Sinusoidal Steady State Analysis

Assessment Problems

AP 9.1 [a] V = 170/—40°V
[b] 10sin(1000¢ + 20°) = 10 cos(1000¢ — 70°)

I=10/=70°A

[c] T=5/36.87°+10/—53.13°
— 4+ j3+6—j8=10—j5=11.18/—26.57° A

[d] sin(20,0007t 4 30°) = cos(20,0007t — 60°)
Thus,

V = 300/45° — 100/=60° = 212.13 + 5212.13 — (50 — j86.60)
= 162.13 + j298.73 = 339.90/61.51° mV

AP 9.2 [a] v =18.6cos(wt —54°)V
[b] T=20/45° —50/—30° = 14.14 + j14.14 — 43.3 + 525
= —29.16 + 739.14 = 48.81/126.68°

Therefore i = 48.81 cos(wt 4+ 126.68°) mA
[c] V =20+ 580 —30/15° = 20 4 j80 — 28.98 — j7.76
— —8.98 + j72.24 = 72.79/97.08°
v = 7279 cos(wt + 97.08°) V
AP 9.3 [a] wL = (10*)(20 x 107?) = 200
[b] Z = jwL = j200Q
9-1
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9-2 CHAPTER 9. Sinusoidal Steady State Analysis
[c] VL =1Z; = (10/30°)(200/90°) x 107 = 2/120° V
[d] vy = 2cos(10,000¢ + 120°) V
AP 9.4 [a] X, ! ! 502
. a = — = —
7 wC T~ 4000(5 x 10-6)
b] Zo = jXo = —j509)
Vv 30/25°
I=—= — =0.6/115° A
el 1= 7= = 50/~00° 5
[d] i = 0.6 cos(4000¢ + 115°) A
AP 9.5 I; = 100/25° = 90.63 + j42.26
I, = 100/145° = —81.92 + j57.36
I; = 100/=95° = —8.72 — j99.62
ILi=—(TL+L+1I3)=(0+350)A, therefore iy =0A
125/—60° 125
AP 96 [a] I= —2—— = —-/(—60 —0,)°
But —60 — 6, = —105° 0y = 45°
Z =90+ 7160 + j X
1
Xo=-T0Q; Xe=——=-70
wC
C= ! = 2.86 uF
~ (70)(5000) _ “0H
V, 125/—60°
b] I=— = ————= =0.982/—105° A; I| =0.982A
[b] A (90 4 590) [Z105°4; i
AP 9.7 [a]
2002
i,
Teo—t Ay It .V
500 254F
HrmH
w = 2000rad/s
—1
wL =100, — =-20Q

wC
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Problems 9-3

) ) 20(710) .
Zew = 20[510 + 5 200=———+5-—7520
=44+3j8+5—720=(9—712)Q
—1
b] wL =402 — =-50Q
. . . (20)(540)
Loy =5 — 75+ 20]740 = 5 — 45 -
y 75+ 20]5 J +[20+;40

=5—j5+16+j8 = (21 + j3)Q

20(jwL) 410°
Z. = | =) _ 1Y
el Zay l20 +wa] - (5 250

20w L? N 7400w L 5106
400 + w?L? 400 4 w2L2 25w

The impedance will be purely resistive when the j terms cancel, i.e.,
400w L 106

400 + w22 25w
Solving for w yields w = 4000 rad/s.

20w? L?

AP 9.8 The frequency 4000 rad/s was found to give Zy, = 15Q in Assessment
Problem 9.7. Thus,

Vo 150/0°
V=150/0°, I,=_——=-""=
[, Zey 15

=10/0° A

Using current division,

20

=2 (10)=5— 5 =T.07/—45° A
20+j20( ) J [=45°

I

ip = 7.07cos(4000t — 45°) A, I, = T7.0TA

AP 9.9 After replacing the delta made up of the 50€2, 40€2, and 10 resistors with its
equivalent wye, the circuit becomes

I

" :
I, 110 \ ‘
% 3400 *}—ng
136V —
2002 50
40
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94 CHAPTER 9. Sinusoidal Steady State Analysis

The circuit is further simplified by combining the parallel branches,
(20 + 740)||(5 — j15) = (12 — j16) Q2

136/0°

Therefore T =
cretore 14+ 12— j16 1+ 4

= 4/28.07° A

AP 9.10
V; = 240/53.13° = 144 + j192V

Vy = 96/—90° = —j96 V
jwL = 5(4000)(15 x 107?) = 560

1 _ 6 x 108

2 600
jwC — 7 o00)zs) ~

Perform a source transformation:

Vi 144 4 5192

— = =32—924A

60 60 J

Vs, .96 ‘

— = —j— = —j4.8A

20 720"

3.2-32. 4801 2300 T-316000 =200 ()-i4.8R

1600

Combine the parallel impedances:

1 1 1 1 yb) 1

560 T30 T Zjeo T20 ~ jeo 12

1
Z===12Q
Y

3.24j2.4801) ¥ 2120

[a]

V, =12(3.2 + j2.4) = 38.4 + j28.8V = 48/36.87° V

v, = 48 cos (4000t + 36.87°) V
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Problems 9-5

