Chapter 10, Solution 1.

o=1

10cos(t—45°) ——> 10£-45°
Ssin(t+30°) —— 5/-60°

IH — joL=j

IF — ——=-j
joc

The circuit becomes as shown below.

Vo
WV 0000 —

10£-45° V CD _) 5/-60°V

3\
vl
N
=

(D

Applying nodal analysis,
(10£-45°)-V, (5£-60°-V,6 V,
O
J10£-45°+152-60°= )V,
V, =10£-45°+152-150°=15.73.£247.9°
Therefore, v, (t) = 15.73 cos(t +247.9°9) V

Chapter 10, Solution 2.

o=10

4cos(10t —m/4) —— 4/-45°
20sin(10t +7/3) ——> 20£-150°
IH — joL=jl0



The circuit becomes that shown below.

10 Q2

20/-150° V j10Q /& -5Q

Applying nodal analysis,
(20£-150°) -V, vV, V,
+4/-45°=—+—;
10 Jjlo- -35
20£-150°4+4£-45°=0.1(1+))V,

_V,  2£-150°+4£-45°
¢ 10 J(a+3)
Therefore, i, (t) = 2.816 cos(10t + 150.98°) A

=2.816£150.98°

Chapter 10, Solution 3.

ow=4

2cos(4t) —— 240°

16sin(4t) —— 16£-90°=-j16
2H — joL=8

1 B 1 3
joC — j@)/12)

/12F —

The circuit is shown below.

40 30

MAN—€ TI— WA

4/-45° A

-J'16V<D Z1a (T 2£0° A




Applying nodal analysis,

-j16-V, vV, V

0 Y]

+2=

+
4-33 1 6+38

-jl6 1 1
—+2=|1+ ~+ = |V,
4-33 6+ 58

4-33

0

Therefore,

0 3.92-j2.56  4.682£-33.15°
©1.22+j0.04  1.2207.1.88°

=3.835£-35.02°

v, (t) = 3.835 cos(4t — 35.02°) V

Chapter 10, Solution 4.

16sin(4t—10°) —— 16£-10°, w=4

16£-10° V Cf) 051} 1asv,

IH — joL=j4

1 1
025F — > ——=- _
joC  j(4)(1/4)
I 4Q -i Q
) Vi Ya
——/0000 1

(16£-10°) -V,
- +

But

X

1
i 2 1]

[ _(62-109-V,

714

3((16£-109-V,) V,

j8 1-]



_48Z£-10°
o1+ 74

Using voltage division,
1 482 -10°

V. =
1= 1 (1-))-1+j4)

V, = =8.232/-69.04°

Therefore, v, (t) = 8.232 sin(4t — 69.04°) V

Chapter 10, Solution 5.

Let the voltage across the capacitor and the inductor be Vy and we get:
V, —0.51, —10£30° N Vi +£
4 -2 33

=0

(3+j6—j4)Vy —1.51, =30230° but I, = V—X2 = j0.5V,

Combining these equations we get:

3+ 2— 0.75)V, =30.230° or V, = 0£30"
31125
I, = 0520539 _ 4615973894
311,25

Chapter 10, Solution 6.

Let V, be the voltage across the current source. Using nodal analysis we get:

ﬂ_3+ Vo __ 20 \Vs
20 20+il10 20+i10 °

Combining these we get:

Vo _ 4Vo 4. Vo
20 20+il0 20+ j10

=0 (1+j0.5-3)V, =60+ j30

_ 604330 o 2003)

0 = - < = —=29.11/-166" V.
-2+30.5 -2+]0.5




Chapter 10, Solution 7.

At the main node,

J— o J— — 1
120£-15°-V v, V.V , 1159131058
40 + 20 — 3050 40 + 20

A% 1 - +i+L
40+ 120 30 50
v o Z3A885 2 JAT80S o) 08, 1540 v
0.04 + j0.0233

Chapter 10, Solution 8.

o =200,

100mH ——  joL = j200x0.1= j20

50uF > - L _ ! g =—jl00
JoC  j200x50x10~
The frequency-domain version of the circuit is shown below.
< > 0.1V,
400
Vi| Le» \¢}
+ — -j100Q
6/15° 200 V, j20Q

Atnode 1,
6415°+o.1vlzﬁ+ Vi N-Vs
20 —jl00 40

or 5.7955+ j1.5529 = (=0.025 + j0.01)V, — 0.025V,

~5.196— 3 =

(D



At node 2,

Vl_VZ V2 3
—==01Vi+—= —— 0=3V;+(1-2)V, 2
20 150 1 +(1-32)V; 2)

From (1) and (2),

[(—0.025 +j0.01) — 0.025}(\/1 j ~ ((5.7955 +j1.5529)

. or AV=B
3 1-j2) \ V2 0 J

Using MATLAB,
V =inv(A)*B
leads to ¥, =—-70.63 — j127.23, V,=-110.3+ ;161.09

Vi -V,
40

I, = =7.276/-82.17°

Thus,
i,(t) =7.276cos(200t —82.17°) A

Chapter 10, Solution 9.

10cos(10°t) —— 10£0°, @=10
10mH —> joL=jl0

1 1

S0 uF ——> - — 20
K ioC ~ j(10)(50x10°) !
Consider the circuit shown below.
00 -szfQ y, 100
MN . 1C D000
° +
10£0°V <f> 200 i, Q2 v,

——

Atnode 1,

10-V, V, V, -V,
=—+
20 20 -j20

10=2+j)V,—jV, (1)



At node 2,
VI?V2:(4)&+ 2. ,
- 520 20 30+310

A%
where I = 2—(1) has been substituted.

(4+)V, =(0.6+j0.8)V,

V. - 0.6+ j0.8 v @
1= ‘4+_] 2
Substituting (2) into (1)

2+7)(0.6+30.8
102l J)(4+'J )Vz—sz
-at)

170

V=
or >~ 0.6- 262

v o 30 o 3 170
° 304710 * 3+j 0.6-j26.2

=6.154.270.26°

Therefore, v, (t) = 6.154 cos(10° t + 70.26°) V

Chapter 10, Solution 10.

SOomH ——  joL=j2000x50x107> = jl00, @ =2000

1 1

2uF - =
joC  j2000x2x107°

= {250

Consider the frequency-domain equivalent circuit below.

Vi -250 'V,
| |
|

36<0°
2k Q) j100 0.1V, 4kQ




Atnode 1,

36 = M| +,Vl +V1'—V2
2000 3100  —j250

> 36=(0.0005— j0.006)V; — j0.004V, (1)

At node 2,

V-V, V, ) )
——==0.1Vy + > 0=(0.1-30.004)V; +(0.00025 + j0.004)V, (2
~ 250 1+ 2000 ( j V1 +( j Vo (2)

Solving (1) and (2) gives
V, =V, =—535.6+ j893.5 = 8951.1.£93.43°

Vo (t) = 8.951 sin(2000t +93.43°) kV

Chapter 10, Solution 11.

cos(2t) ——> 1£0° w=2
8sin(2t+30°) —— 8L-60°

1

1

IH — joL=j2 1/2F ——

1

joC ~ j@)1/2)

]

1

2H —— joL=j4 1/4F —

Consider the circuit below.

21, 21,
|C
G 70000
21, 2 '.i Q
Z‘Zimiii‘ 2

v () L O

joC ~ j(2)(1/4)

_j2



Atnode 1,
(8£-60°)-V, V, V -V,

2 -] J2

8/-60°=(1+j)V,+jV,

Atnode 2,
V.-V 8£-60°) -V
+— 2+( ) =0

2 j4-j2

1

V,=42-60°+3+0.5V,
Substituting (2) into (1),
1+8£-60°-4.230°=(1+j1.5)V,

v _ 1+8£-60°—-4.30°
b 1+il.5

V, 1+8£-60°-4/30°
=5.024£-46.55°

I():_': R
-] 1.5—;

i,(t) = 5.024 cos(2t — 46.55°)

Therefore,

Chapter 10, Solution 12.

20sin(1000t) ——> 20£0°, = 1000
10mH —— joL=jl0

1 1
S50 uF —>» - —-i20
K ioC ~ j(10°)(50x10°)

The frequency-domain equivalent circuit is shown below.
2 IO

10 Q2 Vv,

2020° A CT) § 200 /~-j200Q j10 Q

(1)

)



Atnode 1,

20=21 4, 1=V
= +—
° 20 10
where
A
° 10
202 M V=V,
j10 20 10
400=3V,-(2+j4)V, (1)
At node 2,

2V, Vi-V,_V, V,
a0 " 10 -j20 jlo

2V, =(-3+32)V,
or V, =(1+jl.5V, (2)
Substituting (2) into (1),

400=03+j4.5V,-2+4V,=(1+]j0.5V,

400
2714305

Therefore, 1,(t) = 35.74 sin(1000t — 116.6°) A

Chapter 10, Solution 13.

Nodal analysis is the best approach to use on this problem. We can make our work easier
by doing a source transformation on the right hand side of the circuit.

-j2Q 18Q j6 Q
I€ M\ 0000 —

+

40430°V C) \A § 3Q 50£0°V




Vi —40230° ViV, =50 _
—i2 3 18+j6

which leads to V, = 29.36£62.88° A.

Chapter 10, Solution 14.

Atnode 1,
0-V, 0-V, V,-V,
—+ +— =20/30°
-j2 10 j4
-(14+j2.5V,-j2.5V, =173.2+j100
Atnode 2,

Vz Vz Vz _Vl
—+—+——=20230°
12 -5 74

5.5V, +j2.5V, =173.2+ 100

Equations (1) and (2) can be cast into matrix form as
[1+j25 25V, ] [-200£30°]
2.5 - jS.SJLVZ _L 200430°J

1+j2.5 j2.5
2.5 -j55

‘ =20-35.5=20.74£-15.38°

-200£30°  j2.5
"1 200£30° -35.5

‘ = j3(200£30°) = 600.£120°

1+j2.5 -200£30°
J2.5 200£30°

5 =

A1
=28.93/135.38°

A
V, = TZ = 49.18.£124.08°

= (200.£30°)(1 + j5) = 1020.£108.7°

(1)

)



Chapter 10, Solution 15.

