Chapter 21

1 1

1. a. W, = = =250 rad/s
JLC  JIH)(16 4 F)
fi= o _ 250rad/s —39.79 Hz
2 2r
1
b. W, = = 3496.50 rad/s
J(O.51H)(0.16 u F)
fi= &_3496 50rad/s_556 49 Hz
2r 2r
1
c. W, = =22,173 rad/s
J(0.27 mH)(7.5 4 F)
22,1
=0 _221T3radls _ 4oog 93 g
2r 2r
2. a  Xc=30Q b. Z,=2Q o, 7= L 30mMV_osma
: Z;  2Q
d.  Vx=IR=(25mA)10Q)=250 mV =E
V. =IX; = (25 mA)(30 Q) = 750 mV
Ve=IXc= (25 mA)(30 Q) =750 mV
VL = Vc
e.  O.= %—%— 15 (medium Q) f. P=PR=(Q25mA)2Q=125mW
3. a X, =2KkQ
b, 1=L =12V oma
Z, 1000
c.  Vi=IR=(120mA)100Q)=12V =E
Vi =IX; = (120 mA)(2 kQ) = 240 V
Ve=1IXc= (120 mA)(2 kQ) =240 V
Vi=Ve=20 Vg
X, 200000
d. ,= 2L=""""""_ 20 (high
0. 2 1000 (high Q)
X
e. X, =2nfL,L=-—L = 2KQ o3 mu
2r f 2n(5kHz)
1
Xc= c- L - ! =15,920 pF

2nfC 2rfX. 2r(5kHz)(2kQ)
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BW= L—Skﬂ—ZSO Hz

0, 20

fH=fi+ ?—SkH +%—5.13kHz

fi ﬁ—?—SkH —%—4.88kHz

1 1
(= ——— = L= =
% 2 LC Qrf,)’C (2m 1.8kHz)*2uF

=391 mH

X, =2xfL = 2n(1.8 kHz)(3.91 mH) = 44.2 Q
Xe= —! ! 420
2w fC 2x(18KHD)QUF)

X, =Xe

Epms = (0.707)(20 mV) = 14.14 mV

Irms = Erms = 1414 mv =3.01 mA
R 4.7Q

P=PFR=(3.01 mA)* 4.7 Q=42.58 ptW
Sr=Pr=42.58 pVA f.  F,=1

XL_ﬂ_9.4

R 47Q

BW= L—%— 191.49 Hz

0,

e LR, 1 52 4
2 L2 LC
1

1470 1| 470 ) 4
2 2(3.91mH) 21391 mH )  (3.91 mH)(2 uF)

0, =

_ L 601 02 +11.324%10 ]

- 89793Hz
1l R 1[(RY 4
| 2L 2\l z) T Ic

- -—601.02+11.324><103]

l\)
:\

=
I

1 1
PHPF = EPmax = —(4258 l.lW) =21.29 uW

[\
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5. a.  BW=£/Q,=6000 Hz/15 = 400 Hz

BW
b f=fi+ =-= 6000 Hz + 200 Hz = 6200 Hz

BW
Si=fi— T: 6000 Hz — 200 Hz = 5800 Hz

X
c. Q= TL =X, =0R=(153Q)=45Q =X,

1
d. Pupp= — Pmax = l(12/_?) = l(0.5 A’ 3Q =375 mW
2 2 2
6. a - K 20040 =3.185 mH
2nf  2m(10* Hz)
BW = R__ S0 =250 Hz
2rL  2m(3.185mH)
or QS: &:&:M:40’BW: L:M:ZSO HZ
R R 5Q 40

N

b.  fH=f+BW/2=10,000Hz+ 250 Hz/2 = 10,125 Hz
fi=fi—BW/2=10,000 Hz - 125 Hz = 9,875 Hz

o 0=Xe 2008y
R 5Q
EZ0° 30V «£0°
4 1= - 0% 6 A £0°.V, = (I £0°)X, £90°)
R,0° 5QL0°
= (6 A £0°)(200 Q £90°)
=1200V £90°

V= (I £0°)(Xe £-90°) = 1200 V £—90°

e. P=PR=(6A’5Q=180 W

7. a. BW= éi 0, = f/BW = 2000 Hz/200 Hz = 10

b. 0,=2L=X,=0R=(10)2Q)=209Q

X, 200
C2nf (628)2kHz)

ool 1
2 X (6.28)(2kHz)(20 Q)

