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1. a.
b.
2. a
e.
3. a
e.
4. a.

3
left: dl = E” = 0.1875”, dz =1

Value = 10° x10*87"""
=10°x 1.54
=1.54 kHz

1, 0.5”,d»=1"

2

Value = 10° x 10!
=10’ x 107
=10°x3.16
=3.16 kHz

center: d; =

: 3
right: d,= Z” =0.75",d,=1"

Value = 103 X 100'75”/1“
=10°%x5.623
=5.62 kHz

1
bottom: d; = S =0.3125",d, = 15, =0.9375"
16 16

Value = 10—1 X 100.3125”/0.9375" — 10—1 % 100.333

=10"'x2.153
=022V

7.5
center: d; = E” =0.469", d, = 0.9375"

Value = 10—1 % 100469/0‘9375

=107 x 10"
=10"x%x3.16
=0.316 V
11
top: d, = E” =0.6875", d> = 0.9375”
Value — 10—1 % 100.6875”/0.9375" — 10—1 X 100.720
=10"x%x5.248
=052V
b. -4 c 8
1.30 £ 3.94 g 4.5
1000 b. 10" c. 159
10" f.  1513.56 g 10.02
11.51 b. —-9.21 c. 2.996

5. logi48 =1.68
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h. -0.498
d. 1.1
h. 1,258,925.41

d.  9.07
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logio 8 + logip 6 =0.903 + 0.778 = 1.68

6. logip 0.2 =—0.699
logio 18 —logip 90 =1.255 — 1.954 = —-0.699

7. logi 0.5=-0.30
—logio 2 = —(0.301) = —0.30

8. 10g10 27=1.43
3 logio 3 =3(0.4771) = 1.43

P 280 mW
9. a. bels = log;y = = log;) ————— =log;o 70 = 1.85
210 P1 g10 A mW g10

P
b.  dB=10log, FZ = 10(log;o 70) = 10(1.845) = 18.45
1

10.  dB=101log, £2

1

100 W

P,

6dB =10 10g1()

0.6 =logo x

x=3981= 100W

P,

= 100\? =25.12 W

1

P, 40 W
11. dB=101log,, =2 =101o
glop1 g10 W

=10 logo 20 = 13.01

12.  dB,,=101log

1 mW

120 mW
dB,, = 10 logio —— = 10 log;o 120 = 20.79
I mW

V. A\
13. dB,=201log;, —==201o =201o 84 = 38.49
210 Vl 210 01V g10

14. dBD =20 lOglo E
4

V
22 =20 logo 20 =

mV
1.1= 10g10x
V
x=12.589 = g
20mV
V,=251.79 mV
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15.  dB;=20logy __r
0.0002 ybar

dB, = 20 log;y 201 Kbar _ 5 g
0.0002 ybar
0.016 ubar
®0.0002 pbar

Increase = 24.08 dB;

dB; =20 log; = 38.06

16. 60 dB; = 90 dB,
quiet loud

60 dB; = 20 logo =20 logex

1
0.002 ybar
3 =logiox
x=1000

P>
90 dB, = 20 logiy—L2 =201
| 810,002 pbar g1y

4.5 = 10g10y
y=31.623 x 10°

Py
0002 ybst _ p 1

P P> 31.623x %
0.002 ybar

and P, =31.62 P,

X
y

18. a. 8 dB =20 logo V2
0.775V

Vy

0.775V

04= 10g10

a__ 2.512
0.775V

V2=(2.512)(0.775 V) = 1.947V
_ VP _(1.947V)
R 600Q

=6.32 mW

p
b. -5dB=201 2
0810 775 v

)
0251 2
08100775V

£
0.775V
V2=(0.562)(0.775 V) = 0.436 V
p_ V' (0436V)

R 600Q

=0.562

=0.32 mW
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19.

298

dy= Yo e Z£-90° + tan™' X¢/R = ! Z—tan™" R/X,
v T T £~ C e - C
Vi R +X; % 1
— |+
XC
1 1
Je= = =3617.16 Hz
27RC  2m(2.2kQ)(0.02 u F)
v
= fi: »=—2=0.707
f=r %
f=0.1f: Atf, Xe=R=22kQ
Xc= L _ L1 1 = 10[2.2 kQ] =22 kQ
27fC  270.1£.C  0.1| 2af.C
A, = 12 = ! — = 12 =0.995
R 2.2kQ \/(-1) +1
— | +1 +1
X, 22 kQ
1 1 1 1
f=05f=—=f.: = = =2 =2[2.2 kQ] = 4.4 kQ
2 27 fC f 21f.C
2| == |C
2
A, = ! — = 12 =0.894
22kQ ) \/(0-5) +1
4.4 kQ
=2 SN U N S N Y ER e
2m(2f.)C 2 prfC | 2
A, = ! — = 12 = 0.447
221V | V@
1.1kQ
B B 1 1 [ 1 1 B
Sf=10f: Xe= ———=— =—[22kQ]=022kQ
27(10£)C 10 Rz f.C | 10
A, = ! — = ——=0.0995
2210 V10741
0.22 kQ
0=—tan™ R/Xc
f=fu 0=—tan™' = —45°
f=0.1f:  6=—tan™' 2.2 kQ/22 kQ = —tan™' %— -5.71°
f=05f: O=—tan"' 2.2 kQ/4.4 kQ = —tan™’ %— —26.57°
f=2f 6=—tan™ 2.2 kQ/1.1 kQ = —tan™' 2 = —63.43°
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f=10f:  6=—tan™' 2.2 kQ/0.22 kQ = —tan™' 10 = —84.29°

1 1
20. a  fi= - —723.43 Hz
22RC 2722 kKQ)(0.1 4F)
f=2f.=1.45 kHz
1 1
c= = = 11 kQ
2/C  27(1.45 kHz)(0.1 4F)
dy= Voo _Xe _ 11KO = 04472
Vo JR+x2 J22kQ) +(1kQy
V,=0.4472V, = 0.4472(10 mV) = 4.47 mV
b f= =L (34317 =7234Hz
' 107 1007 '
| 1
Xo= - ~22kQ
22/C  27(72.34 Hz)(0.1 4F)
% Xe 22kQ . 2kQ