We apply nodal analysis to the circuit shown below.

5A
2Q v, iQ Vv,
MA
I
-j20 vV -ji2 Q 21
Atnode 1,
-j20-V, =5+L‘IJFVI—'V2
2 -2 ]
-5-j10=(0.5-j0.5V, +jV,
Atnode 2,
V.-V, V
S+2l+——>=—12,
] 4
Vl
where I=—
'_]2
Vz: > -V
0.25—3
()
Substituting (2) into (1),
: J5 :
-5-j10- =0.5(1-)V,
1-j)Vv,=-10-320 M40
160 j40
(V2£-459V, =-1o—j20+7—J1—7

V, =15.81£313.5°

4 Q

(1)



%
= —12 = (0.5.£90°)(15.81./313.5°)
-]

I=7.906£43.49° A

Chapter 10, Solution 16.

Atnode 1,

At node 2,

Thus,

-2_£+V1_V2+V1_V2
=507 10 -5

40=C3+4V,-(2+14)V,

100+)=-1+12)V,+(1+))V,

[ 40 ] [ 3+ 20+ V]
hoa+p)=l-avi 145 1w,

3+j4 -2(1+j2)

A= = 5-i=5.099/-1131°
S(142) 14 ‘ J

740 -2(1+32) .
= =-60+3100=116.622120.96°

10(1+ ) I+
3+ 34 j40

A, = ~ .90+ 110 =142.13./129.29°
2 ‘-(1+j2) 10(1+ j) J

B>

L~ 2287/132.27°V

l>[>|

A\

V, =—*= 27.87/140.6° V

>|



Chapter 10, Solution 17.

Consider the circuit below.

I,
100£20° V C) Vi ——MWAN—

Atnode 1,
100£20°-V, V, V, -V,
_—_—mm m = _+ ——
j4 3 2
\ . .
100£20° = ?(3 +j10)—j2V,
At node 2,

100£20°-V, V,-V, V,
=+ =
1 2 R

100.£20°=-0.5V, +(1.5+ j0.5) V,

From (1) and (2),
[100220°] [ -05  05@+)[V,]
L100420°J:L1+j10/3 -2 v,

(1

2)

05 15+j0s|
Tliegroa o [T YT

100£20° 15405 o
171100200 - | TS
. 051002209
27114 §10/3 1002200 7070 T80




A

V= =64742-13.08°
AZ
V, =—+=81.17£-6.35°
A
[ Vi-V, A -A, -285+j7831
° 2 2A  0.3333-j9

I, =9.25/-162.12°

Chapter 10, Solution 18.

Consider the circuit shown below.

Atnode 1,

At node 2,

~V,

Substituting (2) into (1),

Vv, 8Q j6 Q Vv, 4Q i5Q
AMA—0000® AMA—0000M—
+
4445°A<T> 20 § V, 2V T -1 QT -j2 Q A
Vl Vl _Vz
4/45°=—+——+
2 8+ 36
200£45°=(29-313)V,-(4-13)V, (1)
Vl _Vz Vz Vz
— 42V =— 0, where V =V,
8+ 6 -] 4+35-32
(104-33)V, =12+ 41V,
3 12+ j41 2
104-33 2
12+ 34D )
200£45°=(29-3)——"-V,-(4-13)V,

104- i3



200£45° = (14.21£89.17°) V,

. 200£45°
27 14.21,89.17°

v -j2 - j2 _-6—j8V
° T 4+5-2 7 4+3°7 25 2
v 10£233.13°  200£45°
o 25 14.21.,89.17°

V, = 5.63/189° V

Chapter 10, Solution 19.

We have a supernode as shown in the circuit below.

20
T
Vi | o Vs 4Q
+
29§V0 T -j4 Q T 0.2V,

Notice that V_ =V,.

At the supernode,
V.-V V, V, V-V
B Y N N
4 -4 2 ]2

3

0=2-2)V,+(1+)V,+(-1+j2)V,
At node 3,
Vl _V3 _ V3 _Vz

0.2V, +
! 2 4

(0.8—j2)V,+V,+(-1+j2)V, =0
Subtracting (2) from (1),

(D

)



0=1.2V,+jV, 3)
But at the supernode,

V, =12£0°+V,
or V,=V,-12 4)
Substituting (4) into (3),

0=1.2V,+j(V,-12)

_12290°
° " 1.562./39.81°

V, = 7.682£50.19° V

Chapter 10, Solution 20.

The circuit is converted to its frequency-domain equivalent circuit as shown below.

R
M\
+
v md
Vi B JoL Vo R joC
L
. 1 C joL
Let Z = joL = =
© @ ||jcoC . 1 1-w’LC
JoL+-—+
JoC
joL
v % | _ 1-0LC _ joL v
°TR+Z " joL "™ R(1-0’LC)+joL ™
R+——F—
I-0°LC
v oLV, 4(900 oo ol j
= —tan' —————
* JR?(1-0’LC)’ + 0L’ R (1-0’LC)



If V, =AZ}, then

oLV,

A

- JR*(1-0’LC)? + 0’2

and  §=90°—tan" — 2
B R(1-®’LC)
Chapter 10, Solution 21.
b
vV, joC 1
(a) = = 5 -
V. . I 1-®’LC+ joRC
R+joL+——+
joC
Ato=0 Vo—1—1
e=" vV, 1 -
A Y, 0
—)(X)’ =
0] v -8
L V.. 1 4L
“=JLc’ v, . 1 ~RrR\cC
1 JRC I
VLC
) vV, joL B - o’LC
\ . 1 1-w’LC+joRC
" R+4+joL+-—
joC
Ato=0 V"—0
0=0, v -8
A Y, ] 1
o0 = — =
S ®M—> o, v =11
At 1 vV, -1 j |L
0):— = = —
JLC’ : 1
LC \2 iRC RVC




Chapter 10, Solution 22.

Consider the circuit in the frequency domain as shown below.

R
MV
Rz 1 +
+ L
v.(O) joc T Vo
joL —
Let Z=(R,+joL)| !
e = +jol) || ——=
2] joC
1
—— (R, +joL
Z_ij( R
= =7 —
R, + joL+- I+ joR, —o°LC
joC
R, + joL
vV, Z 1-o°LC+ joR,C
B B R, + joL
V. Z+R, g R, + jo
l-o’LC+ joR,C
vV, R, + joL

V. R,+R,-0’LCR, +jo(L+R,R,C)

Chapter 10, Solution 23.

V-V, \%
+
R

+joCV =0

joL+-——
joC

JoRCV

V+ 7
—o°LC+1

+joRCV = V

1-®’LC + joRC + joRC — jo’RLC?
2 V=V,
1-0’LC



v (1- w’LC)V,
1- ®’LC + joRC(2 — »*LC)

Chapter 10, Solution 24.

For mesh 1,

\% ( ! 1 jl ! I
= —+ —
© joC,  joC,) " joC, ?

For mesh 2,

1
0= I, +|R+joL+ 1
1 ( JO‘) _](Dczj 2

joC,
Putting (1) and (2) into matrix form,
1 1 -1
Tt T
m _|joC,  joC, joC, H
0 ‘_1 R + joL +- L
JjoC, JjoC,

1 1 1 1
A= + R+ joL + +
(j(nC] ijzI Jo ijJ ©’C,C,

' 1
A, ZVS(R+JwL+jcoC2j and
V(R+ L + : J
®
: A s J joC,
I_A_(l L R+'L+1j+ !
DU ®
joC, joC, ! joC,) o’C,C,
VS
A, joC,

Chapter 10, Solution 25.

0w=2
10cos(2t) —— 10£0°

(D

)




6sin(2t) —— 6.2£-90°=-j6
2H —> joL=j4
1 1

025F —_—> = :_'2
joC — j@u/4 !

The circuit is shown below.
4Q ij4 Q
0000

10£0° V Cf) @ T 20 ( b Cf) 6£-90° V

10+ (4— )T, + 21, =0
5=2-)I +jI,

For loop 1,

For loop 2,
21 +(j4-j2)1, +(-j6) = 0
I +1,=3

In matrix form (1) and (2) become
[2-j jT1] [5]

Ll L

Azz(l_j)a A1:5_.].33 Azzl_j?’
A=A, _

A 2(-))
Therefore, 1,(t) = 1.414 cos(2t +45°) A

IL=I-1I=

=1+j=1.414245°

Chapter 10, Solution 26.
We apply mesh analysis to the circuit shown below.

For mesh 1,
-10+40I, -201, =0
1=41,-21,
For the supermesh,
(20-3;20)1, 201, + (30+;10)I, =0
2L+ (2-12)L, + 3+ )L, =0

(1

)

(1)

)



Atnode A,
I, =1 -1,
Atnode B,
I, =1,+41,
Substituting (3) into (4)
I,=1,+4I,-41,
I, =51, -41I,
Substituting (5) into (2) gives
0=-14+4HI, +(17+33)1,
From (1) and (6),
[y [ 4 -2 T1]
o) ~[-aa+ iy 1743300,

A =40+ j4

1 -2

A =
! ‘o 17+ 3

‘=17+j3,

SA,—4A,  2+]8
L=sh -4l = =4

L 15(1+j4)

Vo =301, =

[}

=6.154.270.25°

Therefore, v, (t) = 6.154 cos(10° t + 70.25°) V

Chapter 10, Solution 27.