AP 9.11 Use the lower node as the reference node. Let V1 = node voltage across the
202 resistor and V1, = node voltage across the capacitor. Writing the node
voltage equations gives us

V; — 101

x —710
=0 and VTh: J

Vi
—L _2/45° — (101,
o0 ~ 2458+ 710 10 —le( )

We also have

I, =
20

Solving these equations for Vi, gives Vo, = 10/45°V. To find the Thévenin
impedance, we remove the independent current source and apply a test
voltage source at the terminals a, b. Thus

1002 1002
P A A
I e I e
® T
2200 + T 100 Cw_
10L%

It follows from the circuit that
101, = (20 + j10)I,

Therefore

Vo Vi
and =50 T 1o

\Y
Zmn = I—T, therefore Zr, = (5 — j5) 2
T

AP 9.12 The phasor domain circuit is as shown in the following diagram:
e
2012

+

10@“;\( 502y T-(209)0 Ejsn & 1nu£90°v

v
The node voltage equation is

10+V+ \Y% N \Y% +V—100/—90° 0
5  —5(20/9) 45 20 B
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9-6 CHAPTER 9. Sinusoidal Steady State Analysis

Therefore V = 10 — j30 = 31.62/—=71.57°

Therefore v = 31.62 cos(50,000t — 71.57°) V

AP 9.13 Let I,, I,, and I. be the three clockwise mesh currents going from left to

right. Summing the voltages around meshes a and b gives

338 = (1+j2)L, + (3—j5)T, — I.)

and

0=(3—45) I — L) + 2(I, — L).

But

V,=—j5I, - 1),

therefore

L = —0.75—j5(I, — L)].

Solving for I = I, = 29 + j2 = 29.07/3.95° A.

AP 9.14 [a] M =0.4V/0.0625 = 0.1H,  wM =80Q

[b] I

(] T, = (2—22

STUDENTS-HUB.com

Zas = 40 + j800(0.125) + 360 + j800(0.25) = (400 + 7300)

Therefore | Za| = 500 €2, Z55 = (400 — 5300) 2

80 2
Z, = (%> (400 — j300) = (10.24 — j7.68) Q2

245.20

= = 0.50/—53.13° A
184 + 100 + 7400 + Z; [=5315"

1
i1 = 0.5cos(800t — 53.13°) A

Wl 80
e ) ) J (0.5/ — 53.13°) = 0.08/0° A

~ 500/36.87°
19 = 80 cos 800t mA
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Problems 9-7

AP 9.15
V, 25 x 10%/0°

I pu— pu—
YT Z0 42522, 1500 4 56000 + (25)2(4 — j14.4)

=4+ j3 =15/36.87° A
V1=V, — ZI; =25,000/0° — (4 + j3)(1500 + j6000)

= 37,000 — j28,500

1
V, = —%Vl = —1480 + 71140 = 1868.15/142.39° V

V,  1868.15/142.39°

L= - =
T 7 4—j14.4

= 125/216.87° A

STUDENTS-HUB.com Uploaded By: Jibreel Bornat



9-8 CHAPTER 9. Sinusoidal Steady State Analysis

Problems

P91 [a] w=2rf=800rad/s, f= % — 127.32 Hz
[b] T=1/f =7.85ms
[c] I, = 125mA
[d] i(0) = 125 cos(36.87°) = 100mA

36.87°(2
] 6= 3657 ¢ 0T CT) 6435 raq
360°
[f] ¢ =0 when 800t + 36.87° = 90°. Now resolve the units:
53.13°
800 rad/s)t = ——— = 0.927rad t=1.16
(800 rad/s) 573 /rad rad, ms

[g] (di/dt) = (—0.125)800sin(800¢ + 36.87°)

(di/dt) =0 when 800t + 36.87° = 180°

143.13°
800t = —— = 2.498rad
or 57.3° /rad re

Therefore ¢t = 3.12ms

P 9.2
(V)

100 —

100cos(@z - 907)

lﬂﬂcos{m:‘ -45%) time(s)

\c
100cos or

100cos(@r + 457%)

100cos(@z + 907)

_100 —

[a] Right as ¢ becomes more negative
[b] Left

P9.3 [a] 25V
[b] 27 f = 4007; f =200 Hz
[c] w=400m = 1256.64 rad/s
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Problems 9-9

[d] 0(rad) = 60° ( il ) — T 10472 rad

180° 3
[e] 6 =60°
1 1
fl T=-=—=5
1] F o200 M
T T T
4007t + — = —; o 4007t = —
[g] 4007t + o = o =<
t= L = 416.67 us
“oq00 MM
0.005
[h] v = 25cos [400% (t — —) E]
6 3
= 25cos[4007t — (7 /3) + (7/3)]
= 25cos 4007t V
[i] 4007 (t + t,) + (7/3) = 4007t + (37/2)
m 7
4 o= —’ o— T - = 292
007t 5 5100 ms

P 9.4 [a] By hypothesis
v = 50 cos(wt + 0)

