
(jo)*(10+jo)  (jo)*(1+jo/10)

G(w) =

G 4y = -20+20log,,| 1+ jo| - 40log .| joo| - 2010g,, | 1+ jeo/10]
¢ =-180°+ tan'o— tan™" /10

The magnitude and phase plots are shown below.

GdB A
40 +

o

—_—

>

—_

O —

S

v
e

20
40 T
d) A
900 T T
0.1 i 1. 100 ®
000 + T

-180°




Chapter 14, Solution 14.

50 I+ jo
H(o) =~ ) Y
>, 1+7Jm10 +(Jm)
90T 5 s

H, =20log,, 2+2010g10‘1+jc)‘—2010g10‘jc)‘

~20log,,| 1+ jo2/5+ (jo/5)" |

_ 90°+ tan" @ tan| 2125
¢ =-90°+tan” o~ tan >
1-0?/5

The magnitude and phase plots are shown below.

Has 4

40 +

26
20

6

0.1 "t 10100

-90°
-180° T ~——




Chapter 14, Solution 15.

400+ jo) 2(1+ jo)
2+ jo)10+jo)  (1+jo/2)1+ jo/10)

H(o)

H,, = 20log,, 2+20log,,| 1+ jo|—20log,,|1+ jo/2| - 201og,|1+ jo/10]
¢ =tan" @—tan” /2 —tan"' ®/10

The magnitude and phase plots are shown below.

HdB A
40 +

20 +

v

45° +

01| 1
45° + h

90° +

Chapter 14, Solution 16.

jo

G(w) = 2
100(1+jo»(1+—ﬁ§j



20logje
20 + g|J|
0.1 L~ 10 100
20 + o 10‘
|
/ 20 log(1/100)
-60 1
A
9004) :
| I CO ‘
: § 1
] \_ -
I+jo
-180%7 )

Chapter 14, Solution 17.

B (1/4) jo
(14 jo)(1+ jo/2)?

G(w)

G g = -20l0g,, 4+ 2010g,,| jo| - 2010g,,| 1+ joo| - 401og |1+ joo/2 |
¢ =-90°-tan'@—2tan™" @/2

The magnitude and phase plots are shown below.

G R
2 __

20 +°

40




b 4
90

0.1
_900 -

-180° 1
Chapter 14, Solution 18.

41+ jw/2)*

G = S0 i00+ jo/5) 1+ j0/10)

G g = 20l0g,, 4/50+40log, |1+ jo/2|-20l0g,| jo|
—20log |1+ jo/5|-201og,,| 1+ jo/10]|
where 20log,, 4/50 = -21.94

¢ =-90°+2tan" ®/2 - tan™ /5 — tan' w/10

The magnitude and phase plots are shown below.

G B A
20 ..

v

v

-90°




Chapter 14, Solution 19.

_ jo
1001+ jo/10 — »2/100)

H(w)

H,, = 20log,,| jo| - 201log,, 100 201og,, |1+ jo/10 - > /100 |

®/10
= 90°— tan | — 7 —
¢ n (1—&/100}

The magnitude and phase plots are shown below.

Hip 4
40 +
20 +
01| 1 16~ 100 o

d) A
. \
0.1 e 10N 100 ®
90° +

-180° + R




Chapter 14, Solution 20.

_ 10+ jo-o0?)
~ (14 jo)1+ jw/10)

N(w)

Ny =20-20log,,| 1+ joo|-20log,,| 1+ jo/10|+201og |1+ jo - »’

2)— tan” o—tan™ /10

o= tan'l(

-

The magnitude and phase plots are shown below.

NdB A
40 +

20

e — 1

290° +

Chapter 14, Solution 21.

jo(l+ jo)
100 (1+ jo/10)(1+ jo/10 — ? /100)

T(0) =

Ty, = 20l0g,,| joo|+201og,, |1+ jo| - 201og,, 100



—20log,,|1+ jo/10]|-201log,, |1+ jo/10 - ®*/100|

/10
¢ =90°+tan" @—tan™ /10— tan'l(l_w/wj

The magnitude and phase plots are shown below.

Tig 4
20 -

01| .
20 +7

180° -

90°

0.1
_900 -

-180° + RS

Chapter 14, Solution 22.

20=20log, k —> k=10

A zero of slope +20dB/dec at 0=2 —— 1+ jo/2

1

A pole of slope -20 dB/dec at ©=20 ——> m



1
A pole of slope -20 dB/dec at ®=100 ——> m

Hence,

Ho) 10(1+ j/2)

~ (1+ jo/20)(1 + jo/100)

102+ jw)
20+ jo)(100 + jo)

H(w)

Chapter 14, Solution 23.

A zero of slope +20 dB/dec at the origin —— jo

1
A pole of slope -20dB/dec at o=1 ——> I+ jo/l
A pole of sl 40 dB/dec at 10 !
ole of slope - ec at ® = —_
P P (1+ jo/10)?
Hence,
H(o) 1
W)=
(1+ jo)1+ jw/10)*
100 jo
H(w) =
©) = ¥ jo)10+ jo)’
Chapter 14, Solution 24.
The phase plot is decomposed as shown below.
d) A
90° T
450 & arg (1+ jo/10)
0.1 I 10, 100 1000 o
45T T arg(jo) ( : j
\ S " U je/100
-90°




~ K (1+jo/10)  k'(10)(10+ jo)
~jo(l+ jo/100)  jo(100+ jo)

G(w)

where k' is a constant since argk’=0.

k(10 + jo)

Hence, G(w) = where k = 10k’ is constant

jo (100 + jo)’
Chapter 14, Solution 25.