Ay

V,=0.995V;=0.995(10 mV) = 9.95 mV

c. Yes,atf=f., V,=7.07 mV
1
at f= Efc’ V,=9.95 mV (much higher)
at f=2f., V, =4.47 mV (much lower)
| 1
2rRC  2m(1.2kQ)C

1 1
27Rf. 27(1.2kQ)(500 Hz)

21.  f.=500Hz=

= 0.265 pF

Vi

At f=250 Hz, Xc=2402.33 Q and 4, = 0.895
At f=1000 Hz, X = 600.58 Q and 4, = 0.4475
0= —tan'R/Xc

1
Atf=250 Hz = _f. 0 =-26.54°
Atf=1kHz=2f, 0=—63.41°
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0
100, Hz fo 1kHz

1 1

22.  a. b2 =67.73 kHz

“" 2ZRC  27(4.7kQ)(500 pF)

b. f=0.1£=0.1(67.726 kHz) =6.773 kHz
1 1

" 24fC 27(6.773 kHz)(500 pF)
_ Xe  _ 46.997kQ
JR+ X2 J47kQ) +(46.997kQ)’

c =46.997 kQ

=0.995 =1

4= Vo
Vv,

c. f=10£,=677.26 kHz
L. ! =470 Q
20fC 27(677.26 kHz)(500 pF)

AU:V"= Xc 4700 =0.0995 =0.1

Vo JRP+XZ J@7kQ) +(470Q)

X
VR + X =5=100 X,

R T X 0.01 c
R+ XZ2=10" X}
RP=10" X} — X2=9999 x2
_ R _47kQ

9,999 99.995

SR BN B 1
mfC 2rxC 2m(47 Q)(500 pF)

=47Q

Xe

=6.77 MHz

Xe

300
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V()

23. a. A, =

Je

f=re
J=2e

=101

_
1= 10

b f=/e
f: Zﬂa

_ 1
f_zfca

f=10f,

CHAPTER 22

R
Vi JRP+X?

1

1

1
stan' Xo/R= —— /tan™! Xo/R

X 2
1+(Cj
R

= = =3.62 kHz
2mRC  2m(2.2kQ)(0.02 u F)
A= Yo 0707
Vl.
Atf, Xe=R=22kQ
Y=L 1l og-11ke
21fC 2x(2f)C 2| 2x(2f)C| 2
A, = ! —=0.894
1.1 kQ
1+
2.2kQ
1 1
Xe= = 2{2# C} =2[2.2kQ] = 4.4 kQ
27r[fch ¢
2
1
A, = = = 0.447
44kQ
1+
2.2kQ
- 1 1] _22kQ o0
2(10£,)C 10 Rrf.C 10

=0.995

= 10{ ! } = 10[2.2 kQ] = 22 kQ

Kom —r - 24/.C
ZE{fCJC ¢
1
1

A, = > =0.0995

22 kQ

1+

22 kQ

0 =45°

0=tan" (X/R) = tan™' 1.1 kQ/2.2 kQ = tan™" %— 26.57°

0

0

L 44k0

2.2k0
gt 0:22KQ

kQ

= tan

=tan"' 2 = 63.43°

=5.71°
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24.

302

1 L 2k0
Y — 84.20°
1= 10" M 5oka

a.  f=fi d,= —=2=0.707

SN

1 1
"~ 27RC 27m(120 kQ)(47 pF)

b. =28.22 kHz

f=4f.=4(28.22 kHz) =112.88 kHz
1 1

Xe= = =30kQ
2rfC 2 (112.88 kHz)(47 pF)
14 R 120kQ

4 \/R2+X§ \/(120k9)2+(30k9)2

Ay

c.  f=100f=100(28.22 kHz) = 2.82 MHz
1 1

= = = 1.
2fC 2m(2.82 MHz)(47 pF)
R 120 kQ

R+ X2 \/(120 kQ)’ + (1.2 kQ)’

2kQ

Xe

A =1

d. Atf=1, V,=0.707V;=0.707(10 mV) = 7.07 mV

2 2
p,= Yo TOTMV) 417 0w
R 120 kQ
1
A, = Vo1 L Xc/R
\7 Y 2
1+ (cj
R
1 1 1
fe= = R= = =795.77 Q
2 RC 2rnf.C 2m(2kHz)(0.1uF)
R=79577TQ = 750 Q+47 Q=797 Q
%/—J
nominal values
s fe ! =1996.93 Hz using nominal values

T 22797 Q)01 u F)

At f=1kHz, 4,=0.458
f=4kHz, 4, = 0.9
6 =tan™' Xc

f=1kHz, 6 =63.4°

f=4kHz, §=26.53°

= 0.970 (significant rise)
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26.

27.

.458

100 Hz 1kHz fz  4kHz 10 kHz flog scale)

(1996.93 Hz)

1 1
27RC  27(100k Q)(20 pF)

Je =179.58 kHz

f=0.01f,=0.01(79.577 kHz) = 0.7958 kHz = 796 Hz

1 1
Xc= = =9.997 MQ
27fC  2m(796 Hz)(20 pF)
g=Vo R _ 100kQ =0.01 = 0
Vi JR+XE \J(100kQ) +(9.997 MQY:
£=100f.=100(79.577 kHz) = 7.96 MHz
1 1
o= = =999.72 Q
27fC  2m(7.96 MHz)(20 pF)
dy=too R 100kQ) =0.99995 = 1
Vi R+ X% J(100kQ) +(999.72Q)
v, R
Ay=—2=05=—c—
4 JR® + X2
YR+ X2 =2R
R+ X}:=4R’
X2=4R*-R*=3R’
Xc= 3R> =3R=+/3 (100 kQ) = 173.2 kQ
1
Xo= L o 1 1
27fC 2mX.C  2m(173.2kQ)(20 pF)
f=45.95 kHz
. 1 1
low-pass section:  f, = = =795.77 Hz
' 27RC  2m(0.1kQ)Q U F)
1 1