Z—: = —50w sin(wt + 0)

50w = 7507; w = 1bmrad/s

[b] At t = (40/3) ms, the argument of the cosine function must equal 90°.
Remember that we must convert wt to degrees:

0.04\ 360°
157 (22 f = 90°
”( 3 ) om T

Solving,

0 =90° — 36° = 5H4°

The problem description says that the voltage is increasing, but the
derivative calculated in part (a) is negative. Therefore we need to shift
the phase angle by 180° to 54 — 180 = —126°, effectively multiplying the
expression for the voltage by —1, so that the expression for the voltage is
increasing.

v = 50cos(157t — 126°) V
T
P95 [a] 5225—5:201118; T = 40ms

1 1
=7~ o<1~ HH
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9-10 CHAPTER 9. Sinusoidal Steady State Analysis

[b] i = I, sin(wt + 0)
w=2nf =50m rad/s
50r(5x 1073 +0 =0, .. =" rad = —45°
i = I, sin[50mt — 45°]
0.5 =1,,sin —45°; I, = —70.71mA
i = —70.71sin[507mt — 45°] = 70.71 cos[507t + 45°] mA

P 9.6 V=2V = v2(240) = 339.41V

1 (1) 2
POT Vi = \/f/o V2 sin? %tdt

T/2 2 V2 o T/ 4 V2T
; V2 sin® (;t) dt:7m ; (1—C08%t> dt = Z

1v2r v,
Th f rms f— o m = —
erefore V; T4 5

to+T |

m

o+T
P 9.8 / V2 cos?(wt + ¢) dt

to

I
N
—~

2

1\3‘3% [\3‘<

1
-+ 3 cos(2wt + 2¢) dt
+ L [sin(2wt + 2¢) |to+T]}
2w fo
1
(

to, 2
{f AT gt 4 / e cos(2wt + 2¢) dt}

{T

{T + 0 [sin(2wt, + 47 + 2¢) — sin(2wt, + 2¢)]}

(f) 50 =(3)
P 9.9 [a] The numerical values of the terms in Eq. 9.8 are
V,, =75,  R/L=5333.33,  wL =300
VR +w?L? = 500
¢ = —60°, 6 = tan~* 300/400, 0 = 36.87°

2

<!

|
§w ”‘3

Substitute these values into Equation 9.9:

= [—17.94¢ 7795 1 150 cos (4000t — 96.87°)| mA, £ >0

[b] Transient component = —17.94¢75333:33 m A
Steady-state component = 150 cos(4000t — 96.87°) mA
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Problems 9-11

[c] By direct substitution into Eq 9.9 in part (a), (750 us) = 38.44mA
[d] 150mA, 4000rad/s, —96.87°
[e] The current lags the voltage by 36.87°.

P 9.10 [a] From Eq. 9.9 we have
di  ViuRcos(¢ —0) o—(R/D)E _ wLV,, sin(wt + ¢ — 0)

dt R+ Ww?L? VR? + w22
Ri —VinRcos(¢ — 0)e~B/L)1 N ViR cos(wt + ¢ — )

1 =

VR? + w22 VR? + W L?

di , Rcos(wt+ ¢ — 0) — wLsin(wt + ¢ — 0)
L—+ Ri=1V,

dt i VR? 4+ w?L?
But

al 0 d wl sin 6

—— =cosf ad —/ —— =
VR? + w22 VR 4+ W2
Therefore the right-hand side reduces to
Vi cos(wt + @)

At t =0, Eq. 9.9 reduces to

. —Vmcos(p —0)  V,,cos(¢p —0)
i(0) = +
VR2 + w22 VR? + w22
Vin

\/ﬁ COS(wt + ¢ - 9)
Therefore
Ldz'ss _ —wlLV,

dt  VR? + W22

and

[b] iss =

sin(wt + ¢ — 0)

B ViR 0
= WCOS(wt‘I‘QS_ )

diss . Rcos(wt + ¢ —0) —wLsin(wt + ¢ — 0)
N VERE + 22

=V, cos(wt + ¢)

P9.11 [a] Y =30/—160°+ 15/70° = 29.38/170.56°

y = 28.38 cos(200¢ + 170.56°)
[b] Y =90/ —110° + 60/ — 70° = 141.33/ — 94.16°

y = 141.33 cos (50t — 94.16°)
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9-12

P 9.12

P 9.13

P 9.14

CHAPTER 9. Sinusoidal Steady State Analysis

[c] Y =50/—60°+25/20° — 75/ — 30° = 16.7/170.52°

y = 16.7 cos(5000t + 170.52°)

[d] Y =10/30° + 10/ —90° + 10/150° = 0

y=0
[a] 400Hz
[b] 6, =0°
100/0° 100
I= —=_—""/_90°. 6 =—90°
JjwlL wL/ ’
100
90 L=5Q
[c] —F ;W
5
dl L =—— —=1.99mH
] Soor  9m