1 1
LC  /(40x107)(1x10°)

o, = =5krad/s

Z(o,) =R = 2kQ

NEON 4
Z(w,/4) =R+ ] TL_(DC
0

Z(w, /4 2000+'(5><103 40x10° 4 j
— . X —
(©/4) N (5x10*)(1x10°)

Z(w, /4) = 2000 + j(50 — 4000/5)

Z(o, /4) = 2 j0.75 kQ

BEOR 2
Z(®,/2) =R +] TL_(DC
0

Z(®. /2) = 2000 '[(5“03) 4010 2 j
(©/2) = 2000+ j| == (40 )~ 5x10°)1x10°)

Z(, /4) = 2000 + j(100 — 2000/5)

Z(o,/2) = 2- j0.3 kO

) 1
Z(20,)=R+] [Zc)OL - 2(,00Cj



1
Z(2w,) = 2000+ ] ((2)(5 x10%)(40x1073) — e 10_6J

Z(20,) =2+ j0.3 kQ

Z(40,)=R+] (4@0L— 4(00Cj
1
Z(4 =2000+ | (4)(5x10°)(40x107) - j
(4w,) +J(( )(5%107)(40x107) (4)(5x10%)(1x10°)
Z(40,) = 2+ j0.75 KQ
Chapter 14, Solution 26.

® P 1 = 22.51kHz

*22VLC 2745x107° x10x10°3

L 10x10
L 6 -3

©) Q:w” 1 L 10° 10x10 _14.142

R JICR 450 0.x10°
Chapter 14, Solution 27.

At resonance,

Z=R=10Q, ®, =

BB g 0%
_L an _B_

Hence,
[ - RQ B (10)(80)
T, 50

=16 H



1 1
C=—= — 25 \F
©L (50216 M

Therefore,
R=10Q, L=16H, C=25uF, B=0.625rad/s

Chapter 14, Solution 28.

Let R=10Q.

1 1

2 uF

Therefore, if R =10 Q2 then
L=05SH, C=2uF, Q=50

Chapter 14, Solution 29.

jo ljo

— 000 IS




z ( 1) O’ + jo
= —— |+
He ® 1+’

Since v(t) and i(t) are in phase,
)

1
IM(Z)=0=m-—+
m(Z) ® o 1+’

o'+’ -1=0

1+4/1+4
0} =————=0618

o= 0.7861rad/s

Chapter 14, Solution 30.

Select R =10Q2.

R __ 10
~©0,Q  (10)(20)

=0.05H=5mH

1 1
~ oL (100)(0.05)

0.2F

1
B=Rrc = 10x02)

=0.5rad/s

Therefore, if R =10 Q3 then
L=5mH, C=02F, B=0.5rad/s

Chapter 14, Solution 31.

X
X, =oL —— L=2L
()

R oR _2mx10x10°x5.6x10°

- — 3 = 8.796){106 rad/s
L XL 40x10




Chapter 14, Solution 32.

Since Q> 10,
B B
0)12(00—5, 0)220)0+E
®, 6x10°
B=—/—=———=50krad/s
Q 120

®, =6-0.025=5.975%x10° rad /s

®, =6+0.025=6.025x10° rad/s

Chapter 14, Solution 33.

Q= o,RC , 0= _ 8(; - =5684 pF
2nfoR - 27x5.6x10°x40x10°  —
3
o-_R , R AT o
®oL 2nfoQ  2mx5.6x100x80

Chapter 14, Solution 34.

1 1

(a) (00 = =
JLC  /8x103 x60x10~°

=1.443 krad/s

(b) B= ! = 3 ! 6:3.33rad/s
RC  5x10°x60x10~

(©)  Q=w,RC =1443x10°x5x10>x60x107® = 432.9



Chapter 14, Solution 35.

At resonance,

| | |
R 3 Y = 25x10° - 200
Q=oRC — C=2 80 10 uF
=0 = = =
0 oR  (200x10°)(40) —*"
: Lo : 2.5 uH
= —> = = = Z.
“0 = JLC ©C  (4x101)(10x10°) a
o, _200x10°
=—=———=25Kkrad/s
Q 80

B
O =Wy == 200-2.5=197.5krad/s

B
0, =0, +3 =200+2.5=202.5krad/s
Chapter 14, Solution 36.
1
0, = E =5000rad/s

1
Yo)=7 — Z0,)=R=2k0

I |o, 4 )
Y((,OO/4)=E+J —C——-(=0.5-j18.75kS

4 o,L

Z(o, /4) =

=1.4212+j53.3Q

0.0005—-j0.01875

| 0N 2 .
Y((,OO/Z):E+J —C——(=05-375kS

2 o,L




Z(w,/2) = = 8.85+j132.74 O

0.0005 - j0.0075

1
Y(20,) = E+j (2030L j= 0.5+ j7.5kS

- 2m,C

Z(20,) = 8.85— j132.74 Q

1
Y(4w0)=E+j(4co0L— j:0.5+j18.75 kS

1
40,C

Z(40,) = 1.4212 - j53.3 Q

Chapter 14, Solution 37.

: 1
: JoL(R +7) I(;+ JoLR || R + j(c)L—lc)
Z=joL/(R+——)= - _ ®
joC 1. 2 1 2
R+—+joL R +(oL-——)
joC oC

oLR 2 +L(mL—1j
oC ~0

Im(Z) = — >  o’R?*’C?+L0O)=1

R2 4 (oL — 1)
oC

Thus,
1

JLC+R2C?

w=

Chapter 14, Solution 38.

R - joL

+ioC = joC 4+ — 10
Jo = IO T R {2

Y—
R+ joL

At resonance, Im(Y)=0, i.e.



o,L

Co— 20
PF TR 2L

L
R? +0)§L2 :E

LR 1 ( 50 j
U VI T (40x107)(10x10°) \40x107

0, = 4841 rad/s
Chapter 14, Solution 39.

(a) B=0,-o0, =21, —f;)=21(90-86)x10°> = 8rkrad/s
®g = %(ml +0y) =2m(88)x10° =176m

B:L——>C1 !

