Engineering Circuit Analysis 9" Edition Chapter Ten Exercise Solutions

() 55in(5t—9—ﬂj, £=0,0.01,0.1s:
180

-0.78; -0.53; 1.7

(b) 4cos2t, t=0,1,1.5s:
4.0,-1.7,-4.0

(©) 3.2cos(6t+15—”j, t=0,0.01,0.1:
180

3.1,3.0, 2.1
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(a)
300sin 628¢ :|3OO cos(628t —90°);
4sin(37t +30°) =4 cos(37t +30°-90°) =|4 cos(3zt —60°);
145sin(507 —5°) —10cos 50t = —10cos 507 + 14 [cos(—5°) sin 50¢ —sin(—5°) cos SOt]
=—-10c0s50¢ +13.95sin 50¢ +1.22 cos 50¢ = —8.78 cos 50¢ +13.95sin 50¢
= \]’(8.78)2 +(13.95)° cos(SOt +tan”™' %) =16.48 cos(50¢ +57.8°)
(b)

2cos(100z +45°) = 2sin(100z + 45° 4+ 90°) =|2sin(100z +135°);

3co0s4000¢ =|351n(4000¢ 4 90°);

5cos(2t —90°)+10sin(2¢) = Scos(2t —90°) + 10 cos(2t —90°) =[15 cos(2¢ —90°)
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v, =10cos(107 —45°)
(a) i, =5cos10¢t .. |v, leadsi by —45°

(b) i, =5cos(10£~80°) .. |v, leads i by —45—(-80)=+35° |

(¢) i, =5cos(10r-40°) .. | v, leads i by —45—(-40) =-5° |

(d) iy =5cos(10¢+40°) .. | v, leads i by —45—40=—-85°

(e) iy =5cos(10£=19°) .. [ v, leads i by —45—(~19) =-26°]
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v, =3cos(10°#—5°) lags
(a) 5c0s10%t by 0—(=5)=[+5°

(b) Scos(104-14°) by —14—(=5)=-9°

(c) Scos(10%1=23°) by —23—(-5) =|-18°

(d) 5cos(10%¢+23°) by 23— (-5)=p8°

(e) sin(10%7-390°) =5cos(10*7-30°-90°) by —120—(-5)-115°
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(a) cos4t =sin(4t+90°) so|sindt lags cos4t (by 90°)

(b) [cos(4r—80°) lags cos4t (by 80°)

(c) [cos4t lags cos(4t+80°) (by 80°)

(d)
—5sin 5t = 5sin(5¢ +180°) = 5 cos(5¢ +90°)

SO
| cos(5¢+2°) lags —5sin5t| (by 90—2 = 88°)

()
sin 5¢ + cos 5t = /2 cos(5¢ + tan ' (—1)) = \/2 cos(5¢ — 45)
Which|neither leads nor lags |cos(51 —457)!
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(a)
cos 3t —7sin 3t = 1+49 cos(3t + tan”' 7) = 7.07 cos(3t + 81.9°)

8197 =«

=0at3r+81.9°=3¢+ =—n,n=13,5,..
0 2

or|t=0.04715,1.09s,and 6.42 s |

(b) already a single sinusoid so zero at 10¢ +45° =10¢ +45—7[ = zn, n=13,5,..
ort=0.0785s,0.393 s, and 0.707 s

(©)

cos 5t —sin 5t =+/1+1cos(5¢t+tan"' (1)) = \/Ecos(St +45°)

—0at5t+PF _F =135
180 2

011t= 0.157 5,0.785 s, and 1.41 s |
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(a)

Chapter Ten Exercise Solutions

cos 3t —7sin3t =/1+49 cos(3¢+tan"' (7)) = x/%cos@t +81.9°)

=1 at cos(3¢+81.9°)=0.1414
or

81.97

3t+ =1.429
0

Solving, t =—1.42x10"*s, which is not a valid solution.

Adding 27,

81.97

3t=1429+2rx - , or|t =2.094 s
180

Adding 47,

81.97

3t=1429+4r - ,o11t=4.189 s
180

cos(10¢ +45°) =1
or

10¢ =cos™' (1) —45°

Solving, t =-0.0785 s, which is not a valid solution.

Adding 27,

10£+45°=0+27x, o1 =0.5498 s

Adding 47,
t=1.178s

(b)

»> t = linspace(0,5,100);

== £l = cos(3%tC)-Ti=2in(3%t);

=> £2 = cos(lO*t+45*pi/180);

> plot(t,£1l,"c.',t,£2, 'b-");legend; xlakel ('t (=)'}

i >> |
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_ g 1=0
8. @00 05,1): v=0=

Thus, v(0.25) = 2(0.25) =0.50 V

0 (t—0) or w(r)=2t

(b)
w(t) = iz sin 7t
T
so v(0.25) = %sin 0.257=|0.573 V
V4
(c)
8 (. 1. I .
V(1) ® — | sin 7zt ——sin 37t + —sin 57t
V4 9 25
8 (. 1. I .
50 v(0.25) = —| sin0.257 ——sin0.757 + —sin1.257 |=|0.487 V
V4 9 25
(d.e.,f)
\l‘l\'\ \‘l\"\
\ \
\ 1
02f A\
tis)

»>» T = linspace(0,3,500);

=» £l = (&8/pi™Z)*sin(pi*t):
»> £2 = (B/pi™2) * (sin(pi*t)-(1/9) *sin(3*pi*t));
»» £3 = (B/pi~Z)*(sin(pi*t)—(1/9) *sin(3*pi*t)+(1/25) *sin(5*pi*t));
=» plot(t,f1,t,£2,t,£3) rxlakbel ('t (3)"):
B o= |
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(a)

1

B 17, 5 2

V. —{?jo V' cos (a)t)dt}
1
VT2 2
_ﬁU‘) V' cos (a)t)dt}

with u = ot and du = wdt

1
. 1 . 27 | 5
Vims = & Uz cos’ u a’u}2 _ L l(erstu) _ L 1(2_”+0_0_0j
NT L0 NT | 27\ 2 4 ), NT |27\ 2

y

m

2

(proof/derivation)

(b) 110 Vims corresponds to 1 102 =[156 V peak

115 Vims corresponds to 115J2 =163V peak

120 Vms corresponds to 12042 =170 V peak
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10. Find the Thévenin equivalent by removing the inductor.
(a)
1 4.53
Vyy =—Vv, =——co0s(30¢t) V
TH 1 1 s 1 1 ( )

RTH=10HI=%Q

From Eq.[4],
oL

— 1

'L - m —tan~
i,(t) —— cos(a)t an J
( '5%1) -1 (30)(0.003))

= cos| 307 —tan

2 10/11
\/G(l)j +0.0081

=0.451cos(307 -5.65°) A
So, i,(0)=0.451cos(—5.65°) =| 0.449 A

(b)

di
v (t)=L—*+
(=15
=—0.04065sin(30t —5.65°) V

=0.04065in(307 +174.35°) V  (if positive magnitude desired)