1.59 mH

=3.98 pF
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fo=f;+BW/2=2000 Hz + 100 Hz = 2100 Hz
fi=fi—BW/2=2000 Hz - 100 Hz = 1900 Hz

BW=6000 Hz — 5400 Hz = 600 Hz

BW=£/0, = f.= O,BW = (9.5)(600 Hz) = 5700 Hz

X
0= TL =X, =Xc=0R=(9.52Q)=19Q

d. S N CA S
2rf  2m(5700 Hz)
1 1
C= = = 1.47 pF
2nf X  2m(5.7kHz)(19Q)
n=Eor-f -3V _po
Iv  500mA

BW =£/0Q, = O, =f/BW = 8400 Hz/120 Hz = 70
X
0, = TL = X; = O,R = (70)(10 Q) = 700 Q

Xe=X, =700 Q
_ X, 700Q
2 (27)(8.4 kHz)
1 1 -
2nfX.  (27)(8.4 kHz)(0.7kQ)

fa=f+BW/2=28400 Hz + 120 Hz/2 = 8.46 kHz
Sfi=fi—BW/2=8400 Hz — 60 Hz = 8.34 kHz

=13.26 mH

27.07 nF

0, = %:XL:QSRZZO(Z Q)=400Q =X,

BW= g = f,= O,BW = (20)(400 Hz) = 8 kHz

- Xo_ 40Q
2nf 2m(8kHz)
oo L _ 1
2nf X 2m(8kHz)(40Q)

fo=f;+BW/2=8000 Hz + 400 Hz/2 = 8200 Hz
fi=fs—BW/2=8000 Hz — 200 Hz = 7800 Hz

=1795.77T mH

=497.36 nF
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11.

12.

13.

6
fi= &:27r><10 rad/sleHZ

21 21

L=t 16 = BW=/f,—f;=0.16 ;= 0.16(1 MHz) = 160 kHz

s

2 2 2
p=Vi g Ve (20V)Y 50
R P 20W
pw=R =R 7200 G iemn
27l 2nBW  (6.28)(160 kHz)
1 1 1
- ~C= = =35.38 pF
% 2n\JLC 4z’f2L  47*10°Hz)*(0.716 mH) P
X, 2rxfL 2m(10°Hz)(0.716 mH
0, =Xt gy g = X 2mLL 200 HHOTIOmMI) _ o050
R 80 80 80
_ XL
0= 7
R - X, _2nfL 2n(IMH)(100pH) _ (o
.0, 12.5
Lol g,
VAN
o _ 1 _ X _2nfL 27(IMHz)(100puH) 628320
Y02 R R R R
k- 820500
R:Rd"l‘ R[

125.66 Q =R;+ 50.27 Q
and R;=125.66 Q —50.27 Q =75.39 Q

1

Xe= =X
¢ 2 f C t
1 1
= = =253.3 pF
21X, 27(1 MHz)(628.32 Q)
£ = L 2 =159.16 kHz
" 27JLC  27,J(0.1mH)(10 nF) '
5N )
2 mA — .
IQ 2 mA §2KQ Z==Q V. =4V
i
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Lo Voo AV AV

X, 2xf,L 100Q

4V 4V

Jo= Voo - — 40 mA
X 1/2zf,C 100Q

Ry _ 2kQ _2kQ

S vy -2

. 2xf,L 1000

= ! = 13.4 kHz

" 2nJLC 27 J(47mH)30nF)
X . .

0, = X 2AIL_2m(3AKHAETIH) _ g 40510 oo
R, R, 8Q

Since O, > 10,1, =f,=13.4 kHz

X, =2xf,L = 2n(13.4 kHz)(4.7 mH) = 395.72 Q
1 1

X-= =
© 21f,C 27(13.4KkHz)(30nF)
XL = XC

=395.91 Q

Z; = O/R, = (49.46)’ 8 Q = 19.57 kQ
Ve= 12;,= (10 mA)(19.57 kQ) = 1957V

0,>10, 0,= 0, = 49.46

BW = £=%: 270.9 Hz

0, 49.46

I, = Ic= Q,I, = (49.46)(10 mA) = 494.6 mA
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1 1