94 Hz

high-pass section: f, = = =1.
> 27RC  2m(10kQ)(8200 pF)

For the analysis to follow, it is assumed (R, + j X c, )| R1 = R, for all frequencies of

interest.
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At f, =795.77 Hz:
Vy = 0.707 V,

=24.39 kQ

© 2,
2439kQ(%)

J0kQ)> +(24.39kQ)’

v, |= =0.925 V

V, = (0.925)(0.707 V;) = 0.654 V;
At f. = 1.94kHz:

V,=0.707 V
X. = !
b2
_ RV, 100Q(7,)
JRE+ X 1000) +(410)?
|V, = (0.707)(0.925 V;) = 0.64 V;

=41Q

=0.925V;

‘RI‘

(1.94 kHz - 795.77 Hz)

Atf=795.77 Hz + . ~ 137 kHz
Xe=581Q, xo,=1417kQ
‘VRI‘= 100Q07) = 0.864 ¥,
J(100Q)Y +(58.1Q)
14.17kQ(V,
v,|= Cx) =0.817 V

JI0kQ)> +(14.17k Q)

V,=0.817(0.864 V;) =0.706V;
and 4, = % =0.706 (= maximum value)

i

After plotting the points it was determined that the gain should also be determined at
f=500Hzand 4 kHz:

=500 Hz: X =159.15Q, X =38.82kQ,
Vi =0.532 V,, V,=0.968 Vy

V,=0.515V;
f=4kHz: X =19.89Q, X, =4.85kQ,

Ve =0.981 V1, V,=0.437 Vy
V,=0.429 V;
Using 0.707(.706) = 0.5 to define the bandwidth

BW = 3.4kHz—-0.48 kHz =2.92 kHz
and BW = 2.9 kHz
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28.

2.9 kH
With foenter = 480 Hz + [ Z] ~ 1930 Hz
A\)
1- ——————————————————————————————————
09t
0.8"
0.7+
064
05+
044 1 ! : ! 1
0.3+ (. i P
1 ! ! 1
024+ 1 ] : ] 1
0.1+ ] | ' ] 1
0 —— I +
100 Hz /  fo1kHz '\ f, 34kHz 10 kHz
0.48 kHz
1.93 kHz
1
fi= =4 kHz
2nR,C,
Choose R; =1 kQ
1 1
C = = =39.8nF .. Use 39 nF
2r /iR, 2m(4kHz)(1kQ)
= = 80 kHz
% 2rR,C,
Choose R, =20 kQ
1 1
G = = =99.47 pF ... Use 100 pF
2n f,R, 2m(80kHz)(20kQ)
C R,
o |( MY o
39 nF 20kQ _|_
R,<1kQ C, T1OO pF
(o] 0
kHz -4 kH
Center frequency = 4 kHz + 802% =42 kHz

Atf=42kHz, X =97.16 Q, X =37.89 kQ

Assuming Z, > Z,
R (1)

R’ + Xg]
Xe,(Vr)
R+ X
Vo=0.884V, =0.884(0.9957;) = 0.88 V;
asf=/fi: Vg =0.707V;, X =221.05kQ

|V 1= =0.995V,

v, |= =0.8847;

CHAPTER 22
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and V,=0.996 VR]

so that V, = 0.996 V, = 0.996(0.707V;) = 0.704V;

Although A4, = 0.88 is less than the desired level of 1, f; and f; do define a band of frequencies
for which 4, 2 0.7 and the power to the load is significant.

1 1

29. a.  fi= = =98.1 kHz
% 27LC  27\J(4.7 mH)(560 pF)
b O X, _27(98.1kHz)47mH) | o,
R+R, 160Q+12Q
pw= L 08 1KHZ g esihs
0, 16.84
c. Atf=f:V, = R ,=16OQ(1V) :0.93VandAD:£:0.93
" R+R, 172Q V.
Since O, 2 10, fl—fq—% =98.1 kHz — %—95.19 kHz
BW

fi=fit == =101.02kHz

Atf=95.19kHz: X, =2nfL =2n(95.19 kHz)(4.7 mH) = 2.81 kQ
1 1

Xe= = =2.99 kQ
27 f C 2m(95.19 kHz)(560 pF)
_ 160 Q(1 V 2 0°) 160V £ 0°
° 172+ j2.81kQ- j2.99kQ 172 - 180
LOVZ0® __ _ 643 v.246.30°

24897 /- 46.30°

Atf=101.02 kHz: X; = 2nfL = 2n(101.02 kHz)(4.7 mH) = 2.98 kQ
1 1

Xe= = =2.81kQ
27fC 2m(101.02 kHz)(560 pF)
_ 160 Q(1 V £ 0°) 160V £ 0°
* 172+ j2.98kQ- j2.81kQ 172+ j170

160V £0°

= ————— =0.66 V£L-44.66°
241.83 £44.66°

d  f=faV, =093V

f=/1=95.19kHz, V,=0.707(0.93 V) = 0.66 V
f=/=101.02kHz, V,=0.707(0.93 V) = 0.66 V

2
30 a  fi=—— 1-RC < 150.15 kHz
2mLC L
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0 - Xi_ 2 f,L _ 27(159.15 kHz)(1 mH)
‘ R R 16Q

Z; =O/R,=(62.5) 16 Q= 62.5kQ >4 kQ

and V, = V; at resonance.

=62.5 >10

However, R = 3.3 kQ affects the shape of the resonance curve and BW = f,/ J, cannot be

applied.
For 4, = % =0.707, | X | = R for the following configuration
R
o v )
t 33kQ +
v =33kQ V
I (o]
° o

For frequencies near f,, X;, > R, and Z; = R, +jX, = X,
and X=X} || Xc.