For mesh 1,
-40£30°+ (j10—j20)I, + j201, =0
4230°=-j1, + j21,
For mesh 2,
50£0°+ (40— j20)I, + j201, =0
5=-12I, - (4= j2)1,
From (1) and (2),
[4.230°] [ -] 2 T
s 7lp el

A=-2+47=4.472/116.56°

\ 4
2 1-(14+ j4)

)

4

©)

(6)

‘:14+j4

(1)

2)



A, =-(4£30°(4 - 2)— jl0=21.01/211.8°

A, =-15+8£120° = 4.44 £154.27°

A

I, = Xl = 4.698.£95.24° A
AZ

I, = A 0.9928/37.71° A

Chapter 10, Solution 28.
. . 1 1 .
IH — joL=j3#4, 1F —=——=-]J0.25
joC  jlx4

The frequency-domain version of the circuit is shown below, where

V; =10£0°, 'V, =20/-30° .

v I 1 ) C

V; =10£0°, 'V, =20£-30°

Applying mesh analysis,
10=(2+j3.751; —(1-3j0.25)1, (1)
-20/-30° =—(1-j0.025)I; + (2 + j3.75)I, (2)

From (1) and (2), we obtain



10 (241375 -1+j0.25) ]
~1732+i10) (-1+j0.25 2+3.75 \1,

Solving this leads to

I, =1.3602 - j0.9769 =1.6747/ -35.69°, 1, =-4.1438+j2.111=4.6505/153°

Hence,
1] = 1.675cos(4t—35.69°) A, 1y :4.651005(46+153°)A

Chapter 10, Solution 29.

For mesh 1,

S+5I1,-2+j)I,-30£20°=0

30£220°=(5+ 351, -2+ )1, (1)
For mesh 2,

G+3-j0L,-2+)L, =0

0=-C+)pL+(G-P)I, ()
From (1) and (2),

[30220°] [ 5+j5 -@+jT1,]

0 | l-@+j) 5-j3 11,

A =37+i6=37.48.,9.21°
A, = (30.£20°)(5.831£-30.96°) = 1752 -10.96°
A, = (30.£20°)(2.356.£26.56°) = 67.08.£46.56°

e

I, =—=4.67/-20.17° A

>

I,=—2=179437.35° A

>| >




Chapter 10, Solution 30.

Consider the circuit shown below.

D

40 g § 10
I, 2Q

10£0°V Cf) L —\W\——

30 § @ ~-2Q

100.£20° = (3+ j4)I, — j41, - 31,

For mesh 1,

For mesh 2,
0=-j41, + 3+ 41, - j21,
For mesh 3,
0=-3I-2I,+(5-j2)1,
Put (1), (2), and (3) into matrix form.
(3454 -j4 -3 11 10042007

i
4 3+34 -j2 |1,
A s-szLSH |
3+j4 -j4 -3

A=|-j4 3+j4 -j2 |=106+ 30
3 -2 5.2

3+j4 100£20° -3
A, = -4 0 -j2 |=(100.£20°)(8 + j26)
-3 0 5-i2

3+j4  -j4  100£20°
Ay=| -j4 3+j4 0 |=(100£20°)9+ j20)
3 -2 0

A=A, (100£20°(1- j6)
A 106+ 30

I,=1,-1,=

I, = 5.521/-76.34° A

(1)
)

€)



Chapter 10, Solution 31.

Consider the network shown below.

80 Q I, j60 Q 200
MV —/0000" MV
100£120° V (J:) @ 40~ | L) —j40Q—~ @ CJ:) 60£-30°V
For loop 1,
-100£20°+ (80— j40)I, + j40I, =0
10£20°=42- I, + 41, (1)
For loop 2,
j40I, +(j60—j80)I, + j40I, =0
0=2I, -1, +2I, (2)
For loop 3,
60£-30°+ (20— j40)I, + j401, =0
-6£-30°=j41,+2(1-j2)1, 3)
From (2),
21, =1, =21,
Substituting this equation into (3),
-6£-30°=-2(1-2)I, +(1+j2)I, (4)

From (1) and (4),
102120 [ 42— 4 T1,]
-6£-30°] |[-2(1-j2) 1+j2JL12J

8—j4 -j4
244 1432

8—j4 10-120°
2 1-2+j4 -6£-30°

A
I,=1,= f: 2.179.£61.44° A

(4]

‘ =32+j20=37.744£32°

=-4.928+j82.11=82.25.93.44°



Chapter 10, Solution 32.

Consider the circuit below.

4 Q

/0000

+
4/-30°V (T) 20 § v, | L >3V,

+

I,

T-jzgz

For mesh 1,
2+, -2(4£-30°+3V, =0
where V, =2(4£-30°-1))
Hence,
2+j4I, -8£-30°+6(4£-30°-1,)=0
4/-30°=(1-)I,
or I, =2+215°
3V, 3
I, =—7=—"72(2)(4£-30°-1))
-2 -]

I, = 3(4£-30°-22215°
I, = 8.485/15° A

_jzlo
Vo =5t = 56574750V

[}

Chapter 10, Solution 33.

Consider the circuit shown below.



4@7

5

jQ

2Q
WV
I
\

<

A
C LD
I,

b

T 21 (s §4Q

For mesh 1,

120+ (2-32)I, + 21, =0
(A-pI, +jI, =-j10

For the supermesh,

(G-I, +321, +41,-31,=0

Also,

I,-1,=2I=20,-1,)

I, =211,

For mesh 4,
I,=5

Substituting (3) and (4) into

2,

@+ = (-4+ DI, =5

Putting (1) and (5) in matrix form,
-7 i T1]

s+ a-jln]

A=-3-75,

I=1,-1, =

[-i10]
| s

A, = -5+ j40, A, =-15+85

A-A, 10-j45

A

- -3-35

= 7.906243.49° A

(1

2)

€)

(4)

©)



Chapter 10, Solution 34.

The circuit is shown below.

5Q§ I <T>3A
\WA—

-2 Q

8Q
" 0o =
40.£90° v I
= 1
40

I

20Q

j15Q

0000/

For mesh 1,

-j40+(18+3;2)I, - (8—j2)I, - (10+ 4 I, =0

For the supermesh,

(13— )1, + 30+ jI9T, — 18+ i2)I, =0

Also,
I,=1,-3

Adding (1) and (2) and incorporating (3),
-j40+5(1, -3)+(20+ 151, =0
3+ 38
=—-=1.465/38.48°
5453
=1

I, :
, = 1.465./38.48° A

IO

(1

)

3)



Chapter 10, Solution 35.

Consider the circuit shown below.

40 i2Q
A [
@
8Q 1Q -3 Q
A MA——E

av () (1) D (o

For the supermesh,
-204+81, +(11-38)1,-(9-33)1,=0

Also,
I,=1,+j4

For mesh 3,
13- DI, =81, - (1= 3)1, =0

Substituting (2) into (1),
19-38I,-(9-j3)1, =20- ;32

Substituting (2) into (3),
-O-B3) L +(13-)I; =32

From (4) and (5),
[19-8 -©-3) 1, ] [20-32]
-9-3) 13—j 1L, | j32

A=167-j69, A, =324-j148

I

2

A, 324—j148  356.2./-24.55°
A 167-3j69  180.69/-22.45°
1.971/-2.1° A

I,

(1)

2)

)

(4)

©)



Chapter 10, Solution 36.

Consider the circuit below.

40 3 Q
+
4490°A<D @ 202 v, @ CD 12£0°V
AN AN
20 20
S
N
\_/
2/0° A
Clearly,
1,=4,90°=j4 and 1,=-2
For mesh 2,
(4-P3),—21, - 21, +12=0
G-, - 8+4+12=0
LR L
2T T
Thus,

V. =2(I,-1,) = (2)(3.52 + j4.64) = 7.04 + j9.28
V. = 11.648/52.82° V

Chapter 10, Solution 37.

I

o N

N
120£-90° V()
_,b

Z=80-j35Q




120£-30°V V4

+ I5
For mesh x,
Z1, —71, =—jl20 (1)
For mesh y,
Z1y =71, = ~120£30° =-103.92 + j60 (2)
For mesh z,
—Zly 71, +3Z1, =0 3)

Putting (1) to (3) together leads to the following matrix equation:

(80 — i35) 0 (-80+ 35) (1, —il20
0 (80—j35) (-80+35) | Iy |=[-103.92+j60| —— AI=B
(—80+ 35) (-80+ j35) (240—il05) |1, 0

Using MATLAB, we obtain

-1.9165+ j1.4115
I=inv(A)*B =| -2.1806-j0.954
-1.3657 +j0.1525
I =1, =-1.9165+ jl.4115 = 2.3802.£143.6° A
I =1, -1, =-0.2641- [2.3655 = 2.3802£ - 96.37° A

I3 =-1, =2.1806 + j0.954 = 2.3802£23.63° A

Chapter 10, Solution 38.

Consider the circuit below.



I,
<&
<«

Il IZ
2/0° A (T) Q § 20 Q (f) 10.£90° V
i2Q -j4 Q
000" IS
03] (2) Drs (2) 1
A
Clearly,
I, =2 (1)
For mesh 2,
2-j41,-21,+j41,+10£90°=0 (2)

Substitute (1) into (2) to get
1-2)I,+j2I,=2-35
For the supermesh,
A+, -2, +(1-4)1,+ 341, =0

#L+ 1+ )1+ (1= )1, = 4 3)
Atnode A,

I,=1,-4 4)
Substituting (4) into (3) gives

2L +(1- DI, =20+ 3) )
From (2) and (5),

-2 2 T1,] [2-55]
2 1-jlr, ] 2+j6J

A=3-}3, A, =9-jll

A, -O9-jl1) 1 .
[ =-1, =—1= =—(-10+
o 2 A 3_]3 3( J)

I, =3.35/174.3° A




Chapter 10, Solution 39.

For mesh 1,
(28— j15)I; =8I, + j1515 =12.264°
For mesh 2,
=8I} +(8—j9)I, —jl6l; =0
For mesh 3,

j151; = jl6ly +(10+ j)I3 =0

In matrix form, (1) to (3) can be cast as

(28—-j15) -8 jLs I 12.264°

-8 8-19) —jl6 | I, |= 0 or
j15 -6 A0+ N\I; 0

Using MATLAB,

I=inv(A)*B

I; =—0.128 + j0.3593 = 0.3814.£109.6° A
I, =—

0.1946 + j0.2841=0.3443/124.4° A
I3 =0.0718-j0.1265=0.1455/—60.42° A

(D
)

€)

Al=B



I, =1; =1, =0.0666 + j0.0752 = 0.1005248.5° A

Chapter 10, Solution 40.