[e] Z, = jwL = j59

[a] w=2nf = 1607 x 10° = 502.65 krad/s = 502,654.82rad/s

25 x 1073 /0°

b| I= =9 2 1_3 °©—9 1—3 o
(b] juC JwC(25 x 107%)/0° = 25 x 1073w /90°

0; = 90°
[c] 628.32 x 107 =25 x 10? wC
1 25x1078
wC  628.32 x 106
1 1

[d] = 30.79(w)  (39.79)(1607 x 10°)

=39.79Q, .. Xc=-39.79Q

C =0.05x107% = 0.05 uF

-1
Z.=j— ) =—439.79Q
[e] ]( C) 739.79

[a] V, = 300/78"; I, =6/33°

V, 300/78°
Z =2 =" =50/45°Q
I, 6/33° M5

[b] i, lags v, by 45°:
onf =5000m;  f=2500Hz; T =1/f =400 us

o

45
ig lags v, by ﬁ(ZLOO ps) = 50 ps
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Problems 9-13

P 9.15 [a] Z = j(500)(50 x 107%) = j25Q

—J

Zo = = —762.50
¢~ (500)(32 x 10-5) 7
25} j250]
A, DA A W
/ T
25,/-60° V() T -j62.50
25/ —60°
[b] I 6 _ 554.7/ — 3.69° mA

T 25+ j25 — j62.5
[c] i = 554.7 cos(500t — 3.69°) mA

P 9.16 [a] jwL = j(2500)(0.01) = j250

1 1
— = —j — —j40Q; I, =125/—30°A
jwC  T(2500)(10 x 106) ~ T [=30°
30!
o
125é§QDAGD £ 250 §j25ﬂ 13409
[b] V, =125/ — 30°Z,
1 11 1
Ze =5 Ye=—+ -+ 7
Ye 25+]25+30—]40

Y, = 52 — j24mS$

1

= 4 = 17.46/24.78°
0.052 — 50.024 S

e

V, = (125/ — 30° )(17.46/24.78° ) = 2182.6/ — 5.22° V

[c] v, = 2182.6 cos (2500t — 5.22°) V

1 1 1
P 9.17 Y =
[a] 544 16-j12  —jd

= 0.12 — 50.16 + 0.04 + j0.03 + j0.25
= 160 + j120 = 200/36.87° mS
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9-14 CHAPTER 9. Sinusoidal Steady State Analysis

[b] G = 160mS
[c] B =120mS

1 8
d I=8/0°A V===——"——"—=40/-3687"V
1] S/°A, Y  0.2/36.87° :

V  40/—36.87°
I = — — =221 _ 10/53.13° A
“T 7 4/—90° [53.13°

ic = 10 cos(wt + 53.13°) A, I, =10A

P 9.18 [a] Zl = Rl ‘l‘j(ULl
. Rg(j(ULg) . szgRg —l—]u)LgR%

T — —
7 Ry + jwLs R% 1 w22
w2L2R2 R2L2
Zy =2, when Rj=-—2"-_ d L1 = —2=_
! 2 when R3 + w23 an "R W22

(4000)2(1.25)2(5000)
b] R = = 2500
bl By = 55002 + 40002 (1.25)2

2
o B00rs)
50002 + 40002 (1.25)?

1 J
P 9.19 Yo=— — —
[a] 2 R2 ng
1 . R1 —j(ULl

Y, = —
"7 Ri+jwLl,  R?+w2L2

Therefore Yo =Y when

:R%—I—sz% and LzzRf—l—sz%

R
2 R1 w2L1
80002 + 10002 (4)?
bl R, = — 10kQ
[b] B, 8000
2 2 2
o 8000% + 1000%(4)* -
10002 (4)

1
P 9.20 Z1=Ry—j—
[a] 1 1 ]wCl

7 Rg/j(UOQ . R2 . R2 _j(UR§OQ
7 Ryt (1/jwCy) 14 jwRyCy 1+ w?R3CE
e and

LTz W M T RIS
1+ w?R3C3

1 (.UR%CQ
Ci=— "2
or ! sz%CQ

wC 1+ w?R3CE
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Problems 9-15

1000
b] R = = 2000
[b] F1 =17 (40 x 103)2(1000)2(50 x 10—4)2

1 (40 x 10%)2(1000)%(50 x 107)?

Cy = — 62.5nF
17 740 x 108)2(1000)2(50 x 10-9) "
1
P9.21 [a] Yo =— + jwC,
Ry
1 ijl szle +jw01

Y,

T R+ (1jwCh) 1+ jwRiCr 1+ w?RIC?
Therefore Y1 =Y, when

1+ w?R2CE Ch
Ry=—"—""171 and Ch=—"
TR Y T IR0 RC?
1+ (50 x 10%)2(1000)2(40 x 10~9)2
b] R, = = 12509
[b] £ (50 x 108)2(1000)(40 x 10-9)2
-9
C, 40 x 10 -

" 1+ (50 x 103)2(1000)2(40 x 10-9)2

P 9.22 Zu =5+ j8+ 10| — j20 + (8 + 516) (40 — 580)