For frequencies near f, but less than f,
XX,
Xo—X,
and for 4, = 0.707
XX,
Xo—X,

X=

=R

L 1
Substituting X = and X, = 2nfiL
2 f,C

1
the following equation can be derived:

1 1
+ - =0
2TRC / AT’LC

Jf]Z

For this situation:

1 1
27RC  2m(3.3kQ)(0.001 y F)

1 1
4r*LC  4rm*(1mH)(0.001 u F)

=4823x 10°

=2.53x 10"

and solving the quadratic equation, f; = 135.83 kHz
BwW
and T:ﬁ, -fi= 159.15 kHz - 135.83 kHz = 22.32 kHz

BW
so that f, =f, + — =159.15 kHz + 18.75 kHz=177.9 kHz
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3.57

f, 159.15kHz
b. Q= L= =

" BW  44.64kHz
BW =2(18.75 kHz) = 37.5 kHz

X. __ 5000Q 50000

31. a. 0= = = 12.5
R+R, 390Q+10Q 400Q
b. BW = £=M:400Hz
0, 12.5
£1=5000 Hz — 20OMZ_ 4 g ks
f=5000 Hz + 200HZ_ < 20 kHZ
C.
14
At resonance
10Q()
0.024 =i
> 10Q+4000Q
f, f, f F =0.0247;
d. At resonance, 10Q|2kQ=9.95Q
95Q(;
o= M =0.024 V; as above!
9.95Q+ 400Q
32. a. Q€:£=M:4O
R, 10Q

Zp =O°R,= (40y20 Q =32 kQ > 1 kQ

32kQV,

————=0.97V;
32kQ+1kQ

At resonance, V, =

and 4, = L =0.97
Vi

For the low cutoff frequency note solution to Problem 30:
1 1
2
+ pa—
e Am’LC
1 1
2nfX .  2m(20 kHz)(400 Q)
X, _ 400Q

" 2nf 2m(20kHz)

=0

=19.9 nF

C=

=3.18 mH

Substituting into the above equation and solving
fi=16.4kHz
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with %— 20kHz - 16.4 kHz = 3.6 kHz

and BW = 2(3.6 kHz) = 7.2 kHz
f, _20kHz

=Jr = 2278
Z BW 7.2kHz
b. -

c. At resonance
Zr,= 32 kQ || 100 kQ = 24.24 kQ

2424kQV,
2424kQ+1kQ

and 4,= —2=0.96 vs 0.97 above

with V, =

=0.967;

S

At frequencies to the right and left of f,, the impedance Z, will decrease and be

affected less and less by the parallel 100 k€ load. The characteristics, therefore, are
only slightly affected by the 100 k€ load.

d. At resonance
Zr,= 32kQ |20 kQ =12.31 kQ

12.31kQ7V,

with V, =
1231kQ+1kQ

=0.925V;vs 0.97 V; above

At frequencies to the right and left of f,, the impedance of each frequency will actually
be less due to the parallel 20 kQ load. The effect will be to narrow the resonance curve
and decrease the bandwidth with an increase in Q,.

1 1
27JLC  27.(400 p H)(120 pF)
X, £90°+ (XLp 290°|| X o £~ 900): 0

33. a. I =726.44 kHz (band-stop)

(XLP 490°X X Z-90°)
X, - %

. XL[,XC

JXy =70
](XLP _XC)

) XLI,XC 0

J—:

(XLP _XC)
X, Xe

(RS

—Ac

Lp
X, Xe =X, X, +X, X.=0

=0

JXp, F

JX, =
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34.

35.

310

wlL
oL _ oL, +—=~
wC wC

1
LL,w" — E[LS +L,]=0

L +L
= s P
\/ CL,L,
L +L 6
f= AT :L\/ 460X10_19 =2.01 MHz (pass-band)
2\ CLL, 27 \28.8x10

=0

1 1 |

e T £2C 47%(100 kHz)2(200 pF)

X, = 2nfL = 21(30 kHz)(12.68 mH) = 2388.91 Q

1 1

C27C 27(30 kHz)(200 pF)

Xe— X, = 26.54 kQ — 2388.91 Q = 24.15 kQ(C)
X, =X, =2415k0Q

X, 2415kQ

" 2xf 27(30kHz)

12.68 mH

=26.54 kQ

C

=128.19 mH

At low frequencies, L, L, = short circuits and C = open circuit. The result is Vi very
close to V; at low frequencies. At high frequencies, Xc shorts to ground and X, hasa

high impedance so V. approaches 0 V.

Determine fequency when R, = X, due to voltage divide action.
R 220 Q

27 272(0.22 mH)
Since f; less than split between X; and R, let us try 140 kHz.

X,=R=2nfL=R=f= =159.15 kHz

Zy= X, =2nfL, = 2n(140 kHz)(0.47 mH) = 413.43 Q
1 1

© 2nfC 2m(140 kHz)(5 nF)
Zs= X, =2 fL, = 2n(140 kHz)(0.22 mH) = 193.52 Q
Z;=R=2200

Z,=Xc =227.36Q

ZT: Z1 + Zz || (Z3 + Z4)
(227.36 Q £ -90°)(220 Q + j193.52 Q)

= j413.43 Q + 271 :
(- j227.36 Q) +(220 Q + j193.52 Q)

(227.36 Q 2 —90°)(293 Q ~ 41.34°)
220 Q- j33.84 Q
66.61 kQ 2 —48.66°

222.59 £ -8.74°
=j413.43 Q +299.25 Q £-39.92°

= 41343 Q +

= j413.43 Q +
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36.

=j413.43 Q +229.51 Q —;192.03 Q
=229.51 Q+;221.40 Q
Z:=318.89 Q £43.97°

e WOVLOT 556 mA 243070
Z, 318.89Q,4397°
Lo Tl (22736Q7-90°)3136 mA £ -43.97°)
Z,+7,+Z, ~j227.36 Q+ j193.52 Q +220 Q
C7U3A2-13397° 7.3 A £ -133.97°
220 j33.84°  222.59,-8.74°

32.03 mA £/-125.23°
Vi =LZ,=(32.03 mA £—125.23°)(220 Q £0°)
=7.05V £-125.23°

4

10V /7.05VE7.07V

1
1
1

¢

0 140Hz=t, f

At very low frequencies X¢ = open-circuit and X; = short-circuit resulting in V, =
0V.