Let 1, =14, +1,,, Where 1, is due to the dc source and 1., is due to the ac source. For

1,, , consider the circuit in Fig. (a).

4Q 2Q
MWV MWV
y io1 3V
(@)
Clearly,
i, =8/2=4A

For 1,,, consider the circuit in Fig. (b).

40 20
A A
Ioz
o +
10£0°V C_) 4o
(b)

If we transform the voltage source, we have the circuit in Fig. (c), where 4|2 =4/3Q.

o2

2.540°A<T> §4Q §ZQ 40

©
By the current division principle,
I, = 43 (2.5£0°)
©2 " 4/34j4°

I,, =0.25-0.75=0.79£-71.56°



Thus, 15, = 0.79cos(4t —71.56°) A

Therefore,
ig =1y, +ig, = 4+0.79 cos(4t — 71.56°) A

Chapter 10, Solution 41.
Letvy,=v; +va.

For v, we let the DC source equal zero.

50 10
VW VW

+

20/0° vV, =7

-2
Vis20 Vi W

5 = 0 which simplifies to (1j—-5+5j)V; =100j
—J

V1 =2.56/-39.8" or v; =2.56sin(500t—39.8") V

Setting the AC signal to zero produces:

\% 6V

The 1-ohm resistor in series with the 5-ohm resistor creating a simple voltage divider
yielding:

v2=(5/6)6=5V.

vx = {2.56sin(500t — 39.8") + 5} V.




Chapter 10, Solution 42.

Let ix =17 + 12, where 1; and 1, which are generated by is and v, respectively. For 1; we let
1 = 6sin2t A becomes Iy = 6.£0°, where o =2.

I = .2_J4 - 6=121_J‘2 =3.724-j3.31=4.983/-41.63°
3+12+2-34 5-52
1;=4.983sin(2t — 41.63%) A
—i4 20
: [——WW\
I
3Q

For i, we transform vy = 12cos(4t — 30°) into the frequency domain and get
V,=12/-30°.

Thus, I, = & =5.38548.2° or i, = 5.385cos(4t + 8.2°) A
2-32+3+ 4

i2
‘ y IS MA
£ 3Q
=

j4

+
Vs \ -

ix = [5.385cos(4t + 8.2°) + 4.983sin(2t — 41.63°)] A.




Chapter 10, Solution 43.

Let iy =1, +14,, Where 1, is due to the dc source and 1, is due to the ac source. For

1,, , consider the circuit in Fig. (a).

4Q 20
MWV MWV
y io1 3V
(a)
Clearly,
i, =8/2=4A

For i,,, consider the circuit in Fig. (b).

4Q 20
A A
Ioz
o +
10.£0°V (_) 4o
(b)

If we transform the voltage source, we have the circuit in Fig. (c), where 4|2 =4/3Q.

o2

2.540°A<T> §4Q ;29 40

(©
By the current division principle,
I, = 43 (2.5£0°)
2 4/3+34°
I,, =0.25-j0.75=0.79£-71.56°
Thus, 15, =0.79cos(4t —71.56°) A

Therefore,
1o =1y, 1o, = 41 0.79 cos (89)(4t — 71.56°) A




Chapter 10, Solution 44.

Let vy =v| +vj,, where v; and v, are due to the current source and voltage source
respectively.

For vi, =6, S H —— joL=j30

The frequency-domain circuit is shown below.

200 [%

16 Q2 Vi

16(20 + 30)
36+ 30

V) =1,Z=(12£10°)(12.31£16.5°) =147.72265° ——  v| =147.7cos(6t +26.5°) V

Let Z=16//(20+ ;30) = =11.8+j3.497 =12.31/16.5°

For v;, ®=2, S H —— joL=jl0

The frequency-domain circuit is shown below.

16Q %)

+




Using voltage division,

(6]
___ 16 Vs:16(504,0 ) o141/-1552° — s v, =21.41sin(2t —15.52°) V
16+20+ jl0 36+ 10

\%)

Thus,
vy =147.7cos(6t +26.5%) +21.41sin(2t —15.52°) V

Chapter 10, Solution 45.

Let I, =1, +1,, where I, is due to the voltage source and I, is due to the current

source. For I,, consider the circuit in Fig. (a).

10Q 1,
1
20./-150° V 10Q /~-5Q
(a)
J10[-j5=-j10
[ _20£-150° 2Z-150°
T 10-jl0  1-j

Using current division,

-35 -5 2/£-150°

=7 ="
J10—35 15 -3

= -(1+j)£-150°

For 1,, consider the circuit in Fig. (b).

I,

10 Q2 § i10 Q T -iI5Q CT) 4/-45° A

(b)

10| 5= 10
_J _2_j

Using current division,



__-iloje-j
*-jl0/2-j)+jlo

I, =1, +1, =-2 £-105°-2~/2 £0°

I, =-2.462+j1.366 =2.816.£150.98°
Therefore, i, = 2.816 cos(10t + 150.98°) A

(42 -45°) = 2(1+ j) £ -45°

Chapter 10, Solution 46.

Let v, =v, +v, +v,, where v,, v,,and v, are respectively due to the 10-V dc source,

the ac current source, and the ac voltage source. For v, consider the circuit in Fig. (a).

6Q 2H
W\ 000"
+
1 +
V12F 7= v, C_) 10V
(@)

The capacitor is open to dc, while the inductor is a short circuit. Hence,
v, =10V

For v, , consider the circuit in Fig. (b).

w=2
2H — joL=j4
L 1 1 ’
1 _ _.
12 > GeoC  j@a/12)
+
60 § §6Q AV, 420° A 40

Applying nodal analysis,

A\ A% A% | R
4=—2+—,2+,—2=(—+l—ijv2
6 -i6 4 \6 6 4

24
V, = =21.45./26.56°
27 1-70.5



Hence, v, = 21.45sin(2t + 26.56°) V

For v;, consider the circuit in Fig. (c).
o=3
2H —— joL=j6
1 F — 1 = 1 =
12 joC  j(3)(1/12)

-j4

6Q j6 Q
M D000 —

+
12£0°V Qs YV,

(©)
At the non-reference node,
12-V, V., V,
—_—mmm + —
6 -4 j6

=10.73£-26.56°

\%
1+30.5
Hence, v, =10.73cos(3t - 26.56°) V

Therefore, v, = 10+ 21.45 sin(2t + 26.56°) + 10.73 cos(3t — 26.56°) V

Chapter 10, Solution 47.

Leti, =1, +1, +1,, where i,, i,, and 1, are respectively due to the 24-V dc source, the

ac voltage source, and the ac current source. For i,, consider the circuit in Fig. (a).

1Q  1/6F 24V Hn

MWA—€ -+ .
3]
§ZQ 4Q

(@)

Since the capacitor is an open circuit to dc,



For 1,, consider the circuit in Fig. (b).
o=1
2H — joL=j2

-F —

— =36
6 joc

1Q 460 20

I,

AMA—F
10£-30°V @ § 2Q I, 4 Q

(b)

For mesh 1,
-10£-30°+(3-j6)I, -21,=0
10£-30°=3(1-2))I, - 21,
(1)

For mesh 2,
0=-21,+(6+;2)I,
I,=3+)IL,
(2)

Substituting (2) into (1)
10£-30°=13—jI51,
I, =0.504/19.1°
Hence, 1, =0.504sin(t+19.1°) A

For 1, consider the circuit in Fig. (c).

o=3

2H —— joL=j6

1 P 1 _ 1 _
6 joC  j(3)(1/6)

_j2

1Q 20 j6 O
MA—E

I

§ZQ <T 2Z20° A 4Q

(©)




2(1-j2)

21 (1-32)=
la-2)==—
Using current division,
2(1-52)
— - (2£0°
[ - 3—32 ( )_2(1—j2)
oo 2(1-j2)  13+53
4+36+——1—
PT3n
I, =0.3352£-76.43°
Hence 1, = 0.3352cos(3t - 76.43°) A
Therefore, i, = 4+ 0.504 sin(t + 19.1°) + 0.3352 cos(3t — 76.43°) A

Chapter 10, Solution 48.

Let 1, =1, +1,, +14;, Where 1, 1s due to the ac voltage source, 1., is due to the dc

voltage source, and 1., is due to the ac current source. For 1, , consider the circuit in

Fig. (a).
o = 2000

50c0s(2000t) ——> 50.£0°
40mH —— joL = j(2000)(40x107) = j80
1 1

20uF —> - - .25
H ioC ~ j(2000)20x10°) ~
I -j25Q Tot
———c P
N
° +
50.£0° V C_) § 80 Q § 100 Q
0000° M
i80 60 O
(a)

80 | (60+100) = 160/3
[ 50 _ 30
~ 160/3+j80—j25 32+ 33

Using current division,



-801 -1 10£180°

oL 80+160 3 46.,45.9°
I, =0.217£134.1°

Hence, 15, = 0.217cos(2000t +134.1°) A

For 1,,, consider the circuit in Fig. (b).

102
80 0 § 100 O
60 Q § 24V
(b)
24

lo2 =805 60+100 - 1A
For i,,, consider the circuit in Fig. (c).
® = 4000
2c0s(4000t) ——> 2.0°
40mH —— joL = j(4000)(40x10?) = jl60
1 1
joC ~ j(4000)(20x10°) ~

20 uF ——> -jl2.5

-ji12.5 Q

I )
Q §sog  Toa

0000" Is § 100 ©Q

For mesh 1,

For mesh 2,

(1)



(80+j160—;12.5)I, —j160I, —80I, =0
Simplifying and substituting (1) into this equation yields

(8+j14.75)1, - 81, = j32 (2)
For mesh 3,

2401, - 601, —80I, =0
Simplifying and substituting (1) into this equation yields

I,=31,-15 3)
Substituting (3) into (2) yields

(16+j44.25)1, =12+ j54.125

12+ j54.125

= =1.1782./7.38°
P 16+ j44.25

I, =-1,=-1.1782/7.38°
Hence, iy, = -1.1782sin(4000t +7.38°) A

Therefore, i, = 0.1 +0.217 cos(2000t + 134.1°) — 1.1782 sin(4000t + 7.38°) A

Chapter 10, Solution 49.