RC ~BR  87x103x2x10°

=19.89nF

®) oy =— y L-— - 1 = 164.4H

JLC 0%C  (1761)%x19.89x107°

(c) 0, =176m =552.9krad /s

(d)  B=8m=25.13krad/s

() Q=—= =22

Chapter 14, Solution 40.

(a) L=5+10=15mH

1

]
= = = 1.8257 k rad/sec
JLC  {/15x1073x20x10~°

®o




(b)

Q = wRC =1.8257x10>x25x10°x20x107° = 912.8

] 1
RC  25x10320x107°

= 2rad

To increase B by 100% means that B’ = 4.

1 1
C'=—2= = 10 uF
RB"  25x10° x4
: ,  CCy .
Since C' = ——=—=10uF and C,; =20 pF, we then obtain C, = 20 pF.
Cl + C2

Therefore, to increase the bandwidth, we merely add another 20 pF in
series with the first one.

Chapter 14, Solution 41.

(a)

(b)

This is a series RLC circuit.
R=2+6=8Q, L=1H, C=04F

1 1
=——=——=1.5811rad/s

o,L 15811
R 8

=0.1976

Q=

B=

| =

=8rad/s

This is a parallel RLC circuit.

3)6) _

3 uF and 6 pF -
HEand o | 3+6

2 uF

C=2pF, R=2kQ, L=20mH



I I
T JLC T J2x107)20x107)

= Skrad/s

0= R 2x10° _ 20
o, L (5x10°)(20x107) —
B 1 : 250 krad/
= = = ra S
RC (2x10°)2x10°) —————
Chapter 14, Solution 42.
@  Z,=(0/joC)|| (R + joL)
R+ joL
joC R+ joL
Zin = = 2 -
. 1 1-@’LC+ joRC
R+joL+-—
joC

_ (R+joL)(1-0’LC— joRC)
" (1-0’LO)’ +0’RC?

At resonance, Im(Z, ) =0, i.e.
0=owL(l-w’LC)-wR*C
o’LC=L-R*C

\/ﬁJlR_
®“ =V Lc “Vc L

b)  Z, =joL||R+1/joC)

_joL(R+1/joC)  joL(1+joRC)
" R+ joL+1/joC  (1-®*LC)+ joRC

_ (-0’RLC+ joL)[(1 - ©*LC) - joRC]
" (1-0’LC)* + »’R*C?

At resonance, Im(Z, ) =0, i.e.
0=oL(l-o’LC)+wn’R*C*L



®? (LC-R2C?) =1

1

®0 = JLc-R:C?

©  Z, =R|(joL+1/joC)

R (joL +1/joC) R (1-»>LC)
"~ R+joL+1/joC  (1-®*LC)+ joRC
R (1- ®*LO)[(1 - ®*LC) - joRC]
n = (1- ©’LC)? + ©*R2C>

At resonance, Im(Z, )=0, i.e.
0=R(1-o’LC)oRC
1-0’LC=0

JLC
Chapter 14, Solution 43.

Consider the circuit below.

1/joC

[
AW

=
0000,

g

AW

7

@  Z, =R, [ joL) (R, +1/joC)

ETTeS
" R, +joL J(DC



(b)

joR L ( 1 j
R, +——

R, +joL joC

in 1 jR,0L
R, +

- + .
JjoC R, +joL

. JoR,L(1+ joR,C)
" (R, +joL)(1+ joR,C)—®’LCR,

_ -»’R,R,LC+ joR L
" R, -®’LCR, —®’LCR, + jo(L+R,R,C)

_ (-@’RR,LC+ joR )[R, —&’LCR, —&’LCR, — jo(L+R,R,0)]
e (R, —®’LCR, - »’LCR,)* +®*(L+R R,C)?

At resonance, Im(Z, ) =0, i.e.
0=w'R,R,LC(L+R,R,C)+oR L(R, —-©’LCR, - ©?LCR,)
0='R2R2LC? + R 2oL — 'R 2L2C
0=0*R2C? +1-’LC
® (LC-R2C?) =1

1

0, =F——
* JLc-RC?

1
W, = " 2 642

J(0.02)(9x10°) = (0.1)>(9x10°)
0, = 2.357 krad/s

At o=w, =2.357 krad/s,
joL = j(2.357x10%)(20x107) = j47.14

R, [l joL =14 _ 9996+ 0.0212
el =g =0 s

R, +———01+ 1 —0.1—j47.14
2T eC T (2357 x100)Ox100) T

Z,, (@) =R, [ joL)[| (R, +1/joC)



(0.9996 + j0.0212)(0.1— j47.14)
(0.9996 + j0.0212) + (0.1— j47.14)

Zin (('00) =

Zin((’oo): IQ

Chapter 14, Solution 44.

We find the input impedance of the circuit shown below.

=
z
N jo23) 7 ljo
= 1/joC
13 1 1
Z jo2 T 1 jeC” @
L L5+ )+ c_ '05+Cz—Ier
z 7T e T T e

v(t) and i(t) are in phase when Z is purely real, i.e.

0=-o.5+1+C2 — (C-D2=1 or C=1F
1 C?
Z27 10 g o B=e

V =ZI = (2)(10) = 20

v(t) =20sin(t) V, ie. V., =20V



Chapter 14, Solution 45.

@ 1 jo=—2 Lo e ]
a = —_— = =
I j jo 1+ljo 1+ jo

Transform the current source gives the circuit below.

MN
. 1 +
o 1 - !
1+jo +lo 1+ jo Vo
1

1+jo o)

Vo= : j® 'lj- i
1+ Jo Jo

1+jo 1+ jo

H v, jo
= = 30+ jo)
(b) H(1)=m
1
[0 = 5 =025

Chapter 14, Solution 46.

(a) This is an RLC series circuit.

N s oo ! 1

02l (2nx15x10%)2x10x107

Z=R, [=V/Z=12020=6A

L 3 -3
©) Q- ool _ 2nx15x107 x10x10 157 =47.12
R 20

=11.26nF



Chapter 14, Solution 47.