At very high frequencies X¢ = short-circuit and X; = open-circuit resulting in V, =
20 V.

Utilize X, = X as a starting point to establish a frequency of application:
L, gp q Y pp

sfam L !
27fC 27 LC Zﬂ\/(IOOmH)(O.IZ LF)

=1.45kHz

Try f=1kHz:

R 1

" 27fC 27 (1kHz)(0.12 uF)
X, =2n fL, = 2n(1 kHz)(100 mH) = 628.32
Z' = X, || R, = (628.32 Q £90°) || (1.2 kQ £0°)

_(628.32.2290°)(1.2kQ £0°)  753.98x10° Q £ 90°

1.2kQ + j628.32 Q 1.35x10° £ 27.64°
7/ =558.50 Q £62.36°

c =1.33kQ

v,- Z'E__(55850Q26236)20V £ 0°)
Z +X. 558.50 Q. 62.36°—j1.33kQ
_11.17x10° V £ 62.36°
2.591+ j494.76 - j1.33 kQ
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C1117x10°V £62.36°  11.17x10° V £ 62.36°
2.591- /835 874.28 £ ~72.76°
V. =12.78 V £135.12°

which is very close to the cutoff value of 0.707(20 V) = 14.14 V. The cutoff
frequency will be slightly higher than 1 kHz.

37. a. At very low frequencies X; = short-circuit and X = open-circuit. The resultis V, =
60 V.

At very high frequencies X; = open-circuit and X¢ = short-circuit. The resultis V, =
0V.

b. Defining impedances:

7 =7,|7,
7" =74\ Zs

Applying Nodal Analysis

11 1 E
NI M
7 7,| Z, Z,
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L el

V,=V,= =
1 1 1 1 1 1
—+ — i —t— =t = | =
7 Z, Z, 7 Z,||7" Z, Z, | z,

RN R
2tz
3 3 Z,
. 1 .
Choosing X¢ = 3 X to bring Vi, down to 0.707 level

| N 1

1
=-2 df= =
2nfC 3 rfband] 2rVLC 274/ (1 mH)(5 nF)

Using =120 kHz
Z,: X;=2n fL = 2n(120 kHz)(1 mH) = 754 Q £90°
Zz: XC = ! = !
2rfC  2x(120 kHz)(5 nF)
Z5: 754 Q £90°
Z,: 265 Q £-90°
Zs:2.2 kQ £0°

=123.13 kHz

=265 Q £-90°

212y = (754 Q £90°)(754 Q £90°) = 568.52 x 10° Q% £180°
E 60 V £ 0°

- = -6 o
= ———— =105.5x10° £-180
Zy  568.52x10° Q° 2 180

, 754 Q 2 90°)(265 Q ~ -90°
7 -2, z,- PRI )
+j754 Q- j265 Q
_ 199.81x10° Q ~ 0°

489 ~90°
=408.61 Q £-90°
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38.

314

a, b.

(265 Q 2 -90°)(2.2kQ £ 0°) _ 538x10°Q £ —90°

2.2kQ - j265 Q 222-6.87°
=262.61 Q £-83.13°

7" =174||Zs=

11 1 1

—t— = +

[z’ Zj [408.6194—90" 75494900}
=244 %107 £90° + 1.33 x 10~ £-90°
=244 %107 133 x 107
=j1.11x 107

1 1 1 1

[Z” ¥ ZJ 26261 -83.13° " 754Q 2 90°
=3.81x 107 £83.13° + 1.33 x 10~ £-90°
=0.455x 107 +3.78 x 10~ —j1.33 x 10
=0.455%x 107 +,2.54 x 10~
=2.49 x 10 £79.48°

[1.11 x 107 £90°][2.49 x 10 £79.48°]
=2.76 x 107° £169.48°

Z32 = (754 Q £90°)(754 Q £90°)
=5.69x 10°° £180°
1 1

7l 5.69x10° £180°

=0.176 x107° £-180°

and
105.5x10° 2 -180°
VL = 5
2.58%x10” £ 168.8°
=40.89V £-11.2°
=41 V which is very close to 0.707(60 V) =42.42 V

AV,
60V 1
42.4V 1
41V
0 7
1 1
fo= = =17.2 kHz
2rRC  2m(0.47kQ)(0.047 uF)
fe
f(log scale)

-3dB
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1 1 1
c. f=—fu Ay,,= 20log y————= 20log,;———==-7dB
2 U+ () V1+(2)?
1
f=2f Ay, = 20log,,————=-0.969 dB
140,57
1
f=—f A,,= 20 loglo—l =-20.04 dB
10 1+(10)?
1
f=10f: 4, = 20log,,———==-0.043 dB
Y 1+ 0.1)?
1
d.  f=—fu A= = =0.447
2 =y @2
1
f=2f Ay= ———=0.894
J1+(0.5)°
c.
4 6(V,leads V)
0 fo12 f, 2f f(log scale)
1 1 1
39. a.  f= = = =1.83 kHz
2rRC  2m(6.8 kQ |12 kQ)0.02 uF  27(4.34 kQ)(0.02 4F)
&:;
Vi J1+(f/1)
and V,= | —21 |y
NI+ (S /1Y
VO
Vi _____
0707V, | — —
|
0 f, = 1.83 kHz f
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0.707 — -

f('Iog scale)

e. Remember the log scale! 1.5/ is not midway between f, and 2f;

A= 20 logio 4,

—1.5=201log;o 4,
-0.075 = log10 AU

= Yo _ 84
V.

f. 0 =tan™' f/f

\ 0(\, leads V)

5.7°

1
1
4500 = = = = = = - == ===
1 I
} |
0° } |
fc/10 fe 10¢ f(log scale)
v | 1
40. ab. A= ~L =4 LO0=—— / tan’ 1},
Vi JL+ (1)
1 1
Je =13.26 kHz

" 27RC 272(12 kQ)(1000 pF)

c. f=f/2=6.63kHz
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A4, =20 log,,———— = —0.97 dB
1+(0.5)

[

f=2£=26.52kHz

1
4, =20log,;———==-6.99 dB
1+(2)
f=//10=1.326 kHz

1
A, =20log,,————=-0.04 dB

JI+(0.1)?