=—(0.0003)(0.451)(30)sin(307 — 5.65°)
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11. Find the Thévenin equivalent after a quick source transformation. So,
V.. =(25co0s100z)(1) 2 =12.5c0s100¢ V and R, =1]|1=2 Q
I+1+2
From Eq. [4],
. v, L oL
i()= mcos(ax —tan ?J

12.5

1
cos| 1007 —tan™ —]
J1+1 ( 1

8.84 cos(100f —45°) A
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Engineering Circuit Analysis 9" Edition Chapter Ten Exercise Solutions

Find the Thévenin equivalent after a quick source transformation. So,

2

V. =(25c0s100%)(1
e = ( )()1+1+2

=12.5¢c0s100¢ V and R, =1||1=2 Q
From Eq. [4],

. 4 L, oL
i, (t) = ==2==cos| ot —tan =

VR + o’

12.5 cos (IOOt —tan™ %j

J1+1

=8.84c0s(100¢ —45°) A

di, . . .
v, =L =L =-10x107(8.84)(100)sin(100; —45°)
= —8.845in(100f — 45°) = 8.845sin(100¢ +135°) V

This is also the voltage across the 2 Q resistor, so

2
P, = %L - %(8.84)2 sin®(100¢ +135°)

39.1sin’(100¢ +135°) W
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3cosdt =v,. +5i,

where

. dv,

i, = R

Thus, 300s4z‘:vc+10di

With v.(t) =V, cos4t +V, sin4t,
dv,

— =4V, sin 4t + 4V, cos 4t

and so

V. cosdt +V, sin4t + 40V, cos 4t — 40V, sin 4t =3 cos 4¢

We now can obtain two equations in our two unknowns:
V,+40V,=3 [1]

40V, + V,=0 [2]

Solving,

V,=0.00187 V

V,=0.0750 V

Thus,

v (t) =0.00187 cos4¢ +0.0750sin 4¢ = \/(0.00187)2 +(0.0750)” cos [41‘ +tan™' %j

0.075 cos(4¢ —88.6%) V
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Engineering Circuit Analysis 9" Edition Chapter Ten Exercise Solutions

3cosdt =v. +5i.

where
i —cde
¢ dt
Thus, 3cosdt = v, +109%€
dt

With v.(t) =V, cos4t +V, sin4t,
e _ 4y sindr+ 47, cosdr

dt
and so

V, cosdt +V, sin4t + 40V, cos 4t — 40V, sin 4t =3 cos 4¢

We now can obtain two equations in our two unknowns:
V,+40V,=3 [1]

—40V,+ V,=0 [2]

Solving,

V,=0.00187 V

V,=0.0750 V

Thus,

ve(t)=0.00187 cos 4t +0.0750sin 4¢ = \Ji’(0.00187)2 +(0.0750)° cos (4t +tan™’ %j

=0.075cos(4t —88.6°) V

Since

w () = %Cvé = (%)(2) [0.075 cos(41 —88.6%)]°

=0.0563cos’ (4 —88.6%) ]

Att=0.785s, w. =2.94 uJ
and
Att=1.57s,w.=2.54 uJ
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Engineering Circuit Analysis 9" Edition Chapter Ten Exercise Solutions

KCL yields

v
cos6t+0.2i, =i, +-L%
L L 10

where

di
v, =L—L
b dr
50

di
cos6r=0.8;, +0.5—=% [1
L " [1]

i,(t)=1 cos6t+1,sin6t
%:—611 sin 6¢ + 61, cos 6t [2]

Substituting Eq [2] into Eq [1],

cos 6t = 0.8/, cos6¢+0.81, sin 6t + 31, cos 6t — 3/, sin 6¢

We can use this to generate two equations in two unknowns:
0.87,+31, =1

-37,+0.87,=0

Solving,

1,=0.083 A

1,=031A

Thus,

i, (t)=0.321cos(6¢—-75°) A

Then,

v, = % =—(0.5)(0.321)(6) sin(6t — 75°)
=-0.963sin(67 —75°) = 0.963sin(6¢+105°) V =v,

Hence,

P, = %vi = 0.0927sin’ (61 +105°) W
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(a) 50cos(~75°) + jsin(=75°) ={12.94 — j48.30

(b) 19.£30° =

16.45+ /9.5 |

(¢) 2.5/-30°+0.5,45°=2.52— j0.896 |

(d) (2+,2)(2- j2)=8+ 04820 ]

(e) (2+,2)(5422°)=(2.83£45°)(5£22°) =[14.15£67° |
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(a) 1+e/* =1+1245°=1+0.707 + j0.707 51.85./22.5°

(b) —j(J) =+J
(c) 32

(d) 2—e* =2-1,45°=2-0.707— j0.07 =[1.293— j0.707 |

) —j+5£40=—j+5=5—
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Engineering Circuit Analysis 9" Edition Chapter Ten Exercise Solutions
(a) 48— j8) = (4.£0)(11.312 —45°) =[43.25£ —45° |
(b) 4£5°—2./15° =398+ j0.349~1.93— j0.518
(€) 24 /9—5/0=2+ j9—5=—3+ j9={9.49./108° |

(d)

=] 340040=—JU0ZID) 5 40000
10+ /5 10+ /5)(10— j5)

=0.04—-,0.08—-2.30—-j1.93+2=2.04£-99.6°
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(a) 3(3£30°) =9.£30°=[7.79+ j4.5

(b) 2£25°+5./—10°=1.81+ j0.845+4.92— j0.868 =[6.73 — j0.023

(c) 12+ j90—5.30°=12+ j90—4.33+ j2.5=[16.33+ j92.5

10+‘]_5+2460°+1=1.15+j0.769+1+j1.73+1 3.15+ ;2.5

@~

Copyright ©2018 McGraw-Hill Higher Education. Permission required for reproduction or display. All rights reserved.



Engineering Circuit Analysis 9" Edition Chapter Ten Exercise Solutions

20. (a)
_3O1L563 ) 0126304

2+ 3
1.8£90°

1.8290°
=1.798+ j0.889-452.37/158°

10£25% | 3215, /35010514740
5/-10° 3—5
(b) =1.64+ j1.15+0.142 + j0.494 =1.782 + j1.644

—2.42/42.7°
S _[ 229 3, 900)4
1/ -45°

(I_J)(1+J)+1(34_900)+
i 1£-45° \1£-90°

(c) —J
=9/0+1/138°=8.32/4.87° =[8.29+ j0.707

1.290°
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5sin20t V — 5¢/*" V
KVL: -5¢*" +5i. +v.=0

e _g 3%,
t dt

where i. =
Thus,

ch 720t
5(0.13)74‘\%:56 [1]
Substituting
v =V o/ (200+4)
into Eq. [1],
5(0.13)V, (j20)e’ P + 1 /) = 5072
13V, +V, )e/ "9 =567
Solving for V,
V N1+13° =5 or ¥, =0.383V

and

¢+tan”' ? =0..9=-85.6°

v (1) =0.383sin(207 —85.6°) V
Thus, and

i = ‘%C = (0.13)(0.383)(20) cos(20¢ — 85.6°) =/0.996 cos(20¢ —85.6°) A
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Engineering Circuit Analysis 9" Edition

i =2cos5t A—>2e”" A
di

v, =2( —-i,)=L—*%

L (s L) df

50

i,

4’ =2, —0.4
dt

=0
Using
i (=1 e

— 7 J(5t+¢)
—==j5I e

dt
and substituting into our circuit equation,
21" + j21 /O =47
Next, we note that
I N2 +2°=4,501, =141A
and