=548+ 8 — j4 + 12 + j16 = 25 + j20Q = 32.02/38.66° 2

P 9.23 First find the admittance of the parallel branches

1 1 11
Y, — S —0.375—j0.125S
T2 Taxj2 57510 J

1 1
Z, = — — 2.4+ j0.80

Y,  0.375 — j0.125
Zuy = —712.8 + 2.4+ jO.8 + 13.6 = 16 — j12Q

11
Zap 16 — 512

Yo, = = 0.04 + j0.03S

= 40 + j30mS = 50/36.87° mS

1 ‘ 1 JWRL
P 9.24 —— + R||jwL =
[a] JwC + Bflje JwC + jwL + R

_ jwL+ R —w?RLC
 jwC(jwL + R)
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9-16

P 9.25

P 9.26

CHAPTER 9. Sinusoidal Steady State Analysis

_ (R—w?RLC + jwL)(—w?LC — jwRC)
(—w?LC + jwRC)(—w?LC — jwR(C)

The denominator in the expression above is purely real; set the imaginary
part of the numerator in the above expression equal to zero and solve for
w:

—W3LAC — WwRYC + WPR*C?’L =0
WL - R+ VPR’LC =0
) R? 2002

- - — 950,000
Y T RILC — 12~ 2002(0.4)(20 x 10-5) — (0.4)2 :
w = 500 rad/s
‘ (200)(;j200)
b] Zu(500) = —5100 + 220 _ 000
[b] Za(500) = —=j100 + o520 s
[a] R=300Q=1200Q + 1809
1
L— — = —400 10,000L — — 400
YET L0 o 10,000C
Choose L = 10 mH. Then,
1 1
— 100 + 400 C=—— = 02uF
10,000C + i 10,000(500) K

We can achieve the desired capacitance by combining two 0.1 uF
capacitors in parallel. The final circuit is shown here:

1200} 180%)
——A A
F0.1pF = 0.1uF
10mH W
[b]oom—é so w?= ! =5 x 10
T w(0.2 x 1076) ~0.01(0.2 x 10-6)
w = 22,360.7 rad/s
[a] Using the notation and results from Problem 9.19:
20
R|| 04720 so Ry 0, 1= 2500 m
40% + 50007 (0.004)?
Ry = 2 TSORO0047 _ 5
40
4 2 2 004 2
L, = 0% + 5000%(0.004) 90w

50002 (0.004)
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Problems 9-17

Ryl jwLa = 50][5100 = 40 + j20Q  (checks)

The circuit, using combinations of components from Appendix H, is
shown here:

10mH

21000 £ 1000
10mH

[b] Using the notation and results from Problem 9.21:
R|C =40 —3j20 so Ry =40, C)=10uF

1 + 50002(40)2(10 p)?
) = =500
50002(40)(10 12)?

B 10
14 50002(40)2(10 )2

Ry |[(—7j/wCs) = 50||(—=4100) = 40 — 520 (checks)

02 :2,uF

The circuit, using combinations of components from Appendix H, is
shown here:

= 1|_1_E‘ :ll_j_F ngDQ 1008}

P 9.27 [a] (40 + j20)||(—j/wC) = 50||7100||(—j/wC)
To cancel out the 57100 €2 impedance, the capacitive impedance must be

—1009:

) —j100 so C = 1 = 2uF
5000C (100)(5000)
Check:

R|jwL]|(=j/wC) = 50]|j100]|(=7100) = 502

Create the equivalent of a 2 uF capacitor from components in Appendix
H by combining two 1 uF capacitors in parallel.
[b] (40 —j20)||(jwL) = 50[|(—7100)||(jwL)
To cancel out the —5100 €2 impedance, the inductive impedance must be
7100 Q:
100

'5000L = 7100 L= — —920ml
J J i 5000 o
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9-18 CHAPTER 9. Sinusoidal Steady State Analysis

Check:
R jwL|[(=j/wC) = 50|100[|(—5100) =50
Create the equivalent of a 20 mH inductor from components in Appendix
H by combining two 10 mH inductors in series.
1
(2000)(100 x 107?)

P 9.28 Z = 4000 + j(2000)(0.5) — j

= 3000 4 71000 — 55000 = 3000 — 54000 €2

LY 80/0°

_ OB 96+ i12.8 = 16/53.13° mA
7 = 3000 — j4000 T [53.13" m

io(t) = 16 cos(2000t + 53.13°) mA

1 1

P 9.29 =
jwC — §(5 x 10-6)(8000)

= —j250

jwL = j8000(3.125 x 107%) = j25Q

V, = 60/—90°V

o
=
[\
Lo
(]
[m]
=
i
L
<1
T
o
[}
2
]

T -jz2st!