M@ Yoo R 1
PV TR+joL 1+ joL/R

H(0) =1 and H(o) = 0 showing that this circuit is a lowpass filter.

At the corner frequency, | H(w, )

|
=—,1.e.
V2

1 o L

C

S
Il
| =

1
——s —— 1= or
V2 (cosz R °
1+ —
R

nf

C

Hence,

N

C

e

R
L

1 10x10°
2t 2x1073

—n

1 R
¢ 2n L

=796 kHz

Chapter 14, Solution 48.

1
lec
H(w) =

1
joL+R || ——
jo ”ij

R/joC

H(o) =
()= R joL-o'RLC

H(0) =1 and H(x) = 0 showing that this circuit is a lowpass filter.




Chapter 14, Solution 49.

4
Atdc, H(0) = 5=
1 2
Hence, ‘ H(w) ‘ = EH(O) = E

2 4
V2 4410002
4410002 =8 —> o, =02

4 2
2420 1+jl0

HQ2) =

‘H(2)‘—f=0 199
In dB, 20log, | H(2)| = -14.023

argH(2) = -tan'10 = - 84.3°

Chapter 14, Solution 50.

H(w) = vV, joL
®) = =
V. R+_]0)L

H(0) =0 and H(x) =1 showing that this circuit is a highpass filter.

—

1
H(o,) =

2

R
— l=—
L

or 0, =



Chapter 14, Solution 51.

JoRC jo (from Eq. 14.52)
= rom . .
1+ joRC ~ jo+1/RC omEd

H'(w) =

This has a unity passband gain, i.e. H(0)=1.

1
— =0, =50
RC e

. j10w
H =10H’ =

(©) © =501 50
H(o) j10®
CO =

50+ jo

Chapter 14, Problem 52.

Design an RL lowpass filter that uses a 40-mH coil and has a cut-off frequency of
5 kHz.

Chapter 14, Solution 53.

w. =

C

=2nf

C

R
L

R =2xf,L=(2r)(10°)(40x107) = 25.13 kQ
Chapter 14, Solution 54.

o, = 2xnf, =201 x10°
o, =2xnf, =221 x10°

B=0, -, =21x10’

O,

0, = =21nx10°



L= =2.872 H
(21nx10*)%(80x101") —— _

R
B=f —> R=BL

R = (2 x10°)(2.872) = 18.045 kQ

Chapter 14, Solution 55.

mczznfczi ., R = 31 5 = 265.3kQ
RC 2nf.C  27x2x10°x300x10~
Chapter 14, Solution 56.
! ! 10 krad/
W = = = al S
° JLC  J(25x107)(0.4x10°°)
g R 19 4krad)
L~ 25x10° o edrs
o0,
S04 —
9.8
o, =0, —B/2=10-0.2=9.8 krad/s or f, == 1.56 kHz

10.2
®, =0, +B/2=10+0.2=10.2 krad/s or f, =2—=1.62 kHz
T

Therefore,
1.56 kHz < f <1.62 kHz




Chapter 14, Solution 57.

(a) From Eq 14.54,

R
H(s) = R B sRC B SL
= - =
R+SL+L 1+sRC +s’LC Sz+sg+i
sC L LC

R 1
Since B=— and o, = —,
L * JLC

H(s) sB
$)=—F—"—
s’ +sB+w}

(b) From Eq. 14.56,
SL_‘_L Sz _}_L
H(s) = sC _ LC
R+sL+i s2+s5+L
sC L LC

H) s’ + o,
S)=———5
s’ +sB+o;

Chapter 14, Solution 58.

(a) Consider the circuit below.

I R I, 1/sC
— A\ > I
g I\

\2 Cf) 1/5C 7= RSy,

1 1
1 1 sC sC
Z6s8)=R+—|||R+—=|=R+———F1—
sC sC 2
R+—
sC



(b)

7z R 1+sRC
=R+——m——

) sC(2+sRC)

14+ 3sRC+s*R*C?
sC(2+sRC)

Z2(s) =

_Isc oV,
' 2/sC+R Z(2+sRC)

_ RV, sC(2+sRC)
" 2+sRC 1+3sRC +s?R2(C?2

V. =1R

H(s) = vV, sRC
TV T 1+43sRC+s2R2C2

S

I 3

1
R*C?

2
Thus, o; =

3
=R—C=3rad/s

Similarly,
R(R+sL)

Z(s)=sL+R|[(R+sL)=sL+
(8)=SL+R[|(R+sL)=sL+— ——

R? +3sRL +s%L?
2R +sL

Z2(s)=

i R RV,
I= I, = I=
2R+sL’  Z(2R+sL)

. SLRV, 2R +sL
" 2R +sL R?+3sRL+s%L?




1(3R j
SRL 3\ °

\s
H =_0= =
&=y " RE43RL1sD 3R R’

R
Thus, o, =1 = lrad/s

SR 3rady
=—=3ra
L T 2rads

Chapter 14, Solution 59.

1 1

(a) 0, = = =0.5x10° rad/s
" JLC (0.1)(40x1072)
b) B R 2x10° 5% 10*
=== X
( L 0.1
oy _05x10°
Q=g = 2x10° -
As a high Q circuit,

B
O =0y~ 5 = 10* (50 —1) = 490 krad /s

B
0, =0+ = 10* (50+1) = 510 krad /s

(c) As seen in part (b), Q=250



Chapter 14, Solution 60.

Consider the circuit below.