¢+tan™' (%j =0..¢=-45°

Finally, we may write

i, (1) =1.41cos(5t —45°) A

Chapter Ten Exercise Solutions
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23. i, =1.8¢/%"%) 's0 we may write:
2Imej(5l+¢) +]21mej(5t+¢) — I'Sej(51+26.6°)
Note that

27422 =181, =0.636 A
¢+tan”' (%j =26.6° 50 ¢ =—18.4°

Consequently,

i, (t)=0.636c0s(5t—-18.4°) A
di,
dr
=1.272cos(5t-18.4°) V

and

v, (1) = L =L = 0.4(0.636)(5) cos(5¢ —18.4°)

() =i,(1)+ VEL = 0.636cos(5t —18.4°) +0.636 cos(5¢ —18.4°)

1.272cos(5¢-18.4°) A
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24.

. __ Jj(25t+¢)
i, =1¢e

5sin(35¢t—-10°) A — 57057100 A

i, =5/ —j [1]
where
i =% o019
dt dt
v =6, +v, =6i +04%%c
SO
De

= 6(j35)[mej(35t+¢) + 0'4(j35)ej(35t+¢)
t

and Eq. [1] becomes
Note that [ e/ =5¢/C%10 _ 9 1] /O3 4 4 9e/33+9)
Thus,

1
5=1,[(1-497+(2.1 P or I,=5/4429=1.13A

and

~10°=¢@+tan™" (%J or ¢=-38.3°

Finally,

i,(1)=1.13cos(35¢+18.3°) A F 1.13sin(35¢ -162°) A
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(a)[2820 ]
(b) 32£(-90°—90°) =
(c) 1.£(45°—90°)

(d)
5¢0s10¢+8cos(10 +45°) = 5cos10¢ +8[cos 45°cos 107 —sin 45°sin 10¢]

=5cost+42 cos10f — 42 sin10¢ = (5 +4+/2) cos 10¢ — 42 sin 10¢

- \/(5+4«/5)2 +(4«/§)2 cos£10t+ tan ™! p j:f/i ]

={12.1cos(10¢ +28°) |
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(@)[11£-90° ]
(b)[1120 |
(©[11£-90° |

(d) 3cos100z —3sin100¢ = Acos [IOOt +tan”' g] =4.24 cos(100z +45°)
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o=2xf =27x(1000) = 6280 rad/s

(a) 9£65° V —(9co0s(6280¢ +65°) V

2/31°
4.,25°

A =0.52£6°—0.5c0s(6280¢ +6°) A

(b)

(©)
22/14°-8/33°V = 21.35+ j5.32-6.71- j4.36 =14.64— j0.96

=14.67£-3.75°V
—514.67 cos(6280t —3.75°) V

Copyright ©2018 McGraw-Hill Higher Education. Permission required for reproduction or display. All rights reserved.



Engineering Circuit Analysis 9" Edition Chapter Ten Exercise Solutions

(a) 2L y=224£7266° 1 s 16y
5.,45° 5.,/45°
6.£20°
—jV =0.006220°— j =0.00564+ j0.00205 —
(b) 1000 7 / / /

=0.00564 — j0.998 =0.998 £89.7° V

(©) (j)(52.5£—-90°) = (1£90°)(52.5.£—90°) 4 52.5£0 V
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f=50Hzso w=2xf=314 rad/s

(a) 2= 223272667 4 pue 7160V
5./45° 5/45°

Thus,

W(t) = 0.448 cos(314¢ —71.6%) V

1(0.01)=—0.141 V

(0.025) = 0.426 V

2/31°
4.,/25°
Thus,
v(t) =0.998cos(314¢—-89.7°) V
v(0.01) =-0.00364 V
v(0.025)=0.998 V

(b) =0.998./—-89.7° V

c
“ (j)(52.5£-90°)=52.520

SO

v(t) =52.5cos(314t+0)=52.5cos314t V
and
v(0.01)=-525V
v(0.025)=0.209 V
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f=50Hzso w=2xf=314 rad/s

(@)
V(t) =9cos(314¢ +65°) V

v(0.01)=-3.82 V
(0.025) = -8.14 V

(b)
i(t)=0.5c0s(314¢+6°) A

i(0.01) =—0.497 A
i(0.025) = —0.050 A

()
v(t) =14.67 cos(314t —3.75°) V

v(0.0))=—14.6 V
(0.025)=1.02 V
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w=5rad/s; 1 =220 mA

(a) V=(1000)(0.002£0) =220 V|

(b) C=0.001 F

| 0.002£0 0.002£0 0.4/ —90° V]

~oC j(50.001)  0.005./90°

() L=10°"H
V = joLl = j(5)(107°)(0.002.20) 510 £90° V
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32. o=1rad/s

(a) If V,=1£30°V,R=1Q, thenl,=1.=1I, =[1./30° A

(b)
V, = joLl = j(1)(DI = (1£90°)(1.£30°) = 1.£120° V

I 1430°
“ jeoC 1)

Ratio = 1230 = 1230 =[0.667 £ —-89°

1£120°+1£-60° 1.5£119°

=(1£30°)(1£-90°) =1£-60° V

(©)

w=2rad/s ..
V, =2/120°V
V.=0.5£-60°V

1£30° 1£30°

= =(0.662£-103°
2/130°+0.5£-60° 0.51£133°

Ratio =

Copyright ©2018 McGraw-Hill Higher Education. Permission required for reproduction or display. All rights reserved.



Engineering Circuit Analysis 9" Edition Chapter Ten Exercise Solutions

®=314rad/s. I=10£0 mA = 0.01£0 A

(a) 2Q: V, =21=[0.0220V

I 0.01£0

(b 1F: Ve “jeC  j(314)(1)

=3.18x10°/-90° V

(¢) 1 H: V, = joLl = j(314)(1)(0.01.£0) =[3.14.290° V

(d)2Q,1F:
V,=0.0220V
V. =3.18x10"£-90° V
Ve = Vi + V. =0.02£-90° V

() 2Q,1H:
V,=0.02£20V
V, =3.14290° V
Vi =V, +V.53.14290°V

H
v,(0) = 0.02cos(0) =0.02V
v, (0)=3.18x10" cos(—90°) =|0 V
v, (0) =3.14c0s(90°) =0V
Ve (0) = 0.02c0s(=0.09°)  =0.02 V
Ve (0)=3.14¢0s(89.6°)  =0.0219 V
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I,,=0.002242° A
1=0.00141£-3° A

34.