8sin(200t +30° — > 8.30°, =200
5mH —— joL=j(200)(5x10%) = j
| 1

joC ~ j(200)(1x107)

ImF —> -i5

After transforming the current source, the circuit becomes that shown in the figure below.

50 30 ]
M

iQ
40.£30° V CD
T -5 Q

_40430°  40£30°
S 543+j-j5 8-
i = 4.472 sin(200t + 56.56°) A

=4.472/56.56°




Chapter 10, Solution 50.

50cos(10°t) ——> 5020°, ®=10°
04mH —— joL=j(10°)0.4x10%)= j40
1 1

joC ~ j105)(0.2x10°)

02uF —— -i50

After transforming the voltage source, we get the circuit in Fig. (a).

j40 Q
T
+
2.5/20° A CT) 200 § -i50 Q 1~ 80 Q § vV,
(@
) - 3100
Let 2Z=20|-j50=—"—"
2—-35
- 250
and V. =Q25£40°Z="—
2—-35

With these, the current source is transformed to obtain the circuit in Fig.(b).
Z j40 Q

Vi Cf) 00 v,

(b)
By voltage division,
v - 80 v - 80 - j250
o j40 "* - jl00 2
Z.+ 80+ j40 J 80+ j40 2—-35
2-]
8(-j250)
=———-=36.15£-40.6°
¢ 36—j42

Therefore, v, = 36.15 cos(10° t — 40.6°) V




Chapter 10, Solution 51.

The original circuit with mesh currents and a node voltage labeled is shown below.

I,

4.-60°V <T> % j10 Q % -j20 Q § 40 Q 1.2520° A

The following circuit is obtained by transforming the voltage sources.

I,

4/-60°V <D % i10 Q % 200 § 40 Q 1.2520° A

Use nodal analysis to find V.
4/-60°+1.252£0°= (L+L+L]V
10 -j20 40/ *
3.25-33.464 = (0.025-j0.05) V,
3.25-33.464

- —81.42+ 24.29 = 84.97 /16.61°
= 0.025— j0.05 !

Thus, from the original circuit,

- 40/30°=V,  (34.64+j20) - (81.42+ j24.29)
b jl0 B jlo
-46.78 — j4.29 ,
I, = 0 - -0.429 + j4.678 = 4.698./95.24° A

V, =50£0° 31.42+ 24.29

? 40 40
I, =0.7855+j0.6072 = 0.9928 £37.7° = 0.9928£37.7° A

Chapter 10, Solution 52.

We transform the voltage source to a current source.
60£0°




The new circuit is shown in Fig. (a).

-j2 Q
|C
AN I,

2Q

I, = 6—j12A<T> - =60 ijg (D 5./90° A

(@)

Let 7 6@+t =2C 5y
e s = W="g e —o7

V. =1Z =(6-jl2)2.4+il.8)=36—jl8=18(2— j)

With these, we transform the current source on the left hand side of the circuit to a
voltage source. We obtain the circuit in Fig. (b).

Z -j2 Q
1 |C
L 1 AN I,

O (D
L.

(b)
Let Z, =7 -2=24-j02=02(12-])
vV, 18(2-)) .
[ =—*=—"—""=15517-j6.207

°Z. 02(12-)

With these, we transform the voltage source in Fig. (b) to a current source. We obtain the
circuit in Fig. (¢).

D e T O




Using current division,
G — w 15.517—i1.207
7. T4 6.4— .2( ' 11.207)

I =5+ ﬂ.5625 = 5.238417.35°

(I +55)=

Chapter 10, Solution 53.

We transform the voltage source to a current source to obtain the circuit in Fig. (a).

-ji3 Q j4Q
|C
IN 0000°
+
540°A<T> §4Q i2Q §ZQ V, -2 Q
(a)
8
Let Z =4|12=—"—"7=0.8+]1.6

4+ 72
V., =(5£0°Z, =(5)(0.8+j1.6) =4+ 8

With these, the current source is transformed so that the circuit becomes that shown in
Fig. (b).

Z -]3Q ]4Q
|
I_I AN /m
+
Q§ q2Q v,
(b)
Let Z =7 -3=08—jl.4
1 =Y 4B 507604 46154

“Z. 08-jl4

N

With these, we transform the voltage source in Fig. (b) to obtain the circuit in Fig. (¢).
j4 Q
0000

I, (T) Zy [j 2Q § -i2Q TV,

(©)




1.6—j2.8
2.8—jl.4
V, =1, Z, =(-3.0769 + j4.6154)-(0.8571— j0.5714) = j5.7143

Let Z,=2|Z, = = 0.8571— j0.5714

With these, we transform the current source to obtain the circuit in Fig. (d).

V. j4Q
+
+ . L
Vy C_) -i2Q TV,
(d
Using current division,
2y “J205.7143) — (3.529-{5.883) V

°Z,+j4-2 7 0.8571-j0.5714+ j4— 2

Chapter 10, Solution 54.
50//(=j30) = X0 1354 122,059
50— /30

We convert the current source to voltage source and obtain the circuit below.

13.24 - j22.059 Q)

40Q 200
R V4 A A T
- + -
115.91 —§31.06V () I ()
v

- +

Applying KVL gives
-115.91 +331.058 + (53.24-j2.059)1 -134.95 + j74.912 =0

[ = 220865 10597 4 5e174 18055

53.24 - ;2.059




But —V+(40+200[+V=0 ——> V=V, —(40+j20)I

V =115.91— j31.05— (40 + j20)(—4.7817 + j1.8055) = 124.06£ —154° V

which agrees with the result in Prob. 10.7.

Chapter 10, Solution 55.

(a) To find Z, , consider the circuit in Fig. (a).

200 100
— 0000 —T—"VW\—

Zin
§10Q /< -—

()

(J20)(-j10)
20— jl0
=10-j20 = 22.36.£-63.43° O

Z.=7Z, =10+20] (-jl0)=10+

To find V,,, consider the circuit in Fig. (b).

j200Q 100
D060° AMNA—

50.£30° V Cf) 100 7= Vin

(b)

~il0
=——-(50£30° = -50£30° V

Vi,  -50£30°
Z, 2236/-63.43°

I, = = 2.236£2734° A




(b) To find Z, , consider the circuit in Fig. (c).

-j5 Q
| o
AN h
Zn
30 j100 —
©
110) (8 — 15
Zy =7, =j10]8=j5)=SDC=D)_ 14 2600

10+8—35
To obtain V,, , consider the circuit in Fig. (d).

-iSQ

1
AN

420° A CD 80 § i10Q Ve

(d)

By current division,

(4.£0°) =

32
8+ 35

[ =———
° T 8+il0- 5

i j320
vV, =jl0I, =-—-=33.92/58°V
8+ 35

V., 33.92/58°
Nz, 10£26°

= 3.392/32° A



Chapter 10, Solution 56.

(a) To find Z,, , consider the circuit in Fig. (a).

4 Q

60 0000°

M\ —
—

V/
20 —
(a)

(H)C02) _

6— j4
p-p

Zy=7,=6+]4(-j2)=6+

= 7.211/-33.69° Q

By placing short circuit at terminals a-b, we obtain,
I, =2Z0°A

V, =Z, 1, =(7.211£-33.69°)(2£0°) = 14.422./-33.69° V

(b) To find Z,, , consider the circuit in Fig. (b).

j10Q
0000

Vo
3OQ§ 609§ G5O e

(b)

3060 =20
. . (-35)(20+ j10)
Z.=7Z, =-15]20+10)=— "
N w =131 (20+10) 20+ 5

= 5.423/£-77.47° Q




To find V,, and I, we transform the voltage source and combine the 30 Q

and 60 Q resistors. The result is shown in Fig. (c).

j10 Q a
0000 .
vy In
4/45° A (D 200 § 5Q A
(© b
I, = (4£45°) = z(2 1)(4.£45°)
N 720410 5
= 3.5784£18.43° A
V., =2, 1, =(54232-77.47°)(3.578£18.43°)
= 19.4/-59° V
Chapter 10, Solution 57.
To find Z, , consider the circuit in Fig. (a).
50 -j10Q 20
\WAV— A—
Ly
j20 Q —
(@
: . (j20)(5-j10)
Z,=7Z,=2+320||(5-jl0)=2+—F""""
N =2y =2+20[[(5-jl0) =2+ T
=18—-j12 = 21.633£-33.7° O
To find V,,, consider the circuit in Fig. (b).
50 -j10Q 20
WA— € AMA—
+

60.,120° V (f) 20 Q Ve

(b)




= j2—0(6041200) = j—4(604120°)
" 510+ j20 142

= 107.3/146.56° V

V. 107.3£146.56°
NTZ, o 21.633£-33.7°

= 4.9612-179.7° A

Chapter 10, Solution 58.

Consider the circuit in Fig. (a) to find Z,, .

8§ Q Zin
jl10 Q —

-j6 Q f’\

()

j10)(8 — j6
Z, =0]18-j6) = S =50+

= 11.18226.56° QQ

Consider the circuit in Fig. (b) to find V,,,.

L, +
30 =
5/45° A (T) j10 Q Vi
-j6 Q /~
(b)
8— 36 4-733
I =—F—-(5£45° =—-(5£45°
° 8—j6+j10( ) 4+j2( )

j10)(4 — 13)(5£45°
v, o1, - U104 5245

= 55.9/471.56° V

’ (2)(2+))



Chapter 10, Solution 59.

The frequency-domain equivalent circuit is shown in Fig. (a). Our goal is to find V, and

Z, across the terminals of the capacitor as shown in Figs. (b) and (c).