—~ 1/sC

ORI
=

Z6) R||(L 1] R (sL +1/sC)
= +— =
> TS R +sL+1/sC
76— R (1+5s°LC)
()= TFsRC+5°LC
H_VO 7z R (1+5s°LC)
V., Z+R_, R, +sRR C+s’LCR, +R+s’LCR
7 —R +7-R R (1+5s°LC)
L= =+ = +
" ° °  14+sRC+s’LC
7 R, +sRR C+s’LCR, +R +s’LCR
o 1+sRC +5s’LC
s=jo
_ R, +joRR C-’LCR, +R-0’LCR
in 1-0’LC+ joRC

(R, +R-’LCR, ~@’LCR + joRR ,C)(1 - @’LC - joRC)
in (1- ®*LC)? + (oRC)?

Im(Z,, ) = 0 implies that

-oRC[R, +R-®’LCR, —®’LCR]+®RR ,C(1-»°LC) =0



R, +R-w’LCR, —®’LCR-R_ +®’LCR, =0
®’LCR =R

1 1

o, = = = 15.811 krad/s
" JLC J(1x107)(4x10°)

Ho R (1-®’LC)
" R, +joRR C+R-w’LCR, —»’LCR

R
H,.. =H(0)=
R,+R
1
R|—-LC
or  H__ =H(w)=lim o’ __R
e RER GRRC 1er+r,) R*R
®
At o, and ® H‘—LH
1 29 _\/5 mzx
R R (1-®>LC)

J2(R,+R) |R,+R-0’LC(R, +R)+joRR,C

1 (R, +R)(1-»’LC)

V2 J(@RR C)> +(R, +R —0’LC(R, +R))’

1 10(1- 0 - 4x107)

V2 J(96x10° )2 + (10— -4x10*)?

10(1-@*-4x107) 1

~J96x10° ) + (10— -4x10%)? V2

(10— -4x10*)(+/2) = /(96 x10° ©)> + (10— > - 4x 10%)? =0
(2)10 -2 -4x10%)% = (96x10°®)* + (10— - 4x10*)>
(96 x10°w)2 — (10— w? -4x10%)? =0

1.6x10"®* —8.092x107 w* +100=0



o' —5.058x10* +6.25x10"° =0

. {2.9109>< 10°
12,1471 %108

Hence,
o, =14.653 krad/s

®, =17.061 krad/s

B=w,-o, =17.061-14.653 = 2.408 krad/s

Chapter 14, Solution 61.

( _YjeC v _v
2) " T R+1/joC S
Since V, =V_,
1+joRC ' °°
H )_VO_;
(©)=5 =17 jerC
b V Ry V. =V
' R+1/joC 7 S
Since V, =V_,
joRC
———V. =V
1+ joRC ' ¢
V, joRC
H(CO): = .




Chapter 14, Solution 62.

This is a highpass filter.

H(o) JoRC 1
W)= =
1+ joRC ~ 1-j/oRC
H(o)=——— _ L orao000)
Y10, o P TRe ™"
H(o) - -
P TI5E f T 1= j1000/f
H(f = 200 Hz) = —— = Vo
@  HE=200H) ==
120 mV
IV, |=7——F=2353mV
1-35| ———
b)  H(F=2kHz)=——— — o
() =2k =705V
120 mV
IV, |=———=107.3mV
[1-j0.5]
H(f =10 kH L%
© (F=10kH2)=7767=
120 mV
IV, |=———=1194mV
[1-jo.1] ———
Chapter 14, Solution 63.
For an active highpass filter,
SCin

H(s) =—

(1)



But

10s
H(s) =— 2
®) 1+s/10 @
Comparing (1) and (2) leads to:
10
Cin=10 Em— RfZ—ZIO Q
Ci
0.1
CiR; =01 —— R —C—:IOOkQ

i

Chapter 14, Solution 64.

1 R,
Z; =R =
JoC

. 1+joR,C,

1 1+ joR,C,
' ' joC, joC.

1

Hence,

vV, -Z - joR,C,
H((D) —__0° _ f — f™i
V. Z, 1+ joR;C;)1+ joR,C,)

This is a bandpass filter. H() is similar to the product of the transfer function
of a lowpass filter and a highpass filter.

Chapter 14, Solution 65.

___ R __jeRC
" R+1/joC ' 1+joRC

R,

1

_= vV
R.+R; °

Since V, =V _,



R. joRC

1

R +R, ° Il+joRC

H( )_ VO _(I—F&j(ﬂj
=V U R )1+ jorC

1

R
It is evident that as ® — o, the gainis 1+ R_f and that the corner frequency is

i

1
RC’

Chapter 14, Solution 66.

(a) Proof

(b)  When R,R, =R,R;,

R, s

H(s) = :
OV =R IR, S+UR.C

(©) When R; -,

H(s) = -1/R,C
V= s+1/R,C
Chapter 14, Solution 67.
DC gain = o+ = 1 R, =4R
galn—Ri—4 ——> R, =4R;

Corner frequency = ®, = =271 (500) rad/s

Rfcf
If we select R; =20 kQ, then R, =80 kQ and

1
€= 200020 x10°)

=15.915nF

Therefore, if R, = 20 kQ, then R, = 80 kQ and C =15.915 nF




Chapter 14, Solution 68.

1

R
High frequency gain =5 = R_f —> R, =5k,

1

1
Corner frequency = o, = RC - 21 (200) rad/s

If we select R, =20 kQ, then R, =100 kQ and

1
€= (27)(200)(20 x 10%)

=39.8nF

Therefore, if R; = 20 kQ2, then R; = 100 kQ and C = 39.8 nF

Chapter 14, Solution 69.

This is a highpass filter with f, =2 kHz.
1
=2nf, = —
Pe = 2T RC
1
2nf,  4nx10°

C

RC =

10* Hz may be regarded as high frequency. Hence the high-frequency gain is

-R; -10
R~ 4 or R, =2.5R
1
Ifwelet R =10kQ, then R; =25kQ,and C=———-=7.96 nF.

40007 x10*




Chapter 14, Solution 70.