(a)
I,-T=1I,,=0.00141/86.6° A
V,., =251, =0.0354£-3°V
V,., 0.0354./86.6°

= =25.1/89.8° Q)
L., 0.0354/-3°

Since the voltage leads the current by essentially 90°, it is|likely an inductor.

jwL =25.1/90°

(b) wL=25.1

SO

251 251
1000

25.1mH
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35.  1,=4/35°A;V=10,35°V; 1=2/35° A

(a) No phase shift exists between 119 and V, so the element is likely a simple resistor:

R=—-= =—=P50

(b)
L, =1, -1=4/35°-2/35°=2/35° A

V,. =25(2£35°) =50/35° V
V. =101,,+ V +V,, =40/35°+10£35°+50./35°
100/35° V
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(@) Z,, =[1+—— Q

(b)

(©)

Engineering Circuit Analysis

1
Jj2w

»» w=logspace (-1,2,500)
Zeq = 1 + 0.5/i./w:
Zmag=abs (Zed) !
Zang=angle (Zeq) *180,/pi;

=> semilogx(w, Zang) ;xlabel('w
I

9t Edition

(rad/=s) ") ,vylabel ("angle

55

451

361 \

|1Z] ohms
e

25|

15}

107" 10°

w (rad/s)

10" 102

-80

107" 10°

w (rad/s)

10" 102

(2}

Chapter Ten Exercise Solutions

degrees');
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37. @ =20 rad/s
(a) We have 1 kQ || 1 mH:
Z,=1000 Q2
Z, = joL = j(20)(107) = j20x107 Q

. -3
= (1000)(‘]‘20><10_3) _b.o2.90° 0
1000+ j20x10

(b)
1
Z, = joL+——= j(20)(1)+— =19.5.290° O
JjoC J(20)(D)
_ (00195290 o7
¢ 10+19.5.290°
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38. (a)
Z, = joL = jw(0.01)
_ ()(jw0.01) [ /0.0l
“ 1+ j0.0lw |1+ ,0.0lw

(b) »>» w=logspace (0,5,500);
»» Zeqg = 1%0.01%w./ (1+i*0.01%w) ;
»» Zang=angle (Zeq) *130/pi;
o Isem.i.lngx (w, Zang, "'r-"):;xlabel({'w (rad/s)'):;vlabel('angle(Zeq) degrees');

9

80
mor
60 [

50T

\

angle{Zeq) degrees

10% 10" 10° 10°% 10* 108

As a side note, as the angle of the effective impedance approaches zero, the impedance
increasingly appears to be a simple resistance.
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@ =1000 rad/s

(a)
Z, = joL = j(1000)(0.02) = j0.02 Q)

Z,=25+7, =25+ 20Q=32/38.7°Q

Y, _ 1 0.031£-39°S
Z
eq
1 1
b)Y, =——+-—=0.064--51.3°S
‘20 25
1 1
Y =—+—+ jwC =0.064/—51.3° S+i(1000)(20x 107>
© 720 25 J 1( )( )
=20/90° S
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40.
7, =55 o = CIU0.020)
55+ j0.02w
z,=— +20=20- L% 200100
joC w @
Zeq =25 || (Zl +Z2)
(a)
o =1rad/s
Z,=0.02£90° Q
Z,=102£-79°Q
. (25)(0.02.£90°+102£—-179°) —733/-13° O
7 2540.02290°+1022—-79°
(b)
o =10 rad/s
Z, =0.2/88°Q
Z,=224/-26.6°Q
. (25)(0.2£88°+22.4/—26.6°) 112.1/-13.8° O
7 2540.2/88°+22.4/-26.6°
(©)
@ =100 rad/s
Z, =2/88°Q
Z,=20.£-3°Q
)08 20.423 [ s
7 2542/88°+20.L-3°
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41. Redrawing as directed, we obtain (all quantities shown in ohms):
8
25 55 j4

joL = j(25)(0.02) = j0.5 Q
1 1 ~
joC  j(250(0.01)
Z,=55|(-j4)=4/-86° Q
Z,=20+j0.5=20/1.4°Q
Z,=251(Z,+Z,)=25|| £-10° Q
Thus,
zZ

eq

—j4Q

25| £-5.5°Q
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42. I1=3/-20°A, @w=2000 rad/s

(@)
Z =3+ joL =3+ j(2000)(0.002) =3+ j4 Q

V=Z-1=(32£-20°)3+ j4)=(3£—20°)(5.53°)=15,33° Q

z-3--L-3-  _____5/-530
oC " (2000)(125x10)

V=7-1=(5£-53°)(3£4-20°)15£-73° V

(c)
Z:3+ja)L+L:3+3+j4+449O°:10453° Q
jooC
V=7-1=(3£-20°)(10£53°)530£33° V

(d) @=4000 rad/s
Z,-3Q
Z, =3+ j(4000)(0.002) =3+ 8 Q
Z.- ____2/-90°0Q
(4000)(125x10°)
Z=Z7,+7,+Z.=3+3+ 8- j2=6+ j6=8.49/45° O

V=Z7-1=(3£-20°)(8.49£45°) =
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43,
—733.3x107°
. . -3 —_—
Z1:60||—J=60|| —Jj33.3x107 = (60) @ —
oC 0] j33.3x10
60 - ———
@
. . Jj@0.01
Z,=60| joL=60]||j®0.01|=(60)] ——
2 1 I1J ]1=( )(60+ja)0.01]
z, =60](Z, +Z2)
(a)
f=1Hz - o=2xf=3.14rad/s
Z,=60£-0.3°Q
Z,=0.031290° Q
- 60(60£—-0.3°+0.031£90°) 0-10/-015° O
" 60+60£-0.3°+0.031290°
(b)
w=2rf =6280 rad/s
Z, =528/-85°Q
Z, =43.4/43.7°Q
- 60(5.28£—-85°+43.4/43.7°) 0254228 Q
! 60+5.282—-85°+43.4/43.7°
(c)
w=2rf=628x10° rad/s
Z,=0.005£-90° Q
Z,=60£0.05° Q
L= 60(0.005£—-90°+60.£0.05°) 0 -30700° O
60+ 0.0052-90°+60£0.05°
(d)
0=2rf=628x10" rad/s
Z,=53x10°2£-90°Q
Z,=60£0°Q
-6 , o o
_ 60(5.3x107£-90°+60.£0°) 030,000

“ " 60+5.3x107° ./ —90°+60.,0°
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44. Drawing the circuit,

42-20° A R .

The current I flows through the series combination 2 + ;2 Q. Thus, by current division,

1
1=(42-20°)— 272 _(4/-20°)(0.031.217.9°)
5= 10+
2+ 52
=0.123/-2° A
Thus,

i(f) = 0.123cos(1007 —2°) A
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45. One possible set of solutions from many (design problem, so no unique solution):
Series combination of resistor (R), inductor (L), and capacitor (C). @ = 100 rad/s (given).

@ FeR=T0)
ja)L—L =0
oC

or

Then, we need @” = 1 (100)*
LC

Setind L= 1 it

(b)
R +ja)L—L =7/10°=6.89+ j1.22 Q
oC
1
1Y P
R’ +(a)L——j =7
oC
or
1 2
R’ +(a)L——j =49
oC
Solving,

(a)L —Lj =1.22
oC

Set L=100 mH. ThenC=1.14 mF and R = 6.89 Q)

(c)
R+ joL—-—L-=5/-531°=3- j4= Q
®

_ 1
1Y P

R2+(a)L——j =5
wC

Solving,

a)L—L):—4

oC

SetR=3Q and L =1 mH. Then C = 2.44 mF.
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46. One possible set of solutions from many (design problem, so no unique solution):
Parallel combination of resistor (R), inductor (L), and capacitor (C). @ = 10 rad/s (given).