3Q iQ 3Q iQ
MNA 0000 — MA l 0000
a
N +l N ym
10£-45°V (_) V, /-0 (_) 5./-60° A —

0, |

(a) (b)
30 iQ
AN\~ — el
I — F—a
+ +
10£-45°V C) Vin CD 5/-60°A  Va (D V, 75 - Q
? b
© @
From Fig. (b),
zZ, =3j=t 20+ p)
S T T A
From Fig.(c),
10£-45°-V, 5/-60°-V,
+ =
3 J
10£-45°-15£30°
th — 1_ _]3

From Fig. (d),



V, = - V,, =10£-45°-15230°

0 Zth _J th =
V, = 15.73£247.9°V
Therefore, v, = 15.73 cos(t +247.9°9) V

Chapter 10, Solution 60.

(a) To find Z, , consider the circuit in Fig. (a).

10Q -i4 Q
MV —& *a
Lin
i5Q 4Q § —
* b
(@
Zy =4|(-34+10[j5) =4[ (-j4+2+4)
Z,=4]2=13330
To find V,,, consider the circuit in Fig. (b).
10Q -j4 Q
Vi V,
MV [ .
+
20.£0°V CD % 50 (D 1204 240 Va
(b)

Atnode 1,
20—V, —L+ V, -V,
10 j5 - j4
(1+3j0.5)V,-j2.5V, =20
(1)

At node 2,



V1 _Vz V2
4 4
V,=1-)V, +jl6
(2)

Substituting (2) into (1) leads to
28—jl6=(1.5-13)V,

_28—]l6

21533

4+

= 8+5.333

Therefore,
V., =V, =9.615/33.69°V

(b) To find Z,, , consider the circuit in Fig. (c).

Zin
c l o d
10Q -j4 Q
AN IR
sS40
(c)
Z. =-i4]|(4+10]i5) = -i4 [4+ﬂ—0]
w =41 ( Il 35) =-j4| 7]
- j4

Z,, =-j411(6+ ) =—~(6+j4) = 2.667-j4Q

To find V,, ,we will make use of the result in part (a).
V, =8+j5333=(8/3)(3+j2)
Vi=(1-)V,+jl6=jl6+(8/3)(5-))

V, =V, -V, =16/3+j8 = 9.614/56.31° V




Chapter 10, Solution 61.
First, we need to find V,, and Z, across the 1 Q resistor.

4Q -i3 Q i8Q 6 Q

VW KI’WW MW

Zin
—

I

()

From Fig. (a),
(4-33)(6+]8)

Z. =(4-13)|(6+i8)= = 4.4-70.8
o = (4=133) 1/ (6+]8) 10+ 5 j
Z, = 4.472/-10.3° Q
4Q -3 0 i8Q 6Q

ANN———F——000—— W\

j16 vV CD ‘Zh CD ) A

———

(b)

From Fig. (b),
3 .]16 _‘Vth 10— Vth.
4-33 6+ 38
~3.92-j2.56
022+ 0.4

=20.932-43.45°

v _ Vi 20.93£-4345°
° 1+Z, 5.46£-8.43°
V, =3.835/-35.02°

Therefore, v, = 3.835 cos(4t —35.02°) V




Chapter 10, Solution 62.

First, we transform the circuit to the frequency domain.

12cos(t) —— 124£0° ow=1
2H — joL=j2
1
_F _—
4 > GoC
I B
8 joc

To find Z, , consider the circuit in Fig. (a).

f)lv

31,
I, 4Q v 2 Q I,
W0 «
-4 Q T~ -i8 Q ~
(a)
Atnode 1,
V. V, - 1-V,
+ + = ,
4 -j4 ¢ j2
h V., 2V, 1-V,
us 4 4 R
V, =04+j0.8
Atnode 2,
[ +31 1 1-V,
+ =——+
X (o) _j8 j2

3
L =075+0.5V, ~j2

I =-0.1+j0.425

where I =

1
Z, = - -0.5246 - j2.229 =2.29/-103.24°Q




To find V,,, consider the circuit in Fig. (b).

12£0°V C) Qs -8

Atnode 1,

At node 2,

31,

—>

L, 4Q i2Q v,

——\W\ 0000 —

1

(b)

12-V, 3 +L+V1—V2
4 ° 4 P2
24=(2+j)V,-j2V,
(1)
2 °-58
72=(6+j4)V, -3V,
(2)

From (1) and (2),

Thus,

Therefore,

247 [2+7 -2V, ]
72] 716+ j4 -j3J V2J

A=-5+i6,

A
V,=V, = XZ =3.073£-219.8°

where I, =

2 (2)(3.073£-219.8°)

V"V =
° 2+Z, "

v - 6.146./-219.8°
° " 2.673/-56.5°

v, =23cos(t-16339)V

1.4754 - j2.229

=2.3/-163.3°

12—

4

\4




Chapter 10, Solution 63.

Transform the circuit to the frequency domain.

4008(200t+30°) —> 4./30°, w=200
10H — joL=j(200)(10) = j2 kQ
1 1

SuF —— = =-1kQ
H joC ~ j(200)(5x10°) ~ !
Z, is found using the circuit in Fig. (a).
-j kQ

| .

AN "
YN
2 k0 1k = =

(@
Z,=-j+2|2=-j+1+)j=1kQ

We find I using the circuit in Fig. (b).

y In

-j kQ
|C
AN
4/30° A CT) % j2 kQ § 2 kQ
(b)
2[2=1+]
By the current division principle,
1+)
I, = —3—(4./30°) = 5.657.£75°
I+j-)

Therefore,
iy = 5.657 cos(200t + 75°) A

Z, = 1kQ




Chapter 10, Solution 64.

Z is obtained from the circuit in Fig. (a).

60§z§ ZNl §409

i80 Q T -i30 Q

(a)
Z,, = (60+40) (j80— j30) =100 'so—m
N = || (j80—j30) =100 | j =100+ 50

Z, =20+ j40 = 44.72£63.43° Q

To find I, consider the circuit in Fig. (b).

60 O § I § 40 Q
In
3.260° A (D @ N

i80 Q % I T -j30 Q

(b)
I, =3.£60°
For mesh 1,
100I, —60I, =0
I, =1.8£60°
For mesh 2,
(j80—3j30)I, — 801, =0
I, =4.8260°

I, =1,-1,=3/60°A



Chapter 10, Solution 65.

S5cos(2t) —— 54£0° =2
4H — joL=j2)4)=j8

1 1 1

_F = =—'2
4 > e T /e
1 1 1

~F

2 > GoC T j@/2) )

To find Z,, consider the circuit in Fig. (a).

2Q
MWV ]
N
-2 Q 1~ — - Q
!
(@)

Zo=-jl-p="1C"2 L,y
N 2-3 13

To find I, consider the circuit in Fig. (b).

520°V
20
=0
-i2Q y Ix - Q
(b)
5,0° .
IN = _j = JS

(©)



Using current division,
[ - Z, [ - (1/13)(2 = j10)(j5) _ 50+ 310
° Zy+i8 N (1/13)2-j10)+j8 2+ 194
I, =0.1176-j0.5294 = 0542 £ - 77.47°

Therefore, 1, = 0.542 cos(2t —77.47°) A

Chapter 10, Solution 66.

w=10
0.5H —— joL=j(10)0.5)=j5
1 1
ioC ~ j10)(10x10%)

I0mF —— -j10

Vi

w0y, %_isg >av, <D1A

(@)

To find Z,, , consider the circuit in Fig. (a).

VX VX
1+2V, = where V =

19V, vV -10+ 10

X

1+ = —> =
10-j10 j5 21452

V, 14.142/135°
Zy=Z,=—>=———""""=0,67/129.56° Q

To find V,, and I, consider the circuit in Fig. (b).

100 12£20°V

N

10V,

+ =
5 10—jl0’ °~10-il0

2 A <T> 10Q §+V0 @ % i5Q

2V0

C o

Vin

(b)



(10— j10+ ;5T — (10)(-j2) + }5(2V,) =12 =0

where V, =(10)(-j2-1)
Thus,
(10— j105)I = -188 — j20
[ 188+ j20
~ -10+ 105

V, = j5(I+2V,) = j5(211+ j40) = jL05I - 200
105 (188 + j20)

® 10+ 105
V, = 11.97£170° V

—200=-11.802+ j2.076

vV, 11.97470°
NTZ, o 0.67£129.56°

= 17.86£40.44° A

Chapter 10, Solution 67.

1003~ J5) , 128+6)

7N =71, =10//(13 =35 +12//(8 + i6) =
N =ZTh (13-35) (8+36) %5 2046

=11.243+ j1.079Q

V, = 10 —(60£45°)=13.78 + j21.44, 'V, = —(8+J§) (60£45°) = 25.93 + j454.37Q
23-35 20+ 36
Vv
Vi =V, —Vp =433.1£-1.599°V, Iy = Zih =38.34/-97.09° A
Th

Chapter 10, Solution 68.

IH ——> joL=;jl0xI=;l0

LF > - L __ 1 = -2

20 joC 0x—

20

We obtain Vy, using the circuit below.



— > a
+ +
2 10l v,
6<0° () Vo3 A1,
b

§10//(=j2) = 10D _ i 5
j

10— j2
V, =4I,x(~j2.5) = —jl0I, (1)
—6+4IO+%VO=O )

Combining (1) and (2) gives

ly= 0 Vi =V, =101, = _1150/-50.19°
4-ijl0/3 4-]j10/3

vy = 11.52sin(10t - 50.19°)

To find Ry, we insert a 1-A source at terminals a-b, as shown below.

I, 40
— > a
+
2 10 v,
V0/3 4IO 1<00

4IO+%VO =0 — I =—-2

V V
1+41, = —;2+j1_(())




Combining the two equations leads to

Vo= _12093-{1.4766
0.333+ 0.4

v
Zy =—*=12293-14770

Chapter 10, Solution 69.