V. (8) _ Y,Y,

(@) Hs)= V.(s) - Y Y, +Y, (Y, +Y,+Y;)

1 1

where Y, = o= =G, Y, =7~ =G,, Y, =5C,, Y, =5C,.
1 2

GIGZ

H(s) =
)= G.G,+5C,(G, +G, +5C,)

GIGZ
(b)  HO=C' =1 HE)=0

showing that this circuit is a lowpass filter.

Chapter 14, Solution 71.

R=50Q, L=40mH, C=1pF

I<m I<m
L'=—"1L —> 1=—".(40x107)
Kf Kf
25K, =K, (1)
C 10°
C'= 1=
Kme Kme
10°K, = —— (2)
N

m

Substituting (1) into (2),
1

10°K, =
"25K,

K; =02x10"

K, =25K, = 5x10°




Chapter 14, Solution 72.

LC , LC
LC=— — K=

K: L'C

) _ (4x107)(20x10°)

=4x10*
f 1(2) g

|

Il

|
7,
7,
Il

|
=l o

,  (D(Q20x10°)

- ~25%10°
m T (2)4x107) 8

K, =5%x10"

Chapter 14, Solution 73.

R'=K_R = (12)(800x10%) = 9.6 MQ

Lo Smp 800 10y = 32 uF
= = X =
K, = 1000 "

C 300107

C’ = =
K_K, (800)(1000)

= 0.375 pF

Chapter 14, Solution 74.
R'1 =K ,R; =3x100 =300Q

R's =K,,R, =10x100 =1k

2
L':K—mL:IO—6(2):200uH
K¢ 10 E—
ks
C'= C =£=lnF

KnKs 105 =



Chapter 14, Solution 75.

R' =K,,R =20x10=200Q

K
L'=—"L= 1—05(4) =400 uH
K¢ 10 -
KnKe 10x10° ——
Chapter 14, Solution 76.
R' =K,R=50x10° ——>

K
L'=—D[=10pyH —>
K¢

C

C'=40pF =
P K

m->f

Chapter 14, Solution 77.

L and C are needed before scaling.

B — 5 L R
= = — =
L B

1
0, =—"F7—
¢ JLC

3
R = 50x130 _ 50
10
6
L=10x10%x2 —10mH
103

C = 40x10"2x10°x10% = 40 mF

1

€= ®L ~ (1600)(2)

=312.5 uF

(a) L'=K,_L=(600)2)=1200 H

C  3.125x10"
K, 600

m

C'=

= 0.5208 pF



b Lr_L_i_ 2 H
() k100 2mE
o C 312500
’=_=—= " n
K, 10°
K, (400)(2)
L'=—"1= = $mH
© K, o 2%

C  3.125x10*
K, K, (400)(10°%)

m

C'=

= 7.81pF

Chapter 14, Solution 78.

R'=K_R = (1000)(1) = 1 kQ

L'—&L—E(l)—o 1H
CK, 10t
C 1
C'= = =0.1uF
KK, (10)10% F
The new circuit is shown below.
1 kQ

MW\
+

ICT 1k 2 O.IH% 0LIWFAs 1k Sy,




Chapter 14, Solution 79.

(a) Insert a 1-V source at the input terminals.

R,
L R W 1/5C

! r
VWV N

—|— —
1V <+>
- 3V,

There is a supernode.
I-v, v,
R sL+1/sC

But  V,=V,+3V, ——> V,=V, -3V,

Al v sL v Vv, V,
- — [ — S
% Yo T L 11/sC 2 sL_ sL+1/sC
Combining (2) and (3)
sL+1/sC
V,=V, -3V, =—"V,
sL

v - s’LC v
° 1+4s’LC !

Substituting (3) and (4) into (1) gives
1-v, v,  sC

= =—>—V
R sL  1+4s’LC !

1=V + sRC V_1+4szLC+sRCV
U 1+482LC Y 1+4s%LC !
1+4s2LC

1~ 1+4s2LC+sRC

(1)

2)

)

(4)



(b)

1-V, sRC

I = =

° R R (1+4s*’LC+sRC)
z _L_1+SRC+4SZLC

L sC

1
Z =4sL+R+—
sC
When R=5,L=2, C=0.1,
10
Z (s)= 85+5+?

At resonance,

1
Im(Z, )=0=40L-—
m(Z,,)= 0= 4oL -—-

1 1
or 0, = = =1.118rad/s
° 2JLC 2y0.DQ) —4Mm ——
After scaling,
R — K, R
400 ——> 40Q
50 — 50Q
L'—&L—ﬁ(z)—ozH
K, 10007
C 0.1 .
C’ p—t p— p—l -
K K; (10)(100)
From (5),
10*
Z (s)=10.8s+50+ o
1 1
= =111.8rad/s

P70 20200

)



Chapter 14, Solution 80.

(a) R’=K_R =(200)(2)=4000Q

K L 200)(1
_KuL_ QO
K, 10

L!
C 0.5

C’ = =
K K, (200)(10%)

=0.25 uF

The new circuit is shown below.

20 mH

a e 0000
|

T 0.25 uF § 400 O T 0.5 I,

(b) Insert a 1-A source at the terminals a-b.

a Vi V,
. — 00—
1A <T> 1/(sC) ; R T 0.51,
b —
Atnode 1,
l=scV, Vs (1)
! sL
At node 2,
V,-V A\Y
——2+0.51 =—>
sL * R

But, I, =sCV,.



Vi=V: gscy 22 5
sL UV R 2)
Solving (1) and (2),
V= sL+R
' $2LC+0.5sCR +1

Z, =

&_ sL+R
1  s’LC+0.5sCR +1

At ®=10%,

(j10*)(20x 10?) + 400

7. =
™ 7 (10%)2(20x 107)(0.25x 10°) + 0.5(j10%)(0.25 x 10 )(400) + 1

400+ j200

_ — 600 j200
™= 0510.5 !

Z.,, = 632.5/-18.435° ohms

Chapter 14, Solution 81.