1
Ay =20 log,,————=-20.04 dB
1+(10)

f=10f.=132.6 kHz

d. f=f2:  A,= 1 0394
1+(0.5)°

f=2f Ay = B 0.447
1+(2)°

e. 6 =tan' fIf.
=112 0=—tan™ 0.5 =-26.57°
f=fu 0=—tan™' 1 =—-45°
f=2f 6 =—tan™' 2 =—63.43°

0dB 6.63kHz f, 26.52kHz

f(Ioé scale)

—6 dB/octave

_45° ~ g

I
—90° ik it

1 kHz 6.63kHz 10kHz 2652kHz  100kHz f(log scale)

*- - — -

M. e Rfxe=TEA)_ R
RZ_JXC @—]}é

( ~JRXc ]V,
Rz B jXC l =—j RzXCVi

RX. R(R - ch) - JRXc
Rz - jXC

Rl_j
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_jRZXCVi _ _jRZXCVi
RR, - jJRXc - JRX:  RR - j(R +R)X,
RX.V; _ RV,
RR, +(R +R)X. . RR
JRE, +(R 5)X ¢ j)l(z+(R]+R2)
c

R, vV
_ RV, ~ R+R )’
RR,
R+R +j—12 1+jﬂL
X R+R, ) X
R,
and A, = Vo _ R+ &

orA, = L |_ _ ! :|
R +R, |+ /2f(R IIR,)C

1

defining f,= ———
8 S RIRC

A= R, 1
"R +R|1+jf/T,
R, 1

-1
ReR| frgy "

1

and A, =

R
with |V, |= —2

V|
R+ R\ 1+ (f11.)
R, 27kQ

forf<f., V,=

V,= V,=0.852V,
R+R, ' 47kQ+27kQ

atf=f.. V,=0.852[0.707]V; = 0.602V;
1 1

f= = =1.02 kHz
27(R, || R,)C  2m(4.7 kQ1| 27 kQ)0.039 uF
AVO

0.852 V.

0602 V|- — —
|
II >

0 f, f
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VO
AAU: V,
0.852
0602 — —
|
l >
0 f f
c. &d.
M O(dB)
of E2 | & 2f,
" -1.39dB f

1dB
difference

1dB
difference

47kQ+27kQ
27kQ
=20 logjo 1.174 = -1.39 dB
e. A, =-139dB-05dB=-1.89dB

AvdB =20 logig Ay

—1.89 =20 logo 4,
0.0945 =log;o 4.

A, > =0.80

R +R
—20 logo 1; 2 =-20logyo

A

N

f. 0 =—tan™ fIf,
ol £,110 £ 10f,

42. R, I(;
—W—( °
10KQO00THFS ) 200 R, =39 kQ |68 kQ =24.79 kQ
Vi RZ Vo
a. From Section 21.11,
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vV, i/
V. 1+jf/f
o 1
C27RC 27(24.79 kKQ)(0.01 uF)
- 1 - 1
Je= 2t(R +R)C 27(10 kQ+24.79kQ)(0.01 4 F)

A, =

N = 642.01 Hz

=457.47 Hz

0dB e f,7

b.
1
f=fi 6 =45°
=1 0= 54.52°
1
f=5fi=321 Hz, 0= 63.44°
1
f= g/ = 642 Hz, 0=84.29°
f=2fi= 1,284 Hz, 0 =26.57°
£=10f, = 6420 Hz, § = 5.71°
N
90%
45° - -
O %0 rizf, f, 26 10F  Ridg scale)
43. a.
5.6 kQ
[o, o]
+
v 12k Thevenin
i
12kQ 7,
Vip= ———=0.682 V;
12 kQ+5.6 kQ

Rp=5.6kQ | 12kQ =3.82 kQ

320
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f=eoHz: (C = short circuit)
~ 82kQ(0.682V,)

= =0.465V,;
82kQ+3.82kQ

o

0.465 V,

0.329V, Atf.: Vy=0.707(0.465 V;)=0.329 V,

0 £ f(log scale)
R,(0.682V,)  0.682R,V,
R+R -jXe R+R - jXc

voltage-divider rule: V, =

dA v, 0.682 R, j27f(0.682 R,)C
an v = = =
V. R+R -jX. 1+27f(R +R)C
so that A, = & with f; = ! = !
1+ jf/f, 270.682R,C  270.682(8.2kQ)(0.1uF)
=284.59 Hz
and f.= ! = !
2r(R +R,))C 2m(3.82kQ+8.2kQ)(0.1 uF)

=132.41 Hz

1 AD(dB) ,

\ 132.41 Hz
20 logo f1f, = 20 logg oot 2.
ogu/ifi =20 logi o

=20 logo 0.465 = —6.65 dB

b.  0=90°—tan fif, = +tan”' f./f=tan"' 132.6 Hz/f

or
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00
f(log scale
K + (log )
0° £/10 fo 10f,
: f(log scale)
—45° k)
|
-90° '
A (W, leads V;) U
90° 5.7°
45°
5.7°
0 f./10 fo 107 f(log scale)
. 1 1
140 fi= - = 19.89 kHz
44, a2 A= M 2r R,C  2m(10 kQ)(800 pF)
1+ ]i fc _ 1 _ 1
fe 2r (R, + R,)C  27m(10kQ +91 kQ)(800 pF)
=1.97 kHz
0dB fe f1.7
TN i 1 R R
|
E\\ } —20log,, 1 2 = -20log,,10= —-20dB
< 2
b. ¢

6 =tan"' fif; —tan”' ff,

f=10kHz
0 =tan™' _10kHz tan™! 10kHz _ 29.66° — 87.62° = —57.96°
19.89 kHz 1.97 kHz
S=f(hi=101)
0 =tan™' ﬁ —tan” Je _ tan'0.1tan™'1 = 5.71° — 45° = —39.29°
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45.