15. a.  f,= = =1.027 MHz
2n\JLC  27\J(200 p H)(120 p F)
b0 - X R = X, _2m(1.027 MHZ)(200 pH) _ o

R, 9, 15
Z,= O’R, =(15)°86.04 Q = 19.36 kQ

+

(DrzomaZ1ke Zta36ka Vo = (120 mAX9509 )
3 -7 =1144V

[——
950.9 Q

c. P=IR=(120mA)*(950.9 Q) =13.69 W

d.
1.291 kQ +
120 mALO"(D §1 kQ = X, =1141V
86.04 kQ |
X, =2nfL = 271(1.027 MHz)(200 xH) = 1.291 kQ
86.04 Q £ 0°)(114.1 V
7| = ( X ) _7587v
‘ 86.04 Q + j1.291 kQ
P="V,; /R, =(7.587 V)’86.04 Q = 669 mW
13.69 W: 669 mW = 20:1
X
16. a. 0, = —L=M:5 <10
R, 20Q
2+ 2 2+ 2
. 2XL Z:L:XC: RI+X] _(20Q)* +(100Q) 1040
R +X! X, X, 100Q
b R+ X3 10,400 Q

Zr=R,||R,=R;|| ————==1000Q || ———=342.11 Q
R, 20

c. E=1IZ; =(5mA £0°)(342.11 Q £0°) = 1.711 V £0°

= E _ L7 V.20 =16.45 mA £90°
Xo £-90°  104Q £-90°
7,=20Q+;1002Q=101.98 Q £78.69°
E 1.711V £0°

7. 101.98Q /78.69°

Ic

L=

=16.78 mA £-78.69°
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4 L=-Xr_ 1009 =1795.77 mH
2nf  2m(20kHz)

c= L . ! =76.52 nF
2nfX.  2m(20 kHz)(104 Q)

e - R 32110,
X. 1040

BW=1,/0,=20,000 Hz/3.29 = 6079.03 Hz
X X

6
Zﬂ[zleo Hz](l mH)
™ 2000 Q
17. Q,=35="L =R =2L= _ 2000
R, 35 35 35
f,  2x10°/27Hz
>10: =—£ - =2
< 2 BW 100,000 Hz
RIIQ/R, _R|(35)*57.14Q
X, 2000
And 40,000 = R|| 70,000
So R =93.33 kQ = use R =91 kQ (standard value)
1 1

2r fC B 6
27{2>< 10 HZJC

=57.14Q

0, =20=

0,> 10, X=X, =2000 Q =

2r
C =250 pF = use C = 240 pF (standard value)

1 1
18. a. = =
% 2nJLC  27m.J(80 p H)(0.03 4 F)

2, 2
f=f1=RE 73k - USDOO3HE ) 23 1ha(.99958)
L 80U H

=102.73 kHz

= 102.69 kHz
1 [rRiC

Iu=Fiy[l=5 [ |7 102.73 KH2(0.99989) = 102.72 kHz

Since f, = f, = f,, = high 0,

b. X, =2xf,L =2x(102.69 kHz)(80 1H) = 51.62
1 1

T2/, C 27(102.69kHZ) 003 F)
X, = X,

51.66 Q
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c. Z; =R QR

0, = ﬁ_w_34 41
R, 1.5Q

Z, =10kQ||(34.41)°1.5Q=10kQ[|1.776 kQ = 1.51 kQ2

R”Q[Rﬂ Zr, 1.51kQ

d. =——t=—"—-=29.25
oy, X, sien
= Jo 102Kz _ 4oy,
o, 29.25
e. Converting the voltage source to a current source:
1= £ M =10 mA
R 10kQ

And R,=R, =10 kQ
RJ, _ 10kQ(10mA)
R, +O’R, 10kQ+1.78kQ
Ic=1,= Q,1, =(34.41)(8.49 mA) =292.14 mA
. Ve=1Z =(10mA)(151kQ)=151V

Then I7= =8.49 mA

1 1
27\LC  27J(0.5 mH)(1 y F)