(a)
1 . .
—=G+joC+ : :(G+J@C)(3+JmL)+1
‘ R +joL R + joL
whichleadsto Z= 5 JoL+R
- LC+j0)(RC+LG)+GR+1

.o R

'c'ic
A= (1)

2, G) GR+1
—O7 Fjo —+ |+
L C LC

We compare this with the given impedance:

1000(j +1)
— 0% +2jo+1+2500

Z(w) = )



Comparing (1) and (2) shows that

éleOO —> C=1lmF, R/L=1l — R

RSy 5 G=C=1mS
L C

GR+1_107R+1
LC 107°R

> R=04=L

2501 =

Thus,
R=04Q,L=04H, C=1mF, G=1mS

(b) By frequency-scaling, K¢ =1000.

R’=04Q, G =1mS

-3
L':L:O;j:OAmH, C'=£=10—3=1HF
K¢ 10 K¢ 1070 —
Chapter 14, Solution 82.
C' = ¢
- Kme
r 200
Ki=—=—">=200

R'=K, R =5kQ, thus, R/, =2R, =10KkQ



Chapter 14, Solution 83.

-6
WF —— c=—1 =10 _gipF

KnKe  100x10° ——

SuF  ——> C'=0.5pF

10kQ ——> R'=K_,,R=100x10kQ =1MQ

20kQ ——> R'=2MQ

Chapter 14, Solution 84.

The schematic is shown below. A voltage marker is inserted to measure v,. In
the AC sweep box, we select Total Points = 50, Start Frequency = 1, and End
Frequency = 1000. After saving and simulation, we obtain the magnitude and
phase plots in the probe menu as shown below.

R1 C1
V1 —f
ACMAG=1V 4k ul R2
ACPHASE=0 1K

%o




o U(R2:1)

Frequency

Chapter 14, Solution 85.

Welet I =120° A sothat V, /I =V,. The schematic is shown below. The circuit
is simulated for 100 <f< 10 kHz.

Soon - N Lt

S N e D

ClAC

e~

Yy




o U(R2:2)

e

o UP{R2:2)

Chapter 14, Solution 86.

The schematic is shown below. A current marker is inserted to measure I. We set
Total Points = 101, start Frequency = 1, and End Frequency = 10 kHz in the
AC sweep box. After simulation, the magnitude and phase plots are obtained in
the Probe menu as shown below.



R1 R2 R3

—— A A, A
ACMAG=100 | Tk Tk 1k L1
ACPHASE=0 @ 1 e = 1mH

' 05u T =

G
J GAIN:D:J
~M
ABBIA  — === == oo m T
Qﬂmﬂ% ﬁ
sﬂlTlﬂ-i' ---------------- Fmmm s s s m e |mm e —mmmmm—mmm - e e ‘i
1.8Hz 18Hz 188Hz 188KHZ
o I{L1)

Frequency




P e

188+

ﬂ I T T T T Tt T T T T T T T T _|
1.8Hz 180z 186Hz 1.8KHz 18KHz 100KHz
o I{L1} « IP{L1)

Frequency

Chapter 14, Solution 87.

The schematic is shown below. I, the AC Sweep box, we set Total Points = 50,
Start Frequency = 1, and End Frequency = 100. After simulation, we obtain the
magnitude response as shown below. It is evident from the response that the
circuit represents a high-pass filter.

ACMAG=1V 11 1 R3
ACPHASE=0 1 R11=R?2

V1




o U(R3:1)

Frequency

Chapter 14, Solution 88.

The schematic is shown below. We insert a voltage marker to measure V,. In the
AC Sweep box, we set Total Points = 101, Start Frequency = 1, and End
Frequency = 100. After simulation, we obtain the magnitude and phase plots of
V, as shown below.

R1 L1 C1 /®
——AAN— YTV . ||
ACMAG=1V 1 2H L22
= V1 co |4 1H § R2
ACPHASE=0 @ — 1




30Hz 188Hz 300Hz 1.8KHz

"o U(R2:1) + UP(R2:1)

Frequency

Chapter 14, Solution 89.

The schematic is shown below. In the AC Sweep box, we type Total Points =
101, Start Frequency = 100, and End Frequency = 1 k. After simulation, the
magnitude plot of the response V, is obtained as shown below.



106Hz 200Hz 306Hz 480Hz  S868Hz 6BBHz s00Hz
o U(L1:1)

Frequency

Chapter 14, Solution 90.

The schematic is shown below. In the AC Sweep box, we set

Total Points = 1001, Start Frequency = 1, and End Frequency = 100k. After
simulation, we obtain the magnitude plot of the response as shown below. The
response shows that the circuit is a high-pass filter.



R1 &/®
Af Sy

100
VA 100 R2
ACMAG=1V 2mH<L1
ACPHASE=0 J
“

SBBITIUT ———————————————————————————————————————————————————————————————— =
au RS Tm—m—m———————- Tommmmmm—mm—m - Tmmmmmmmm e Ammmmmmm - Ammm s —;
1.8Hz 18Hz 188Hz 1.8KHz 18KHz 188KHz 1.8HHz

o U{R2:1)

Frequency

Chapter 14, Solution 91.

The schematic is shown below. In the AC Sweep box, we set

Total Points = 1001, Start Frequency = 1, and End Frequency = 100k. After
simulation, we obtain the magnitude plot of the response as shown below. The
response shows that the circuit is a high-pass filter.



R1 &/®
Af Sy

100
VA 100 R2
ACMAG=1V 2mH<L1
ACPHASE=0 J
“

SBBITIUT ———————————————————————————————————————————————————————————————— =
au RS Tm—m—m———————- Tommmmmm—mm—m - Tmmmmmmmm e Ammmmmmm - Ammm s —;
1.8Hz 18Hz 188Hz 1.8KHz 18KHz 188KHz 1.8HHz

o U{R2:1)

Frequency

Chapter 14, Solution 92.
The schematic is shown below. We type Total Points = 101, Start Frequency =

1, and End Frequency = 100 in the AC Sweep box. After simulating the circuit,
the magnitude plot of the frequency response is shown below.