This is an inverting op amp so that
vV, -Z, -R

0:_:—:—. RC
V. Z 1jec 1=

S 1

When V, =V_ and o =1/RC,

1
Vo =-j g RCV, =-jV, =V, £-90°

Therefore,

v,(t) =V, sin(ot—90°) = - V; cos(wt)

Chapter 10, Solution 70.

This may also be regarded as an inverting amplifier.
2cos(4x10%t) —— 24£0° w=4x10*
1

10nF ——> - —2.5kO
i joC ~ j@x10*)10x10°)
Vo -Zf
V., Z,
_ Z100
where Z, = 50 kQ and Z, =100k | (-i2.5k) = 7= k.
-j
Th V° _i
o5 V. 40—
If V. =200,
_j4 4/-90°

V, = = =0.1£-88.57°
° 40-j 40.01£-1.43°

Therefore,
v, (t) = 0.1 cos(4x10*t — 88.57°) V




Chapter 10, Solution 71.

8cos(2t+30°) ——  8/30°
1 1

joC  12x0.5x107°
At the inverting terminal,

0.5uF > = —jlkQ

Vo —8430°  V,-8230° _8230°
e 10k 2k

Vo (0.1+)) = 8£30(0.6+ j)

~(6.9282 + j4)(0.6 + j)
0.1+

V, =9.283,4.747°

Vo(t) = 9.283cos(2t + 4.75%) V

Chapter 10, Solution 72.

4cos(10*t) —— 4£0°, w=10*
1 1

InF —— = =-jl00 kQ
t joC ~ jao*yao®)
Consider the circuit as shown below.
50 kQ v,
AWy AL
— IO
440°V C*) 100 kKQ /=
- 100 kQ

At the noninverting node,
4-V, V 4

[

50 -jl00 ° 11405

\Y 4
L A =3578/-26.56° uA
° T 100k~ (100)(1+ j0.5) H

Therefore,
i,(t) = 35.78 cos(10* t — 26.56°) A




Chapter 10, Solution 73.

As a voltage follower, V, =V,

1 1
joC,  j(5x10*)(10x10*)
1 1
joC,  j(5x10°)(20x10)

= -20 kQ

C,=10nF —>

C,=20nF —> =-j10kQ

Consider the circuit in the frequency domain as shown below.

-j20 kQ
|
N
I, 10kQ 20 kQ Vv, I
——W\, v MA : . v,
+ . 1
Vs <:;> -j10 kKQ —~
l_’
| Zin
Atnode 1,
Vs B Vl Vl B Vo Vl B Vo
= +
10 - 520 20
2V, =GB+)V, -1+)YV,
At node 2,
V, -V, B V, -0
20 -jlo
vV, =(1+]j2)V,

Substituting (2) into (1) gives
2V, =j6V, or V., =-37V,

V, =(+2)V —(g 'ljv
1= ] o 3 .]3 s

V.-V (3)0-))
) 10k 10k )

I

(1

)



V., 30
V., 30k )
Z =I—=T=15(1+_])k

Z. = 21.21/45°kQ

Chapter 10, Solution 74.

1 1
Z =R, + Z =R, +
: ' joC,’ f > joC,
N 1
+
R A 2 e _(&j(nijzcz)
V‘Vs‘zi_R+ 1 (¢, /)\1+joR,C,
L joC,
Cl
At ©=0, A, =1
CZ
R2
As ® > ©, A, =+
Rl
JUP— | A - C, [1+jR2C2./R1C1
R,C, C, 1+]j
N W _[S ( 1+
0= =|—
RZCZ ’ ' C2 1+jR1C1/R2C2

Chapter 10, Solution 75.

w=2x10°
1 1 ~
joC,  j(2x10*)1x107)

C,=C,=1nF —> 500 kO



Consider the circuit shown below.

100 kQ
MN
-j500 kQ -j500 kQ
Vs Va \: h
1C v 1C >
1 _

Vs Cf) 100k

Atnode 1,
V., -V, _ vV, -V, . V, -V,
- j500 100 - j500
V. =(2+j5V,-j5V, -V,

Atnode 2,
Vl B Vz Vz
-j500 100
V, = (I-35) v,
But
R3 Vo

V,=——"—V,_ =
> R,;+R, ° 2

From (2) and (3),
1 :
Vi=5 1=V,

Substituting (3) and (4) into (1),
1 1
V=@ A-9V, -5V, -2V,

1
V,=7-(26-25)V,

Yo__2 0.0554./43.88°
V. 26-25 = }

N

Chapter 10, Solution 76.

(1)

2)

)

4



Let the voltage between the -jk QQ capacitor and the 10k resistor be V.

2230° Vi _Vi-Vo Vi-Vq
— jak 10k 20k

2./30° = (1-j0.6)V; + j0.6V,

v

Also,
V1 _Vo _ Vo
10k -2k

> V=145V,

Solving (2) into (1) yields
V, =0.047-j0.3088 = 0.3123/-81.34° V

Chapter 10, Solution 77.

Consider the circuit below.

R;

Y

/V\/\/ 2 ~ Ca § R,

Vs Cf) = C;

Atnode 1,
V.-V,
Rl
V. =(1+joR,C)YV,
Atnode 2,
0-V, V-V
R3 B R2

= JoCYV,

T+ joC, (V- V,)

R, .
V. =(V,-V) R_+JwC2R3

2

=)

()

2)

()



1
vV, =[1+ ; jV
(R;/R;)+joC,R, )
From (1) and (2),

2)

V, = : 1+ 2
° 1+joR,C, [ R, +jcoC2R2RJ

\% R, +R; + joC,R,R,

4]

V.~ (1+joR,C,)(R, + joC,R,R,)

Chapter 10, Solution 78.
2sin(400t) ——> 220° =400
1
joC ~ j(400)(0.5%10°)
1
ioC ~ j(400)(0.25x10°)

Consider the circuit as shown below.

0.5uF ——> -5 kO

=-jl0kQ

025puF ——

20 kQ
VW

0kQ _j5|lr(g v,
WV IC >7_. Vv,

200V C) JwkeAs ke S WA

Atnode 1,
2-V, 'V, V-V, V-V

= + +
10 -jlo" -j5 20
4=03+j0)V,-j4V, -V, ()

Atnode 2,
Vi-V, _V,
—-j5 10
V,=(1-j0.5)V, )

But
20 1 3




From (2) and (3),
1
Vi =3-(1=j05)V, 4)
Substituting (3) and (4) into (1) gives

1 4 1
4=(+j6) 5 (1-J05)V, =iz V, -V, :(l—jg)VO

24
V, =——-=3.945.9.46°
6]
Therefore,
v, (1) = 3.945 sin(400t + 9.46°) V

Chapter 10, Solution 79.

5c0s(1000t) —> 520° ©=1000

1

0.1uF ——> _ — .10 kQ
H ioC ~ j(1000)(0.1x10°)
0.2 uF ! i5 kO
. —_ = — -
K ioC ~ j(1000)(0.2x10°) ~
Consider the circuit shown below.
20 kQ
AN
'-'"ffkg 40 kQ
S W
10 KQ
/V\/\/ — Vi | }
N IC - .
V,=520°V -5 kQ P ;,’

-7
Since each stage is an inverter, we apply V, = Z—fVi to each stage.

1



_40

V, = _j?Vl
(D
and
_ -20](-j10)
TR
)
From (1) and (2),

V =

0

- 181 -(20)(-j10
(L (20)( >JSZOO
10 A 20-il10

V. =16(2+ j) = 35.78.£26.56°
Therefore, v, (t) = 35.78 cos(1000t + 26.56°) V

Chapter 10, Solution 80.
4cos(1000t—60°) —— 4£-60°, ©=1000

1
joC ~ j(1000)(0.1x10°)

0.1uF —— 10 kQ

1
joC  j(1000)(0.2x107°)

02pF —> -5 kO

The two stages are inverters so that

\Y —(ﬂ (42-609)+ 2y j(i)
°~\-jl0 ) 50 °\10

-J -2
=—-(J2)-(4£-60°)+—-=V
2(J)( ) 53

0

(1+j/5)V, =4£-60°

_4£-60°
° T 1+j/5

=3.922/-71.31°

Therefore, v, (t) = 3.922 cos(1000t —71.31°) V




Chapter 10, Solution 81.

The schematic is shown below. The pseudocomponent IPRINT is inserted to print the
value of I, in the output. We click Analysis/Setup/AC Sweep and set Total Pts. = 1,
Start Freq = 0.1592, and End Freq = 0.1592. Since we assume that w = 1. The output
file includes:

FREQ IM(V_PRINT1) IP(V_PRINT1)
1.592 E-01 1.465 E+00 7.959 E+01
Thus, I, = 1.465.279.59° A

AC=yes IPRINT

MAG=yes =
PHASE=yes —
11 20 R3
5 R1 AC=3A [~
R4 C1
H IAC
8 0.5 L2
10L R2
ACMAG=40V V1 § 154
A
ACPHASE=90

10H§ L1
.

Chapter 10, Solution 82.

The schematic is shown below. We insert PRINT to print V, in the output file. For AC
Sweep, we set Total Pts = 1, Start Freq = 0.1592, and End Freq = 0.1592. After
simulation, we print out the output file which includes:

FREQ VM(SN_0001) VP($N_0001)
1.592 E-01 7.684 E+00 5.019 E+01



which means that V, = 7.684.,50.19° V
AC=yes L1
MAG=yes VYV e
PHASE=yes 2
- @ NN ———
ACPHASE=0 4
ACMAG=12V G
2 § R2 0.25L C1 1 ]
"‘::__}1 GAIN=0.2
0
Chapter 10, Solution 83.
. . 1000
The schematic is shown below. The frequency isf = w/2n = 5 =159.15
T
| I
DR Ié.ﬁ(:;o_k_ -
A S - MAG=pk - -
2. .. .| .  PHisE=ok

AL

*cJ




When the circuit is saved and simulated, we obtain from the output file

FREQ VM(1) VP(1)
1.592E+02  6.611E+00 -1.592E+02
Thus,

Vo= 6.611c0s(1000t —159.2°) V

Chapter 10, Solution 84.