(a) We need

(b)

(©)

Y=12/-18°S=11.41-3.71S = %ﬂ'a)C—L

Setting R = L 0.0876 Q,

Y=18= 14 jwc--L
R oL

Setting R=1Q),

. J
wC——=0
/ ol
or @ =—.
LC

Set L=1mH. Then, C=10F.
This is not very realistic! [Try C = 100 mF. Then, L = 100 mH.

oL

1141

. J . 1 .
oC—-——=jl oC——|=—j3.71
/ oL J( a)Lj /

Set C=1mF. Then, L =26.2 mH.

Y=2+;mS

Set % =0.002 S..|R=500 Q

Then

0.001) = jeoC———.

joL

Set C =100 mF. Then, L =100 mH
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(a) Redrawing the circuit in the phasor domain,

—j0.05 0
Vi —A— V2

320A(%) %{.mngm @ Zse 3., (D2z0a
—j0is 0

r
® 3c0=—n YN NV VoY [1]
-j25 2 -j0.05 3
2£0=Y2, Y2 YooV N, 2V, [2]
i 5 3 —j0.05
Rearranging,
(/0.04+0.5+j20+0.33)V, - (0.33+j20)V, =3 [1]
—(0.33+ j20)V, +(=j +0.2+0.33+ j20)V, =2 [2]
Solving,

V, =4.11£54.7°V

V, =4.24/54.5°V

Thus,

v,(t)=4.11cos(10t +54.7°) V
v,(t) =4.24cos(10t +54.5°) V
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48. (a) Redrawing in the phasor domain,

152 -42*mA

®

v, jo V,
PIN—e

2.520° mA (},D T —j04345 02 § 240
L

(b) We need only define one clockwise mesh current I3 in the lower right mesh.

Then,
(~0.4545)(1, - 0.002520)+ j (I, —0.0015£ —42°)+ 21, = 0
Solving,
—(+70.4545)(0.0025) +(j)(0.0015£ —42°
= (+/ )(0:0025)+ (/) ) _428x10"/-26° 0
—j0.454+ j+2
Thus,

ij(t)=2.5cos10f mA by inspection
i,(t)=1.5cos(10f —42°) mA by inspection
and

i,(t) =0.43cos(107 —26°) mA
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49. We begin by redrawing in the phasor domain:
154 -422mA

®

v, jo V,
PIN—e

2.520° mA (},D T —j04545 02 § 28
—

We require two nodal equations:

0.0025.20-0.0015/—420=— 1 M=V [1]
—j0.4545 j
0.0015/—42°= &+L.V‘ [2]
J

Or

(j2.2- j)V, + 7V, =0.00171.£35.9° [1]
jV,+(0.5— j)V, =0.0015£ - 42° [2]

Solving,

V, =0.878£32.7° V
V,=1.05£-147° V

So,

v,(#)=0.878cos(10t +32.7°) V
v,(t)=1.05cos(10r -147°) V
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By mesh analysis,

-10£-80°+ ;30I, +55(1, -1,)+4£0=0 [I]
—-40+551,-1,)—j201,+2£-23°=0 [2]
Grouping terms,

(55+ j30)I, =551, =4+10£-80° [1]

=551, +(55-j20)I, =4-2/-23° [2]
Solving,
I,=0.808£-111° A
I,=0.7342-89.1° A
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By mesh analysis,
-320+ j30I, +55(I, -1,)+5.5£-130°=0 [1]
—5.524-130°+55(1, -1,)— j20I,+1.5217°=0 [2]

Grouping terms,

(55+ j30)I, — 551, =7.78£32.8° [1]
551, +(55-j20)I, =6.24/142.8° [2]
Solving,

1, =0433/18.5° A
I,=0.358.52.8° A
SO

I, 0433£185°

L=——— = =1.21£-343°
I, 0.358/52.8°
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Begin by converting to phasor domain parameters:
2.5/9°V

710 Q
~j0.303 Q

Then, writing mesh equations:

—2.529°+21,+ 101, -1,)=0 [1]
j10(I, -1,)—-0.303I, +5I, =0 [2]
Grouping terms,

(2+/10)I, - j10I, =2.5£9° (1]
(5-/j10)I, + j9.6971, =0 [2]
Solving,

I,=0.349/11.5° A
I,=0.402£38.1° A

Thus,

i;(t) =0.349cos(10 +11.5°) A
i,(t) =0.402cos(10r +38.1°) A
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By nodal analysis, we may write

Vl VI_V2 Vl_V2

—+ +

j2 1+j3.8 —j4

2r50=Y2 Vo=V VooV,
2 —j4  1+,3.8

Grouping terms,

—-5/-18°=

[1]

[2]

.L+ 1. +21v 4 .L— 1. V,=-52-18° [l]
j2 1+,38 4 j4 1+ ;3.8

ﬂi— 1. }Vﬁ-{l—k 1' +11V2=245°
j4 1+/3.8 2 1+,38 4

Solving,

V,=9.60£-1159°V

V,=3.13£-10.1°V

And

I, = —2.77£153° A

[2]
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By nodal analysis, we may write

Vo, V-V, V-V,

~15£0° = [1]
j2 1+,3.8 —j4
25131022, V2=V VooV [2]
2 —j4 1+,38
Grouping terms,
S S VA D N I VST [1]
j2 1+j3.8 4 1+ 3.8 j4
1 Wvli L v oasase
j4 1+j3.8 2 1+,3.8 4
Solving,

V, =342/-103.5°V
V,=41.91/134.8° V
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Define I,,1,,I and apply mesh analysis:
—420+2+4.DI, +j2(1,-1,)=0 [1]
—(2+4.7-j51,-4.71,-21 =0 [2]
A+2+,2)I,—j21,+21,=0 [3]
Solving,

I, =0.206£81° A

SO

V. =DI, =0.206£81° V
and

v (1) =0.206cos(20¢ +81°) V
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Define I,,1,,I and apply mesh analysis:
-420+2+4.DI, + j2(1,-1,)=0 [1]

—(2+4.7-j51,-4.71,-21 =0 [2]
A+2+;2)I —;21,+21,=0 [3]
Solving,

I =0.206£81° A

SO

i (1)=0.206cos(20t +81°) A
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V, =133£77°V

V, =55£22°V

So

—133£77°+0.81, + j0.312I, — j0.3921, =0 [1]
(70.392—-0.714+ j0.448)I, — j0.392I, + j0.7141, — j0.4481, =0 [2]
(0.6+70.448)1, — j0.4481, +55£22°=0 [3]
(0.4—-;0.714)1, + j0.7141, =0 [4]
Solving,

1, =165.72.6° A
1,=138,73.5° A
I, =148/144.8° A
I, =129/115.6° A

and

i;(t)=165cos(14¢+72.6°) A
i,(t)=138cos(141+73.5°) A
i,(t) =148cos(141 +144.8°) A
i,(t)=129cos(14¢+115.6°) A
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V, =0.009£0.5° V