Zo = j25 + (50| — j25) = 10 + j59

60/ —90°

X o4 i48A
9710 + 45 J J

V, = (50|| — j25)I, = (10 — j20)(—j2.4 — j4.8) = —120V

v, = —120 cos 8000t V
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Problems

P930 V,=25/-90°V

1

=200
JwC J
jwL = §10Q
50} 10{}
iy Ay
ID—>‘-
25/ 900V {E ij(g Lo = -3200)

Zoq =5+ j10]|(10 + 20| — 520) = 10 + j10Q

V, 25/—90°
Zeoq 10+ 510

I, = = —1.25—71.25 = 1.77/ = 135° A

i, = 1.77 cos (4000t — 135°) A

P9.31 [a] WLC = —j250Q
jwL = 2000
Z, = §200||(100 + 500|| — j250) = 200 + 2002
I, = 0.025/0°
V, =1,Z. = 0.025(200 + j200) = 5+ j5V

100f!
iy

+ +

(100 -jzom0| v

I, ¥,  4z000

AAAS

100 — 5200

= —— I (54 j5) = 5+ 2.5 = 5.59/26.57° V
200 = jaop 0 HID) =B+ (2657

o

Vo = 5.59 cos (50,000t + 26.57°) V

9-19
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9-20 CHAPTER 9. Sinusoidal Steady State Analysis

25,000
[b] w=2rf =50,000; f=—
™
1 us
f 25000 M
26.57
W(ZLOTI',[LS) =9.27 us
U, leads ¢4 by 9.27 us.
P 9.32
L -
I, =-320
V
130 i
I, 15
% I —
25 @ v CD -7 5Q
+ Iz I,
a
v T-330
_ 40
A
V) = j5(—j2) = 10V
‘ 15 ‘
“5104+ (4B =0 . L= o =244 jL8A
—-J

I, =1, — j5= (244 j1.8) — j5 = 2.4 — j3.2A

Vy=—j5Iy + (4 — j3)I; = —j5(2.4 — j3.2) + (4 — j3)(2.4 4+ j1.8) = —1 — j12V
—25+ (144334 (—1—412) =0 .. I3y=62—j6.6A

I;=I;—I,= (62— j6.6) — (2.4 — j3.2) = 3.8 — j3.4A

V,  —1-j12

g —_%__- J=
I, 38—;34

= 1.42 — j1.880Q

STUDENTS-HUB.com Uploaded By: Jibreel Bornat



Problems 9-21

P 9.33
o] —
L4 |
200 vy 120 1168 g
A AN T

100-350 Vi) §j5g =-31100  4)30+720A

Va— (100 —j50) | Vi, V. — (140 + j30)

20 7o 12 + 516

Solving,
V., =404 3730V

‘ 140 + j30 (40 + j30) — (140 + j30)
T, + (30 + 520) — =0
2+ (30 +j20) = ——75—+ 12+ 716

Solving,
I,=-30—410A

100 — 550) — (140 + 530)
—30 — 410

L,

=2+ 520

P 9.34 Z; = j(10,000)(10 x 107?) = 5100

—j 4
Zo = = —3550Q
¢~ (10,000)(2 x 10-6) 7
Construct the phasor domain equivalent circuit:
50002 -q500 =
0.06/0° 7 I
[0 |1,
leDQE 10000 ¥,
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9-22 CHAPTER 9. Sinusoidal Steady State Analysis

Using current division:

B (50 + j100)
50 + 5100 + 100 — 550

(0.06) = 30 + 530 mA

V, = 100I = 3 + j3 = 4.24/45°
Vo = 4.24 cos(10,000t + 45°) V
P9.35 V,=40/—15°V; I, =40/—68.13°mA

Vy

J = I— = 1000/53.130 Q =600 + 78002
g
) 0.4 x 108
7 =600+ (320 — —2 2
w
6
390 — 0.4 x10° _ 300
w

w? — 250w — 125,000 = 0

Solving,
w = 500rad/s
P 9.36 [a]
1000()
A
+ I.—
jasotl =-jio000f)
Ig@ \[/Ia v, \l/u.nzm D) 350V
soni) z zo00(}

V), = (2000 — 51000)(0.025) = 50 — j25V

50 — j25 |
L= 2T 6 i80mA = 100/ — 53.13° mA
500 + 250 Jevm [=53.13 m
50 — j25 + 50
I, = ‘500; I _ 50 4+ j25mA = 55.9/26.57° mA

I, =L +1I,+I. =135 — j55 mA = 145.77/ — 22.17° mA
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Problems 9-23

[b] ia = 100 cos(1500¢ — 53.13°) mA
ic = 55.9.cos (1500t + 26.57°) mA

ig = 145.77 cos (1500t — 22.17°) mA

P 9.37 [a] In order for v, and i4 to be in phase, the impedance to the right of the
5002 resistor must be purely real:

JwL(R+1/jw(C)

jwL+ R+ 1/jwC

Zeq = jwL|[(R+ 1/wC) =
_ JjwL(jwRC +1)
© jwRC — w2LC + 1

(—w?RLC + jwL)(1 — W’ LC — jwRC)
(1 —w?LC + jwRC)(1 — w?LC — jwRC)

The denominator of the above expression is purely real. Now set the
imaginary part of the numerator in that expression to zero and solve for

Ww:
wL(1 — W*LC) + W RYIC* = 0
1 1
So  Ww? = = 6,250,000

T LC— R2C? (0.2)(10°5) — 2002(10-5)2
w = 2500 rad/s and f=397.9 Hz
[b] Zeq = 500 + j500||(200 — j400) = 1500 Q)

~90/0°
91500

ig(t) = 60 cos 2500t mA

= 60/0° mA

P 9.38 [a] For i, and v, to be in phase, the impedance to the right of the 4802
resistor must be purely real.