46.

(b)

R, no effect!
Note Section 22.12.

Vo _ 1+ JU/H)

A, = = -
V. 1+ (f/ 1)
Si= ! =2.84 kHz
271(5.6kQ)(0.01 4 F)
1. I =904.3 Hz

T 27(12kQ +5.6kQ)0.01 4 F)

Note Fig. 22.65.

Asymptote at 0 dB from 0 — f.
—6 dB/octave from f; to f;

-9.95 dB fi -201
rom f; on [ og 5 6 kQ

Note Fig. 22.67.

From 0° to —26.50° at f; and f;

6 =tan”' fIf, — tan”' fIf,

At f= 1500 Hz (between f. and f)

6 =tan™' 1500 Hz/2.84 kHz — tan™ 1500 Hz/904.3 Hz
=27.83° - 58.92° =-31.09°

_ V. _1-jflf
V. 1=jt/f
1 1
~ 2rRC 27(3.3 kQ)(0.05 uF)
~ 1 B 1
" 27(R | R)C  27(3.3kQ ||0.47 kQ)(0.05 pF)
0.411 kQ

=964.58 Hz

fi

Je

R+R, 33kQ+047kQ

-20 1o
S0 TR 0.47kQ

0dB fy fe
Py

% 2 f
-18.08 dB
actual response

54.57°
45° /
37.11°37.11°
0° fi 4kHz f, f

CHAPTER 22

12 kQ +5.6 kQ

=-95 dB]

=17.74 kHz

=—201log,, =—-201log,,8.02 =—18.08 dB
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47.

324

0 =—tan! ﬁ + tan™! L

f=h :0=—tan71£+tan vfe
fi fi
= —tan ' 1+tan”" —7'74 Kz
964.58 Hz

= —45°+92.1° = 47.1°

R3(R2 - ch)
RI(Rz - ]Xc) = ijXc

RR, - jRX,
RR, - jRX - jRX,

f=4kHz: 0= tan”! 964.58 Hz +tan”! 7.74 kHz
kHz 4 kHz
=—15.06° + 69.63° = 54.57°
1 964.58 H _
f=f.:0=—tan 1w+ an 1 fe
7.74 kHz f.
=—tan™' 0.1246 + tan"' 1
=-7.89° +45° =37.11°
RV, 47kQV,
f: 0 HZ: Vo = =
R,+R +R, 47kQ+2kQ+1.2kQ
RV 47kQ V.
f=high: V,= ——= =07V,
R, +R  47kQ+2kQ
AV,
Vi - —
< RV _
f Rs+R, ~ 0.7V,
N RV,
RapaR, = 059 V. ‘
0 f
A= Yo Ry
V. R+R+R | X, 2-90°
Define R" = R; + R,
and A, = — R, = R
R +R || X, £-90° R'+M
Rz - jXC

=0.59V;
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| RXe

- RRy — jR X — RR;
RR - j(R+R)X, RE _(R’+R2)X
RR, ’ RR ¢

R[l_ .(R/+R2)K3XC}
R3

R R +R
Sty
R, RR,

R [1-jXc/R)]

R[ /
- R+ R X,
RR,

{ . 1 }
1=
R, 27R,C

" R+R . 1
T2 (R || R,)C
1

R 0-jg/N T ame

R+RO-j(/
© 2n(R || R)C

and A, =

R 1
A, =201logio——— +20 logi 1+ (f,/ f) + 20 logjy———
: R+R VI (L) )

1 3

R +R 1
= -20 logjo——= +20 logio 1+ (f;/ f)* + 20 logj———
R VI (L) )

]
~ 2n(R | R)C’

with f; = £ R'=R, +R;

1
27R,C’
6= —tan™'(fi/f) + tan”' ()

4 1
A 100 Hz 130 Hz Cf O f
{1_ Iy JEI_] I JE“J 20 kHZJ(l-l_] 50 ksz

48. a.
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180 Hz 18 kHz

100130 / \20kHz50kHz z .
BW .
e Y
N
e BW = 18 kHz — 180 Hz N
, = 17,820 Hz NN
N~ N
N~ N

Proximity of 100 Hz to 130 Hz will raise lower cutoff frequency above 130 Hz:

Testing: f= 180 Hz: (with lower terms only)

Ay, = —20log, 1+[100J -201log,, 1+(%

N—
S}

2

2
= -201log, /1 + [?ﬂ -201log,, (%}

=1.17dB-1.82dB=-2.99dB = -3 dB
Proximity of 50 kHz to 20 kHz will lower high cutoff frequency below 20 kHz:

Testing: f= 18 kHz: (with upper terms only)

2
/ A
= 201 -201 1+
Avw = 810 20 kHz %10 [50 kHz
2
18 kHz ) 13 kHz
= 2010 ~201log,, 4|1+
S0 \} [20 kHz S0 [20 kHzJ

\_/

=-2.576 dB -0.529 dB=-3.105 dB

00

-90°

—180°-

Testing: f=1.8kHz:

6=tan™ 100 tan~" 130 —t —11-8kHZ_t _1.8kHz
18kHz " 18kHz " 20kHz " 50kHz
= 3.18°+ 4.14° = 5.14° = 2.06°
=0.12° = ¢°
CHAPTER 22
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49.

50 kHz vs 23 kHz — drop about 1 dB at 23 kHz due to 50 kHz break.

Ignore effect of break frequency at 10 Hz.
Assume —2 dB drop at 68 Hz due to break frequency at 45 Hz.