R? 2
=1 /1 _RC ok Jl—w =7.12 kHz(0.9338) = 6.65 kHz
L 0.5mH

2 2
R L = [T e
om

19. a  f= =17.12 kHz

=7.01 kHz
Low 0,
b. X, =2xf,L =27(6.647 kHz)(0.5 mH) =20.88 Q
Xc= ! = ! =23.94Q
27fC  27(6.647 kHz)(1 uF)
Xc> X, (low Q)
24+ 20. 2
c. Zr =Rl Ry=R; || RIT X7 =500 Q| (BL)”+(2088Q) _ 500 Q[ 62.5 Q
Ra 8Q
=55.56 Q
Z .
d. Qp:i:mzz.n
X, 2394Q
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BW= £=M: 2.87 kHz

0, 232

e. One method: V¢ = IZTp = (40 mA)(55.56 Q)=2.22V

lo=te =22V _ g 73 ma
X. 23.94Q
Vel _ 2220V 220V

ILf

R+ jX| B+ 2088 “aeq EmA
| . |

f. Ve=222V

2+ 2
20, a  z, =R 5010

P
/

(50 QY+ X} = (50 kQ)(50 Q)
X, = \/250x10* —2.5%10° = 1580.3 Q

b o= 180356500
R, 50

o Xe=X, = 15803 Q
X, 15803Q

L X=2filof= b= 2020 sy kH
¢ ML= S a6 mH) ‘

= C= ! = ! = 6.
2nf,C 2rf X, 27(15.72kHz)(1580.3Q)

p

d. XC = 4 nF

1 1

2l a. Q,=20>10 .~ f,=f= mJLC 272,J(200 mH)(10 nF)

= 3558.81 Hz

X, 2 2 2 81Hz)(0.2 H
b o - XL ’VL:>R5= L _ 27(3558.81 Hz)(0.2 H)
R, R, 0, 20
Z; =Rl R, =Rl O/R, =40kQ || (20)’223.61 Q
Z; =27.64kQ

Converting the voltage source to a current source:
_E 200V

=223.61 Q

R,=R,=40kQ
Ve=1Z, =(5mA)27.64kQ)=138.2V

290 CHAPTER 21



22.

23.

P="PR=(5mA)*27.64 kQ = 691 mW

RIR, _ 27.64kQ 618
X,  2m(3558.81Hz)(0.2H)

gw=Jo _355881Hz _ o o0
0, 6.18

R
Qp—X—L

Ratio of Xc to R, suggests high O system.
X =400 Q= Xc

X
0, = _L:MZSO
R, 8Q
0, R _RIR, _RQIR, _20kQ|(50)°8Q _10kQ
D S ¢ X, 400 Q 400 Q
BW = é—”:ﬁ,— 0,BW = (25)(1000 Hz) = 25 kHz
P
Vew =12, =(0.1mAY(10kQ) =1V
fo=f,+BW/2=25kHz+ 1KHZ _ 5 5 kHz
fi=fo— BW2 =25 kHz— X2 _ 54 5 kHz
2+ 2
Xo= Rt X} - X Xc+ R =0
L
X} —100X,+144=0
Y —(~100) £ +/(100)> — 4(1)(144)
’ 2
4_
_s0q+ MO =576 ; 76 _ 5o +48540
X, =98.54 Q or LA6Q
0, = XL 98349 45
R, 120
2 2
40kQ | R +X] 40KQ | (12Q)% +(98.54 Q)*
R IR R, 120
0= = - =
X, Xe 100Q
_ 40kQI821.18Q  804.66Q _ o
100 Q 100Q )

BW =10, = f,= Q,BW = (8.05)(1 kHz) = 8.05 kHz
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d.

24, a.

292

Ve, = 12, = (6 mA)(804.66 Q) = 4.83 V

1 kH
f=f,+BW/2=8.05kHz + —— = 8.55 kHz

1 kH
fi=f,— BW/2 =8.05 kHz — ——= =7.55 kHz
Js ! ! =41.09 kHz

" onIC 27,/(0.5 mH)(30 nF)

2 2
fo=fill- RiC _ 41,00 xnz ,/1—M:41.O9 kHz(0.9978) = 41 kHz
L 0.5mH
2 2
L= =L BC 4y 0o ks f1-1 6 GONF) | 41 09 kH2(0.0995)
4L 41 05mH