The schematic is shown below. We set PRINT to print V, in the output file. In AC
Sweep box, we set Total Pts = 1, Start Freq = 0.1592, and End Freq = 0.1592. After
simulation, we obtain the output file which includes:

FREQ VM($N_0003)
VP($N_0003)
1.592 E-01 1.664 E+00 -1.646
E+02
Namely, V, = 1.664/-146.4° V
Chapter 10, Solution 85.
AC=yes
* Itlm PHASE=yes
1 N
91 MAG=yes
@
05 1, GAIN=2 ;
T R1 2
. ]
AC=3A91p-014 2.228E+00  -1.675E+02
R2 §1
1A
;9 L
0




L "—"ﬁ MAG=yes
1 . .. PHASE=ok |
.. o J o L AC=yes |
o B Jgam=aes D]
. I L I [ .
w2 5] g |
.. . - . ... P it
zZ . CRT ?..Cﬂ,.. o .
Ay 3 “—?... .....
4 1 . e o
oA § L
= F4 Z
Eﬂ*@.. L
PR L_J-l ,1 .....
1A . L

Chapter 10, Solution 86.

We insert three pseudocomponent PRINTSs at nodes 1, 2, and 3 to print Vi, V,, and V3,
into the output file. Assume that w = 1, we set Total Pts = 1, Start Freq = 0.1592, and

End Freq =0.1592. After saving and simulating the circuit, we obtain the output file
which includes:

FREQ VM(SN_0002)
VP($N_0002)
1.592 E-01 6.000 E+01 3.000
E+01
FREQ VM(SN_0003)
VP($N_0003)
1.592 E-01 2.367 E+02 -8.483

E+01



FREQ VM($N_0001)
VP($N_0001)

1.592 E-01 1.082 E+02 1.254
E+02
Therefore,
Vi = 60£30°V V, = 236.7/-84.83°V V; = 108.22125.4°V
R1
AN
8
MAG=yes MAG=yes
MAG=yes PHASE=vyes PHASE=yes
PHASE=yes L AL, =
IIIIIJI VYTV T e VYTV Y .
10 10 "
V1 0.25—+ C1
ACMAG=60V @ ' 0.25—= C2 AC=4A
ACPHASE=30 ‘. ‘IAC
t
M
Chapter 10, Solution 87.

The schematic is shown below. We insert three PRINTS at nodes 1, 2, and 3. We set
Total Pts = 1, Start Freq = 0.1592, End Freq = 0.1592 in the AC Sweep box. After
simulation, the output file includes:

FREQ VM(SN_0004)
VP(SN_0004)
1.592 E-01 1.591 E+01 1.696
E+02
FREQ VM($N_0001)
VP($N_0001)
1.592 E-01 5.172 E+00 -1.386

E+02



FREQ VM(SN_0003)
VP(SN_0003)

1.592 E-01 2.270 E+00 -1.524
E+02
Therefore,
V), = 15.91/169.6°V V, = 5.172/-138.6°V V; = 2.27/-152.4°V
L1
MAG=yes erI\EAG= es MAG=yes
PHASE=yes 10 PHASE=yes PHASE=yes
C1 R1 R2
| |
11 A A
» 025 2 1 IAC
8§ L R3 6 L2 !
AC=4/@ = 05-C2 @m
12
IAC
%

Chapter 10, Solution 88.

The schematic is shown below. We insert IPRINT and PRINT to print I, and V, in the
output file. Sincew=4,f = w/2n = 0.6366, we set Total Pts = 1, Start Freq = 0.6366,
and End Freq = 0.6366 in the AC Sweep box. After simulation, the output file includes:

FREQ VM($N_0002)
VP(SN_0002)
6.366 E-01 3.496 E+01 1.261
E+01
FREQ IM(V_PRINT2) IP
(V_PRINT?)
6.366 E-01 8.912 E-01

-8.870 E+01



Therefore, Vo, = 34.96/212.6°V, I, = 0.8912/-88.7° A

Vo = 34.96 cos(4t + 12.6°)V, i, = 0.8912cos(4t - 88.7° )A
MAG=yes
'PRT MAG=yes PHASEZyes
R1 ci E?ASE'YES L1
A | = It
vi 4 2om _2 = 10 i
6V @ E1_ | GAIN=4 R2  26m—
F o1
L O
GAIN=0.5 o

Chapter 10, Solution 89.

Consider the circuit below.

Ry Vi R, ) R; V. C s R4
MWW W WW
Iin
— ~ ~ Vin
+ +
Atnode 1,
O_Vin _ Vin _V2
Rl - R2
V. +V Ry V. 1
- .+ = .
in 2 ]K1 in ( )
At node 3,
V,-Vi V-V,




vV, -V,

-V +V,=—"——2%
" 4 JoCR,
From (1) and (2),
V. +V R,
-V. + =
in 4 _](DCR3R1 in
Thus,
I _ Vm _V4 _ RZ

Z = # = = 1 L
" Iin RZ J(D
n L R,R;R,C
where eq = R,
Chapter 10, Solution 90.
Let Z,=R| __R
© * 1 joC 1+ joRC
7 —R 1 1+ joRC
= —+ =
’ joC joC

Consider the circuit shown below.

2)



Z, R,

V, = V, V,
7,.+7, R, +R,

R
vV, 1+ joC R,
V. R +1+jcoRC_RI+R2
I+ joC joC
joRC R,

" joRC+(1+joRC)Y R, +R,

vV joRC R,

V. 1-0’R*C?+3oRC R, +R,

1

vV
For V_ and V; to be in phase, 7" must be purely real. This happens when

1

1-0*R*C* =0
@=pr=2n
o 1
o " 2nRC
At this frequency,
vV, 1 R,
A = =
YV, 3 R/ +R,

1

Chapter 10, Solution 91.

(a) Let V, = voltage at the noninverting terminal of the op amp
V,_ = output voltage of the op amp
Z,=10kQ=R,

1
Z. =R+ jolL+——
s I joC

As in Section 10.9,



v, Z, R,

Voo ZitZy RUR.4jel-
oC

v, oCR |

V., oCR+R,)+j(@LC-1)

(4]

For this to be purely real,
1

®’LC-1=0 —> o =—7—

° °JLC
S 1

° 2nVLC  274/(0.4x107)(2x107)
f = 180 kHz

(b) At oscillation,
vV, o, CR R,

V. ©,C(R+R,) R+R,

(o]

This must be compensated for by
V 80

A==l =5
TV, T 0

R, R =4R, = 40 kQ
R+R, 5 = e~

Chapter 10, Solution 92.

Let V, = voltage at the noninverting terminal of the op amp
V_ = output voltage of the op amp
Z =R,
Z, - joL | ——||R - —
p TR c IR T I~ oL+ jR(@LC-1)
—4+joC+—
R JoL
As in Section 10.9,
oRL
vV, Z,  oL+jR(@LC-])
V, Z,+Z, R oRL

+
° oL+ jR(w’LC-1)



v, oRL
V, oRL+oR,L+jR R(w’LC-1)

(o]

For this to be purely real,

(a)

(b)

1

2n+/LC

olLC=1 —> f =

Ato=0,,
vV, o, RL R

V., oRL+w,R,L R+R,

This must be compensated for by
\Y% R, 1000k

f

(o]

2m,J(10x10°)(2x107)
f = 1.125 MHz

Chapter 10, Solution 93.

As shown below, the impedance of the feedback is

joL

1 1

joC, T jeC, T

T ———

1 1
Z,=——||joL+



_ ()

- -1 a2

J oL+ ] J(C, +C,-o’LC,C,)
oC, oC,

-J . -] 1

L+ il
oC, (Jw coCzj —oLC,
Z,=—

In order for Z, to be real, the imaginary term must be zero; i.e.
C,+C,-w)LC,C, =0
2 _ C, +C, _ 1
° LCC, LC;
1

b= onic,

(V)

Chapter 10, Solution 94.

If we select C, =C, =20 nF

GG, G
= =7 =10nF
C,+C, 2
, 1
Since | =
4 /LC,
L 1 : 10.13 mH
= = = . m
(2nf)’C;  (4m)(2500%x10°)(10x107)
X, = L 1 =159 Q
© oC, (2n)(50x10°)(20x10°)
We may select R, =20kQ and R; >R;, say R; =20 kQ.
Thus,
C,=C,=20nF, L=10.13mH R; =R, =20kQ

Chapter 10, Solution 95.

First, we find the feedback impedance.

Zy
L, % L % —




) ) 1
Z, = joL, ||(J03L2 +Jw—cj

| o
J“)LI(J(”Lfmcj ©’L,C(1-oL,)

J T j@C(L,+L,)-1)
oC

Z,=

joL, + joL, -

In order for Z.. to be real, the imaginary term must be zero; i.e.
®.C(L,+L,)-1=0

1
P T T, + L)

1

f =
* 21 /C(L, +L,)

Chapter 10, Solution 96.

(a) Consider the feedback portion of the circuit, as shown below.

joL v R

1 V2
0000° M\
Vo Cf) R § % oL
joL R + joL
V,=—""7"-V, —> V,=—"7-77, (D
R+ joL JoL

Applying KCL at node 1,
Vo — Vl \ \
So 1 _ N, N
joL R R+ joL

) 1 1
V,-V,=jolLV, [E—I-mj



V,=V

0

2)

From (1) and (2),
R + joL j20RL — @*L?
V, =|— 1+ ; vV,
JoL R(R + joL)

(1 , 20RL- oasz)
"7 RR+joL)

V, R’+joRL+ j20RL - ’L?

(4]

Vv, joRL
Yo 1
V, . R’-e’L’
3+.7
JoRL
Vv, 1

V. 3+j(@L/R-R/oL)

[¢]

\%
(b) Since the ratio — must be real,
oL R

R oL

2

(©) When o =o

This must be compensated for by A, =3. But

R2
A =1+—=3
Rl

R, = 2R,