V, =0.004£1.5° V

@ =500 rad/s

So

28mH — j14 Q

100 mF — —;0.02 Q

32mH — jl16 Q

Thus, defining V, and V,,

_ V,-V, N V, +V3—V4 +V3 -V,
0.8 jl4 0.4 —-70.02

0:V4—V2 N V, +V4—V3 +V4—V3

0.6 jl16  —j0.02 0.4

Grouping terms,

0

[1]

2]

_LVI + L+L+L_; V3+ ;_L V4:0
0.8 0.8 jl4 04 ;0.02 70.02 0.4

1 1 1 11 1 1

—ﬁVZ+ (m_ﬁjVﬁ[ﬁJrﬁ_erﬁj“
Solving,
V,=3.55x10"2/-84.2°V
V,=130x10"2-83.8°V
SO
v (#) =3.55x107* cos(500¢ —84.2°) V
v, (1) =1.30x107* cos(500¢ —83.8°) V
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(a)
V =4V, soVi:V" [1]
A

Then,
V-V [ —j V.-V

[ 1 ( J J: i - N [2]

R, \oC =)

oC,

Using Eq. [1] to eliminate V, in Eq. [2] yields

Thus,
R -R,
Ez— / ; As A — oo, "—)—;’:—]a)RfC1
a4 AoC,  C, aC,
(b)
V, = AV, as before.
R
Zf :Rf - : = . L
JoC, 1+ joR,C,
Then,
—J
V-V)—|= (V.-V)Z,
( o t)(wCIJ ( i S) f

Eliminating V, and collecting terms,

e %

Or, substituting in Z o
R

A
vV, 1+ joR,C,
\4 (1_1j -j ) 1| R
AN\ aC, ) A|1+joR.C,
K
1+ joR,C ‘wR ,C,
ASA_)OO,VO_> JORC, __JORG
V, =] 1+ joR,C,
wC,
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250 mF — -j0.2 Q
70 mH — j1.4 Q
9¢co0s20t V—->920V

9sin20t V—>9/-90°V
Mesh equations:
(3-70.2)I, +,0.21, =3I, =940

0.005I, + ;0.2I, +(j1.4—j0.2)I2 -jl1.41,=0
=3I, +(3—-,0.2)I, +0.2I, =-9£-90°

—jl1.4L, + j0.2L, +(5+ j1.4— j0.2)I, =9£-90°
Solving,

I, =27.1£132.5° A
I,=6.144-34° A
I,=292/132.5°A
I,=1822-0.6°A

Hence,

i,(t)=27.1cos(20 +132.5°) A
i,(t) =6.14cos(20r -34°) A
i,(#) =29.2co0s(20 +132.5°) A
i,(1)=1.82co0s(20r-0.6°) A
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Scaling to mA and kQ, we can write two nodal equations:

&_&_FVM _VZa + Vla _VZa

3/-41°=
373 8 3
0 — V2a _ V2a + VZa _Vla + V2a _Vla
3 2 —j5 78

Grouping terms and solving,
V,, =420£-84°V

V,, =0.584./133.5° V

We now replace the 3/ —41° source with 0, and set the second equation to —5./13°
Then,
V, =0973£-74.5°V

Vv, =9.12/-115°V

Vl = Vla + Vlb
Vz = VZu + V2b

Note that
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62. We can write two nodal equations:

Vi ViV,
3 =J5
&_i_vz _Vl

-J5

33/£3°-51£-91°=

51£-91°=

Which may be solved to yield

V, =391108.3° mV
V, =198£-156.7° mV
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Here, we must employ superposition and recompute impedances each time.

I, =0.004£0 A at =40 rad/s and I, =0.004£-90° A at @ =30 rad/s
j3=jolL=j25L so L=3/25=12H

This represents an impedance of j48 Q at @ =40 rad/s and j36 Q at ® =30 rad/s
Then

s =—_j={—j0.3125 Q, w=40 rad/s
wC |—j0.417 Q, @ =30 rad/s
Then,
0.004.£0 = 1o 4 Y1~ Vaa
j48 —j0.3125
— Voo + Vo = Vi
2 —j0.3125
Solving,

V, =0.00814/-6.5°V

V,, =0.00804£2.4°V
Then, for the other frequency,

= V]b + V]b _V2b
j36 —j0.417
0.004/ —90° = Vi + V,, -V,
2 —j0.417
Solving,

V,, =0.00808./ —86.8° V
V,, =0.00799./ —86.8° V
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Open circuit both sources, then remove the 2 —j Q impedance and look into the open
terminals:

Z, = j2+4£10°=477/344° Q

Next, we re-activate the two current sources and compute the voltage across the open
terminals:

V, =(1.5224°)(j2)— (-2£38°)(4£10°) =9.62./64.6° V

Then Ii = (Voo)/[Zin +(2 - /)] = Vo ~ = 9'6246(?'6 -=1.56.£48.7° A
Z,+(2-j) 4714344°+2—j
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Starting with the left-hand source, we obtain a voltage source
(1.5424")( Jj2)=3/114°V in series with the impedance ;2 Q.

Moving to the right-hand source, we replace it along with the 4/10° Q2 impedance by a
voltage source

(—2£38°)(4£10°)=8£-132° V in series with the impedance 4210° Q.

Both of these combinations appear in series with the 1 +;j QQ impedance, so

I= (341 14°—84—132°)(j2+1+j+4410°) =1.56£27.8° A
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(@
2,y = (12- /34 710

12— j34)(j10)
12-j24

13.4./82.9° Q

and
V,  =(22430°)(13.4£82.9°) =295/113° V

(b) Short-circuiting the two open terminals leads to (by inspection):

In = 22.730° A] From above,|Zn = 13.4.282.9° Q)

(c) Utilize the Norton equivalent:

1= (22307) 1344829° |
13.4/82.9°+7— j2

0.942.230.4° A
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67. (a) Redrawn:

22 -90°V 1O
()
i - L_'J_|_
- (29— VWV
- _qe LY j20Q32y
B/—-9°A C:) L 5.,0°A

(b) Combining current sources, we may write (with the assistance of a quick source
transformation):

8£-9°+520=12.96£-5.5° A
12.96£ —S.SO—[QJ =12.92/3.3° A

and hence,

by current division,

I, =12.92/3.3° 1. =0.645/4—-83.8° A
1+ 20

(¢) V, =1,(j20)=12.9/6.3°V |

(d)
| --— AC Analysis ---
frequency: 0.6366 Hz
V(n001) : mag: 12.9038 phase: 6.16249° voltage
I(L1): mag : 0.645212 phase: -83.8346° device current
I(11): mag: 12.92 phase: 3.3° device ecurrent
I(R1): mag: 12.9038 phase: 6.16249° device current
"
L1 R1
5 1
AC 12.92 3.3
.ac list 0.6366
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Apply superposition, beginning with the 320 A source:

Nodal analysis yields

V. . V.-V, v,
2x g 4
J =J 1

V-V V,
3/0=—"—"+—= 2]
—j )
Grouping terms,
V.-jV,=0
—JjV,+(0.5+ )V, =-3
Solving,
V. =1.664L-124°V
V, =1.664,146° V
For the 2.1£0 V source, we note that (1) || (2— j)=0.707£-8.1° Q.
(2.1£0)())
j+0.707£-8.1°
V=V, -21£0=13/£120°V.
Finally,
V, =1.664£-124°-1.32120° V =2.52/-96.3° V

0=

[1]

Then, V, = =1.84437.9°V

Returning to the time domain,

v,(£) = 2.52 cos(20¢ —96.3%) V
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We write two nodal equations:
s.0=— M=V [1]
—j3.83 1
— -110£
oo YoV, Vo Vi-lloo
1 —j2 5
Grouping terms,
(1+ j0.3)V,-V, =5
110
-V, +(1+0.5+0.2)V, =—
Solving,
V,=32.63£-81.6° V, or in the time domain, v,(¢) =32.63cos(20¢ —81.6°) V
V, =3227£-72.9°V, or in the time domain, v, () =32.27 cos(20t —72.9°) V
Therefore,
V=V, -V, =490/-163°V
We proceed:
2
t
P, = M =[24.01cos? (201 ~163°) W
| --- AC BAnalysis --- ~
frequency: 3.183 Hz
V(n001) : mag: 32.6335 phase: -81.5659° voltage
V(n002) : maq: 32.2662 phase: -72.936"° voltage
V(n003) : mag: 110 phase: o- voltage
I(c2): mag: 16.1326 phase: 17.064° device current
IT(Ccl): madg: 9.78976 phase: 8.43013° devic'.e:current
I(I1): mag: 5 phase: o- device current
I(R2): maq: 21.0315 phase: 17.0573° devic'.e:current
IT(R1): mag: 4.89893 phase: 17.0355"° device current
I(Vl): mag: 21.0315 phase: -162.943° device:current o
R1 R2
—\/\
11 1 5 V1
C1 C2
15m 25m
AC1100
L

.ac list 3.183

<~
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We create the following impedances: 2 H becomes ;2 Q, and 1 F becomes -j Q2
Apply a 1 A test source to the output terminals.

Then,
V,-V
~0.25V, :V_D‘+M [1]
—J J2
V-V
1: ( test D) [2]
j2

Vo=V =V, [3]
So

1 1

-025-j-— |V, +/ 025+— |V _, =0
J2 J2

_VD + Vtest = J2
Solving,
V., =112£63.4°V and Z,, =1.12£63.4° Q=0.50+ j Q

We may create such an impedance at 1 rad/s by inverting:

1 _0.40-j0.798

Th

which can be constructed with R = ﬁ :in parallel with ﬁ =j1.25 Q.
. —JjO.

At 1 rad/s, that is a| 1.25 H inductor. |

Shorting the output terminals,

~0.25V, +(V, = 1)(j)+ V—é =0
J

Solving,
V, =36.7£-172.5°V
Thus,

I, =1, —YL_184,975 A

j2
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71.

q

/[;_ {Te ,,EL
. \%S/‘“‘ Jw :}lﬂ
a) I = V(1) = (5 £ 120°)(1)

= (-2.5 +j4.33)(1)

=-2.5+j433 A= (52120°) A
IL= (5 £ 120°)(-j2)

=8.66+j5A=(10 £30°) A

= (5 £ 120°)(j10)

=-43.3-j25 A= (50 £ -150°) A

b) L=l +1.=-2.5 +j4.33 + 8.66 + |5
=6.16+j9.33 A= (11.18 £ 56.57°) A
ls=1Ix+ 1

=-37.14—15.67 A = (40.31 £ -157.13°) A

Chapter Ten Exercise Solutions
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Vi =100£0°V, [V2| = 140 V, [Vi + V2| = 120 V.
Let 50 V = 1 inch. From the sketch, for £V> positive,
| V2=140-122.5°| We may also have| V> = 140£-122.5° V

[Analytically: [100 + 140Za| =120
so | 100 + 140 cos a + 140 sina | = 120
Using the “Solve” routine of a scientific calculator,

a=+122.88°]
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@ 1,-—100  _100@=/Y [5756, 76 76°(2.29im)
. 2 2.5+ 3
2.5+
2—j1

I,=(57.26£~- 76.76°);—A1 =25.61£-140.19°(1.02in
-J

I, =(57.26£~- 76.760)% =51.21£-50.19°(2.05in)
-J

V, =2.5x57.26£90°-76.76° 5143.15213.24°(2.86in

V, =2x25.61£-140.19°=51.222-140.19°(1.02in)

v

c

51.21£-140.19°(1.02in)

(b) Scales (inches) are noted above next to each answer.
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74. (a)
= 120 34-30°A
40£30°
I,= _120 2.058.£30.96° A
50-,30
I = _120 | 24/—-53.13° Al
30+ ;40
(b)

© I =1+, +I,
6.265/—-22.14° A
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75. V2 =1(j2) = (1 £ 0°)(j2)

=j2V=(2290°V

VR=V2

l. =
c —ja

Vr—(2 £ 90)
—ja

(120°=

Ve=(22-90°)V=-2V

Iy = Ig + Ic

Iy :V?R+ le=(0.67 £-90°) + (1 £ 0°) =1 +j0.67 A
=(1.2 2-33.7°) A

Vi = 5%l = 5(1.2 £ -33.7°)

=(6.01 £-33.7°)V=5-j3.33V

a)

b) V,to Vi:

§= -0.18+0.28

1
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76. a) Xu1 = jwlL = j(20)(100*10%) =j2 Q

Xi2 = j(20)(150*10°%) =j3 Q

-J -Jj 7 23
V=(52-789)V "5%"”‘? jad T s ?jm‘ ﬁ)i/‘:w%
S R S S
= (2 £-45°) A

b) Short the voltage source and open the current source and make Zi, the impedance across the

capacitor.

[ | Z;ﬂl’?a -
Zoy = QU2 L @DUD _ 584 j0.4+1.38 +0.92 20 Ly 330
h=T02 T arz et IE : e J 328 BJ

|

=2.18+j1.32Q=(2.55231.2° Q

Calculate the Thevenin equivalent voltage across the capacitor by open-circuiting the capacitor.

v, Ve
)f[e_ F t J. - E___E____‘
i o N 30 /L b 45 °
vi=08x(5 £ -78°) = siwNG a3 S i @ 2 a7 A
1 | i
! | P S
= (4.47 £ -51.43°)V =2.79—j3.49 V
At node Va:
212 (2245920
2 )3
#1 1y _ 450
V, (2+J_3)_(24 45°)
V,=(3.33 £-11.34°)=3.20-j0.64 V
Voc=V1-V,=2.79-j3.49 - (3.20 — j0.64)
=(-0.47—j2.84)V =(2.88 £-99.46°) V
Thevenin equivalent circuit: .F_“‘“’EJ"K__ . .
i | (f —_— a3 \/
—_"J333 = _ o \\Jn.;, \Y') I 15.,?_0- V&
¢ = Zon—j3.33 Voc =(3.23 £ -146.74°) ] - -