- - W »
y L1 1 l
ac=1al) R3 =1, 1L

|ALC




48mU

ﬂU‘l‘ ____________ i I TTTTTT T T T T T T T T | I 4
1.
o U(R2:2)
Frequency
Chapter 14, Solution 93.
L
C—
R
1 1 R?
fo="\ViTe"77
2n VLC L
R 400 107 R 1 B 10'
L 240x10° 6’ LC (240x10°)(120x1072) 288
R 1

Since — << —
lnCGL<<LC



1 108
f = - — 938 kHz
*TondLC  24md2 —/——

R 1
If R is reduced to 40 Q, — << —.
L LC

The result remains the same.

Chapter 14, Solution 94.

1

O, =—
° RC
We make R and C as small as possible. To achieve this, we connect 1.8 kQ and 3.3 kQ
in parallel so that
R - 1.8x3.3

= =1.164kQ
1.8+3.3

We place the 10-pF and 30-pF capacitors in series so that
C =(10x30)/40 = 7.5 pF
Hence,
1 1

We =—— = 5 == 114.55x10% rad/s
RC  1.164x10°x7.5x10~

Chapter 14, Solution 95.

1

a f,=—F7—
@ * 2myLC
When C =360 pF,

1

f, = = 0.541 MHz
21/(240x10°)(360 x 10™?)
When C =40 pF,
1
f, =1.624 MHz

 2m,/(240x10°)(40 x 1072)

Therefore, the frequency range is
0.541 MHz < f, < 1.624 MHz




2nfl
R

(b) Q=

At f, =0.541 MHz,

o- (27)(0.541x 10°)(240 x 10°°)

= 67.98
12 —_—
At f, =1.624 MHz,
271)(1.624 x10°)(240x 10
o (200624x109240x10%) 0
12 —_—
Chapter 14, Solution 96.
R; Vi L Vv,
MV 0000°

+
\{ Cf) = Ci TG R Z v,

e
e

Z2 Zl

, 1+sR,C,

1
Z =R
1 L||SC

LI ”[SL+RL+s2RLC2LJ
> sC, sC, 1+sR,C,

1 sL+R, +s’R,C,L

sC,  1+sR,C,

1 sL+R, +s’R,C,L

sC, " 1+sR,C,

Z,=

7 - sL+R, +s’R,LC,
? 14+sR,C, +s%’LC, +sR,C, +s°R,LC,C,




Vo = Vl = : Vi
Z, +sL Z,+R, Z,+sL

V., 1z, Z,
V. Z,+R, Z +sL
where
Z2
Z,+R,

sL+R, +s’R,LC,

sL+R, +s’R,LC, +R; +sR,R,C, +s°R,LC, +sR,R,C, +s’R,R ,LC,C,

Zl RL
and = 5
Z,+sL R, +sL+s°R,LC,
Therefore,
VO
v -

R, GL+R, +s’R,LC,)
(SL+R, +s’R,LC, + R, +sR,R, C, +s’R,LC, +sR,R, C,
+s’R,R, LC,C,)(R, +sL+s*R,LC,)

where s = jo.

Chapter 14, Solution 97.

+
Vi Ct) T G — C Ry § V,

Z2 Zl



1 sL(R, +1/sC
Z=sLH(RL+ ]= R, +1) 2),
sC,) R, +sL+1/sC,
V_#V
""" Z+R, +1/sC, '

R, R, z
Vo = V1 = : Vi
R, +1/sC, R, +1/sC, Z+R,+1/sC,

\4 R sL(R, +1/sC

V. B R, +1/sC, sL(R, +1/sC,)+ (R, +1/sC,)(R, +sL+1/sC,)

s’LR, C,C,

H =
(©) (sR,C, +1)(s’LC, +sR, C, +1)+s*LC,(sR, C, +1)

where s = jo.
Chapter 14, Solution 98.

B =0, -0, = 2n(f, — f,) = 21 (454 — 432) = 447

o, = 2nf, = QB = (20)(44n)

fO

- % = (20)(22) = 440 Hz

Chapter 14, Solution 99.

o1
¢ wC 2rfC

oo 1 1 107
ConfX, (2n)(2x10°)(5x10%) 20w

X, =oL =2nfL



L X, 300 _3x10*
S 2nf 2n)(2x10%)  4n

1 1

f _ _ 1.826 MHz
* ondLC , 3x10% 100 —m07 ———
" 4 20m
=X 100( T j 4.188x 10° rad/

= — = —_— = . X
T rac’s

Chapter 14, Solution 100.

R = = =15.91Q
2nf,C  (2m)(20x10%)(0.5%10°°)
Chapter 14, Solution 101.
S
P = TE = RC
1 1

R = - = 1.061 kQ
2nf.C (2r)(15)(10x10°) —— "~

Chapter 14, Solution 102.

(@) When R, =0 and R =00, we have a low-pass filter.

f, = = = 994.7 H
© T 27RC ~ 2n)@x10°)@0x107) =1 7%



(b)  Weobtain R, across the capacitor.
Ry =R [[(R+R))
Ry, =5](4+1)=2.5kQ

1 1
f = =
° " 2nR,,C  (2m)(2.5x10%)(40x10”)

f =1.59 kHz

Chapter 14, Solution 103.

H(o) =t =2 5= jo
V, TR, +R, [[/sC’
b Ry R(RH1SO)
()= L Ri(50) TR, +R,(1/s0)
2R, +1sC
R, (1+5CR,)
Ho)=—2 -
(©) R, +sCR,

Chapter 14, Solution 104.

The schematic is shown below. We click Analysis/Setup/AC Sweep and enter
Total Points = 1001, Start Frequency = 100, and End Frequency = 100 k.
After simulation, we obtain the magnitude plot of the response as shown.
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