Rough sketch suggests low cut-off frequency of 90 Hz.
Checking: Ignoring upper terms and using f'= 90 Hz:

2 2 2
Ay = —2010g101}1+(10fHZ} —2010g101}1+(45fHZj —2010g101’1+[68fHZ]

=-0.0532 dB —0.969 dB — 1.96 dB
=-2.98 dB (excellent)

High frequency cutoff: Try f=20kHz

2 2
: ’ / /
= 201 1+ ~201og;y |1+
ap o810 [23 kHz el 50 kHz

=-2.445 dB — 0.6445 dB
=-3.09 dB (excellent

. BW=20kHz-90 Hz=19,910 Hz = 20 kHz
fi=90 Hz, /, =20 kHz

270°

180°
65°

90°
OOX 1 kHz 10 kHz 23 kHz 50 kHz 100 kHz

10Hz  45Hz | 100 Hz
-90° 68 Hz

-180°

Testing: /=100 Hz
_10Hz _145Hz 68 Hz f
9 =t 1 + t 1 + -1 _ -1 _ -1
an f an f tan f tan 23kHz tan 50kHz

=tan" 0.1 + tan™' 0.45 + tan™' 0.68 — tan™' 0.00435 — tan™' .002
=5.71°+24.23° + 34.22° — 0.249° — 0.115°
= 63.8° vs about 65° on the plot
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50.  fiow =fnigh — BW =36 kHz — 35.8 kHz = 0.2 kHz = 200 Hz

A= 50 ?;i?
- 1= 1+ /
f f 36 kHz
o 50Hz 200 Hz
»
Sl A= 0'05100 - 1100 - 12000 -
0.05— j-o2 1—j 0 o200 A 42000
f 0.05 f f
+j7f
= 2000 4p4 £ = 2000 Hz
S
j
2000
100 Hz 10 kHz
f(log scale)
2. A= —20 Bl —
200+ /0.1y, 0SS
200 2000
Ayas = —201og,, / =1land f=2 kHz

1
27 2000
1+ S
2000
V(dB)
oT 2 kHz

NdB/oct

328
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if/1000
(1+ jf/1000)(1+ jf/10,000)
7

/
/
10Hz _ _____1KHze __0dB__ _ 10kHz R
--------------------- S f(log scale)
+6 dB/Oct 6 dB/Oct
S \
1+jL 1+jL
1000 2000
54. A, = >
1+jL
3000
AY 5 Y
= _J1 _J2 [
Ay = —201og 1+ (1000} +20log,, 4|1 + [2000} +40log,, P ;
+ 3
3000
A AU(dB)
157
0 dB slope (at 13.06 dB for f>>f)
+12 dB/oct
10+
6.81
5 1 | 1
+6 dB/OGt
1 >
0 0dB fy flz fs f(log scale)
1kHz 2kHz 3 kHz
s, Jo_ 2wl S . f  Jo_ . f
© 1000 1000 1000 “159.16Hz 5000 - 795.78 Hz
2w
A - 40(1+j159.16)~
v (jf159.16)(1 + jfi795.78) %8 dBloctave
\ 159.16 Hz
+32dB '\ 159.16 Hz 795.78 Hz

-6 dB/octave \—6 dB/octave
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V(dB)

60

50

40
K Y4 I

30 159.16 Hz

795.78 Hz

Actual
20 response

10

0 : : >
100 Hz 1 kHz f(log scale)

56. a. Woofer — 400 Hz:

X, = 2nfL = 22(400 Hz)(4.7 mH) = 11.81 O
1 1
C24fC 27(400 Hz)(39 U F)
Rl Xc=8Q £0°10.20.£-90° = 6.3 Q £-38.11°
_ RIXYV) _ (63Q2-38.11°(V)
CRIX)+jX,  (63Q2-38.11°)+ /1181
V,=0.673 £-96.11° V,

=10.20 Q

C

o

and 4, = % =0.673 vs desired 0.707 (off by less than 5%)

Tweeter — 5 kHz:
X =2nfL = 2n(5 kHz)(0.39 mH) = 12.25 Q

1 1
24fC 27(5kHz)(2.7 U F)
R I X.=8Q £0°]12.25 Q £90° = 6.7 Q £33.15°
_(6.7Q233.15°)(V)
C(6.7Q £33.15°)— j11.79
V,=0.678 £88.54° V,

and 4, = % =0.678 vs 0.707 (off by less than 5%))

1

=11.79 Q

Xe

o

b. Woofer — 3 kHz:
X, =2xnfL = 2n(3 kHz)(4.7 mH) = 88.59 Q

= ! = ! =136Q

27fC  2n(3kHz)(39 u F)
R|| Xc=8Q £0°]|1.36 Q £-90° =1.341 Q £/-80.35°
_ (RI[ XV, _ (1.341Q £-80.35°)(V,)

(RIIX)+7X, (1.341Q £-80.35°)+ ; 88.59
V,=0.015 £-170.2° V;

C

o
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A

and 4, = —2=0.015 vs desired 0 (excellent)

=

Tweeter — 3 kHz:
X, =2nfL = 2n(3 kHz)(0.39 mH) = 7.35 Q

1 1

27fC  2rn(3kHz)(2.7 u F)
R|| X, =8Q £0°]| 7.35 Q £90° =542 Q £47 42°
O(RIIX (V) (5.42Q £47.42°)(V,)

(RIIX,)+JX.  (542Q £47.42°)—- j19.65
V,=0.337 £124.24° V;

=19.65Q

C

o

V . .
and 4, = 7” =0.337 (acceptable since relatively close to cut frequency for tweeter)

C. Mid-range speaker — 3 kHz:

1.36 Q 7350
i .
v v.Q88590_|
P 19650502 Vo
ZIII _ —”) —I) _
P 2" Z
[ —
7=741Q £ -22.15°
7”=8.24Q £33.58°
7""=17816Q £ 37.79°
7'v. 7.816 Q £37.79°)V,
vi=2V __( Wi 113y,
Z7-jX. 7.816Q £37.79°— j1.36
A A41Q £-22.15°)V,
0= — i = Y Vi =0.998 £-46.9° V;
Z'+jX, 741Q/-2215°+ 735
v

and A4,= 7” =0.998 (excellent)

1
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