Vc(t) = 3.23*sin(20t — 146.74°) V

C , ' 3
) /Ly ~) 5'.%'5;2\1’1_ -
L [_' T ]
v 203 T S0 330 (hy 295
Copyright © 51{1?% ‘JL‘;/' ‘_I"'\ﬂ’?‘ 3 rJ" ) Al splay. All rights reserved.
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Vi—(52-78) V, V-V
Node Vy: 2=¢ ) htle g

1 j2 " Zj333
Ve=V1i—V;

Vi—-(54-78 V; V
1 ( ) +_1+ .C =0
1 j2 —j3.33

V1*(1-j0.5) = (5 £-78°) +(0.97 £ 123.46°)

_ 0.51+j4.08 _ .
Vi= o= (2.04-3.06) V

V1=(3.68 £-56.34°) V

_(52-78)-1;

I =(524-78°) - (3.68 £ -56.34°)

le

=(-1.0-j1.83) A=(2.08 £ -118.69°) A

d)
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I [SmF e
r M‘«T t'E""E_“E‘ — |
J . e () Ic [ . ,I,-B'
Gsn (Z0e *'?f)‘é; 1004+ ’ 2l 3130 ér)zm (et +45°) A
\
77. | Y P WO S—
Superposition theorem:
7 [SmF "
R S
Csm (ToE -Iﬁ‘”“ ' —JH? - ‘;;Z L S/50ud
S A

Xu1 = jwl = j(20)(100*103) = j2 Q
Xi2 = j(20)(150%10) =3 Q

et A B
XC i wC  (20)(15%10~ 3) J3 330

5sin(20t + 12) 2 (5 £ -78°)
,‘,j' 53

Node Vi:
Mo(G2-78) Vi Ve
1 j2 —]3.33
* l_ 1 * o
Vi (1+j2 j3.33)+V2 13 - (3478
Vi*(1—j0.2) + V2*(-j0.3) = 1.04 — j4.89
Node 2:
Yo v n
—j333 2 ' j3
x_1 w1l 1 1
Vi j3.33+v2 (j3+2 ]333)
(0. 3) -Vz*(0.5— j0.03)
/%05 —j0.03
Vi=-V; ( -jo.3 )

V1=(-0.1-j1.67)*V,
(-0.1-j1.67)*V,*(1—j0.2) + V,*(-j0.3) = 1.04 — j4.89
(-0.43 —j1.95)*V, =1.04 - j4.89
V,=2.28+j1.04V
V1=(4.19 £-68.91°) V=(1.51-j3.91) V
Va=Vi—V,
=(-0.77 —j4.96) V = (5.02 £ -98.82°) V
Other side of circuit:

10y, bmF

Vi

I_V‘VUL- r— 'I_‘l \
‘ |m'nHu4 Vol %’EJ (L < "rjow‘-f.i‘[ '1: 1sin {.“H’ + '--frgﬂ,;l ;’4

I AR SR SR—
Xu1 = jwl = j(19)(100*103) =j1.9 Q
Xi2 = j(19)(150*10°%) = j2.85 Q
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et A R
X wC  (19)(15%1073) J3 51Q

2sin(19t +45°) > (2 £-45°) A

[ ¥ f\a{‘ISI-L-I"
P . Vy B
NP S |
e < - A N —a
J|1|:'Q 3 %’ifl’ F{,-,‘b_zl.-[.,ar\} J_T L/__Li_? /’4
R PR R W
Node Vs:

Vi, Ve VaVa
1 j1.9 —]351
V3*(1 = j0.24) + V4*(-j0.29) =

w 1-70.24 [ .
Vs=V3 ( 7029 )—V3 (085 J3.51)
Node V4

Vs (Vg M o (2 £-459)

—j3.51 2 j2. 85

V1*(-j0.29) + V4*(0.5 — j0.065) = (1.41 — j1.41)

V1*(-j0.29) + V3*(-0.85 — j3.51)*(0.5 — j0.065) = (1.41 — j1.41)
Vs = (0.43 +j0.85) V

Va=(2.62-j2.23)V

Vao=Vi—V,
=(-2.20-j3.09) V = (3.80 £ 125.42°) V
Ve=Vu + Vo

=(-2.97 -j1.87) V= (3.51 2 -147.85°) V
Actual: v¢(t) = 3.51cos(wt — 147.85°) V
Expected will have both side§ at 20 rad/s:

ad @ P
Ve
A
J F - 20 -
& ! Ve, = . -Q 550 (A 1 sAce
S 1B -u_? o 2L 3D Q) 1 /45" 4
[ [ \
| W e |
Node Vs:
Ve—(54-78 Ve Vg -V,
5—( )+'_s+ 5 Ve _
1 j2  —j3.33

Vs*(1—j0.2) + Ve*(-j0.3) = 1.04 — j4.89
(1.04 — j4.89)—Vs(—j0.3)

Vs = 1-j02 =(1.94 —j4.50) — (0.058 —j0.29)*Ve
Node 6:

VoVs Ve Vo (5, g0

—j3.33+2 + 3 (2 £-45°)

Vs*(-j0.3) + Vg*(0.5 — j0.03) = 1.41 — j1.41
(1.94 - j4.50) — (0.058 — j0.29)*Ve*(-j0.3) + V6*(0.5 — j0.03) = 1.41 — j1.41
Ve=(4.74-j1.32)V
Vs =(2.05-j3.05) V
Vc = V5 - Ve =

=(-2.70-j1.74) V = (3.23 £ -147.14°)
Expected: v(t) = 3.23cos(20t — 147.14°) V
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78. a) ( .-:*b
—— A
— VAN
vh ¥ 1'| H—L-\ N
d C} kT.-; jmclwé \JD
|l ) | -
_( Jw
o) Vo = (5.
Yo _ _Jw
Vs B 1+jw
¢) Using MATLAB:
Vo =[10];
Vs=[11];
w=0.01:0.01:100;
y=tf(Vo,Vs);
bode(y,{w})
grid on
Bode Diagram
0
D10
B
ERl
i=
(m)]
m
= -30
40 =
107 10”" 10° 10" 10

d)[Low frequencies are more effectively transferred to the output.
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79. a)
Il' C‘.-‘
_(Zi/w A
" T
. O
Voo =J __1 I =
Vs_w—j_1+jw I,_ R .
Using MATLAB:
Vo =[1];
Vs=[11];
w=0.01:0.01:100;
y=tf(Vo,Vs);
bode(y,{w})
grid on
Bode Diagram
O =
o -10
I
[i}]
S 20
=
by
= .30
40
10 107" 10° 10" 102

Low frequencies are more effectively transferred to the output.

b) One possible solution (DESIGN PROBLEM):

Corner frequency: fo=——
q Vile=nre

1
2mRC

2*10% =

12.57*%10% = =
RC

Choose Then,

1
T 5(12.57%103)

15.91 pF
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80. One possible solution (DESIGN PROBLEM):
Z=(0.525.7°)Q=0.498 + j0.0497 O

F=628 Hz

Z=R—jX=R- ﬁ

_ J

2nfC

R=0.500Q

, i
j0.0497 =

C=5.10mF
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