= 41.07 kHz
High O,
1= SOV L0° A 200, R =20 kO
20kQ £0°
X .
0, =X _20L _2z(HKHDOSmH) _ 5, 47 high 0 coil)
R, R, 6Q
2+ 2 2 2
e R RICXL g @Q+(128810)
0,= RsIIRp _ _ 6Q
"X, R+ X} (6Q)> +(128.81Q)
Xi 128.810Q
_ 20KQI2771KQ_2434KQ _ e 2
129.09Q 129.09Q

Z; = RJIR,=20kQ || 2.771 kQ = 2.43 KQ
Ve= 17, = (4 mA)(2.43kQ) = 9.74 V

BW= £=@: 2.17 kHz

0, 1886

1 1
© 27fC 2m(41kHz)(30 nF)
fo= Ve 22730V _as 55 mA
X, 129390
Ve 9736V 9.736V

I = = =
" R+jx] 6Q+,12881Q 12895Q

=129.39 Q

C

=175.50 mA
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26.

27.

2 f L 2 f L
0, - Xi_ fp LR - fp :271(20 kHz)(zrnH):?’.149

0, 80
BW =£,/0, = Q,=f,/BW =20 kHz/1.8 kHz = 11.11
1 1

1
High 0. =fi=————=C= = =31.66 nF
ghQn  fp=) 27~ LC An’fIL  47*(20kHz)’ 2mH

Q—izﬂ? O,Xc = 9 111 =2.79 kQ
Xc 2nf, c 2m(20 kHz)(31.66 nF)

R,= O’R, =(80)*3.14 Q = 20.1 kQ
R:R, ~ _ (20.1kQ)(2.793 kQ)

R=R,||R,= 22 = R = =3.24 kQ
R, R —R 20.1kQ-2.793k
1.8V
=17, = 7, =—m =" —9kQ
Con = 141,2 21, = 0.2 mA
R RIR, R R
Qp___L__P XL=—p—&—3OOQ:XC
X, X, X, 0, 30
BW = g—f’ = f,= 0,BW = (30)(500 Hz) = 15 kHz
P
p= Mo 300Q 4 iemm
2r f  2m(15kHz)
1 1
C= = =35.37 nF
21X, 2x(15 kHz)(300 Q)
0p= QO (R=20Q)= XL:R(:ﬁ=M:109
R, 0, 30
a. fi= L ! =251.65 kHz
-7 2rJLC 27 (200 p H)2 nF) '
0, - X, _2m@251.65kHZ200H) o1 5 1,

R, 200
- f,=f,= 251.65 kHz

b Zp =R, Il 7R, =40kQ | (15.81)’ 20 Q = 4.44 kQ

R QiR, _4.444kQ
X, 316.23Q

c. 0= = 14.05

Sy _25165kHz g0

0, 1405

d. BW =
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20 pH, 20 nF
/s the same since product LC the same

f.=1251.65kHz
Q[:ﬁ 27(251.65kHz)(20 u H) sl
R, 20Q
Low Q[:
2 2
7= 1= R€ ~ 251 65 ktz) 1 - 20D (200F)
20uH

= (251.65 kHz)(0.775) = 194.93 kHz
X, = 2xf,L = 27(194.93 kHz)(20 pH) = 24.496 Q
R} +X] _(20Q)° +(24.496 Q)°

R,= =50Q
R, 20Q
ZT,, =R,||R,=40kQ |50 Q=49.94 Q
R 49940
g - K990,
X, 24.496Q
BW= Q_M_ 95.55 kHz
0, 2.04
0.4 mH, 1 nF
fs=251.65 kHz since LC product the same
0, = X, _27(251.65kHz)(0.4 mH) _ ~3162> 10

R, 200

. f,=/,=251.65 kHz
Zp =Rl 7R, =40kQ | (31.62)7 20 Q=40 kQ || (=20 kQ) = 13.33 kQ

R IIQ/R, _13.33kQ

= ~21.08
% X, 632.47Q
= Jo BLOSKHZ 4oy,
o,  21.08
Network £ =20HH _ 50 % 10°
C 2nF
part (e) — L 2ONH—1><103
C  20nF
part (f) ﬁ— 04mH _ 400 x 10°

L . .
Yes, as Eratlo increased BW decreased.

Also, V, =

L/C ratio.

17, and for a fixed /, Z; and therefore ¥, will increase with increase in the
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