(1/jwC)(200) _ - 200

- _ 200
IR ) 200 M T T 20000

200(1 — 200jwC)

1 + 20020,2C?
JwL(1 + 2002w2C?) + 200(1 — 200jwC)
1 + 20020,2C?

In the above expression the denominator is purely real. So set the
imaginary part of the numerator to zero and solve for w:

wL(1 + 200%w?C?) — 200°wC =0
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9-24 CHAPTER 9. Sinusoidal Steady State Analysis

,  200°C'— L  200%(3.125 x 10-%) — 0.1
“ T T2002C2L T 2002(3.125 x 10-6)2(0.1)

— 640,000

w = 800 rad/s
[b] When w = 800rad/s
Z, = 480][780 + (200|| — j400)] = 1202
V, = Z,1, = 120(0.06) = 7.2V
v, = 7.2cos 800tV

P 9.39 [a] The voltage and current are in phase when the impedance to the left of
the 1 k{2 resistor is purely real:

1 ‘ R+ jwL
Loy = ——||[(R L) = ‘
4 ijH( +jwl) 1+ jwRC — W2LC

(R+ jwL)(1 — w?LC — jwRC)
(1 1 o2LC) + P R2C?

The denominator in the above expression is purely real, so set the
imaginary part of the expression’s numerator to zero and solve for w:
—wR*C +wL —W*L*C =0

,  L—R*C _ (0.01) — 240%(62.5 x 10™)

— = 1024 x 10°
[2C (0.01)2(62.5 x 10-9) %

w

w = 32,000 rad/s
[b] Z = 1000 + (—j500)[|(240 + j320) = 1666.67

v,  15)0°
IO = — — == 9 00 A
Zr  1666.67 [0°m

1o = 9cos 32,000t mA

j
P9.40 [a] Zc = 1000 (105

= —710009

2500jwl  j2500wL (2500 — jwL
2500 + jwl 25002 + w2 L2

71 = 2500||jwl =

2500w? L? + 25002 jw L
25002 + w?L?

Zr =500 + Z¢ + Z; = 500 — 51000 +

Z7 is resistive when

2500%w L

_ Y1000
25002 + w2L? or
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Problems 9-25

L*(1000w?) — L(2500%w) + 1000(2500%) = 0
For w = 1000:
L? —6.25L +6.25 =0
Solving, Ly =5 H and Ly, = 1.25 H.
[b] When L =5 H:
Zp = 500 — 51000 + 250055000 = 2500 €2

_40/0°
99500

ig = 16 cos 1000t mA

= 16/0° mA

When L =1.25 H:
Z7p = 500 — 571000 + 2500]| 71250 = 1000 2

_ 40/0°
91000

ig = 40 cos 1000t mA

= 40/0° mA

R

. O R
P 9.41 z, = —J¥ =
041 Al 2= B j00) T T3 juRC

10,000 ~ 10,000
1+ 5(5000)(10,000)C' 1+ j50 x 106C
10,000(1 — 550 x 10°C)

1+ 25 x 101402

10,000 . 5x10'C

T 1125 %1042 71125 x 10142

jwL = §5000(0.8) = 54000

5 x 101 C

4000 =
1425 x 1014C?

10MC? — 125 x 10°C' +1=0
C?—5x10%C +4x10716 =0

Solving,

Cy =40nF Cy = 10nF
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9-26 CHAPTER 9. Sinusoidal Steady State Analysis

10,000
b] R. = ’
[b] 1+ 25 x 101402
When C = 40nF R, = 20009;

80/0°
I, = 20{)—0 = 40/0° mA; iy = 40 cos 5000t mA
When C' = 10nF R. = 8000 ;

80/0°
I, = 80{)_0 = 10/0° mA; iy = 10 cos 5000t mA

P 9.42 Simplify the top triangle using series and parallel combinations:
A+ 1)1 - 1) =10

Convert the lower left delta to a wye:

DO _ g

Z: pu—

T+
—i1)(1

A L |
1451 —71
V(i1

Z, = (‘71)‘( J) _10
1+71—71

Convert the lower right delta to a wye:
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Problems 9-27

O _ g

Z: pu—
ST 14411

The resulting circuit is shown below:

10

<\l
310 10

b

a

Simplify the middle portion of the circuit by making series and parallel
combinations:

(1451 — 511 +1) = 1]|2 = 2/3Q
Zay = —j1+2/3 +j1 = 2/30

P 9.43 [a] jwL = j(400)(400) x 107% = 5160
1 —J

= = —3800Q2
jwC ~ (400)(31.25 x 10-6) 7
3z0f)
iy L 3=}
-350v (3) = -jaofl g 316000
 Js]

Using voltage division,
—780]|7160
320 + (—48017160)
Vo, =V =-20— 3510V

Vb = (—550) = —20 — j10V

[b] Remove the voltage source and combine impedances in parallel to find
Zrh = Zap:

Zpn = Z, = 320|| — j80]|7160 = 64 — j128
[c]

ca0 -31zal)
AR I o2

(-20-j10yv i
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9-28 CHAPTER 9. Sinusoidal Steady State Analysis

P 9.44 Step 1 to Step 2:

180/90°
730

—6/0° A

Step 2 to Step 3:

(j30)||15 = 12+ j6Q;  (6/0°)(12 + j6) = T2 + j36V

Step 3 to Step 4:

Zn =12+ j6 — §30 = 12 — j24

Step 1 7300} -j30f)
VT |1

180/90"v(: £150)

Step 3 _3300)

(72+j36)vc

®a

L]

(12496)[) |—A—®a

L Qs

P 9.45 Step 1 to Step 2:
(0.12/0°)(250) = 30/0° V

Step 2 to Step 3:
250 — 5400 + 5150 = 250 — 7250 €2;

Step 3 to Step 4:

(250 — §250)(|500 = 200 — 100 ;

STUDENTS-HUB.com

24036
Iy =——"—=343A
NT 1o
Step 2 —4300)
1l &2
6/0°n (& 33000 2150
or
Step 4
o=
%125‘2
13 (1
334 -j24(]
[ .
30/0°
———— =60 — j60mA
250 — j250 Jovm

(200 — §100)(0.06 — j0.06) = 18 — j6V
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Problems 9-29

Step 1 Step 2
I =1 It * I
-j400() 250() -j400()
120/@'&9 S0 /v é_wg J
A 25000 % £500() 2500 ()
315087 ‘ j150f)
YT o] YTy ol
Step 3 Step 4
® - zoo{l -3100(]
Ay I -
(60+760)ma (H)|(250-32505(] 5000 (18+36) @
b oL

P 9.46 Open circuit voltage:

®:
+
_jZDQ:: /_\/ §4DD
T
a
W VDE
200}
(0.4+440.2) A /[\ /_\/ %jlﬁﬂ
(0.4+90.2) -
eb

—j201, + 401, + 20(I, — 0.4 — 50.2) = 0

Solving,

~20(0.4 + j0.2)

L, ‘
60 — 720

= 0.1+;0.1A

Ve = 401, 4 j16(0.4 + j0.2) = 0.8 + j10.4V
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9-30 CHAPTER 9. Sinusoidal Steady State Analysis

Short circuit current:

o=
-3200 = %400
T
Ly /_I\/
20 Q sc
(D.4+jD.2LA(ﬂE) 'f_wfb, gjlﬁﬁ
(0. 4+70.2)
&b
—j20L, + 40(I, — L) + 20(L, — 0.4 — j0.2) = 0
40(I — L) + j16(I — 0.4 — j0.2) = 0
Solving,
I. =03+ j05A
Von 0.8+ 510.4 ‘
ZTh = = =16 8
T T 034405 +J
P 947
(-15047150) m&
ZTh
vTh@) § zoah!
Voin = (—0.15 4 j0.15) Zry, + (—30 + j30)
1000 5V,
Ay i S
+y, — N
(-40+740) v(E EEE?L =-3100 V..
L ]
7200y, 40 — j40 1200V 1y + (—40 — j40)(Zn + j200)
Zm + 5200 Th J J Th ) Th T J
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Problems 9-31

Place the two equations in standard form:
Von + (0.15 — j0.15) Z1, = —30 — 530

7200V + (40 + j40)Crpy, = (—40 — 540)(5200)

Solving,
Vi = 5240V, Zrn = 600 — 5800 €2
soo{] -3800f()
Ay I 0
240f9_n°v@

P 9.48 Short circuit current

(-40+740) v

J

"
i}
|
-
'_!.
[
o
H
m

n

V. — j10(I; — I.) = —40 + j40
—5V, — j10(I — 1) =0
Vm - 1011

Solving,

Iy =1I.=06+j4A
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9-32 CHAPTER 9. Sinusoidal Steady State Analysis

Open circuit voltage

100 oV,
A _ e
+ v, — .
(-40+740) v ﬂ/ =-3100 V..
*
—40 + 74
S LU
10 — 710
V, =10 =—-40V
Ve =5V, — 7101 = —200 + 540V
—200 + j40 ‘
N T g4 +J
P 9.49 Open circuit voltage:
zon  jiol 500
- AR iy s =1
+ +
250@ V(2 0.03v, Tow, v =-31000
=2 b
Vi — 250 Vi
—— —0.03V,+ ——=0
20 4+ 710 +50—3100
4100
°7 50 — 4100
Vi J3Vy Vi 250

20+ 10 | 50— 4100 | 50— j100 _ 204 j10

Vi =500 —j250V;  V,=300— 400V = V,
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Problems 9-33

Short circuit current:

2o 3100 500)
s P A O ] LYY

250@%{_ Tsc

250/0°

ISC — 55 . A
70 4+ 710

=3.5—j0.5A

Vin 300 — 5400
I. 35-305

Zrn = — 100 — 51002

The Thévenin equivalent circuit:
100f)  -jlo0f!

— | &%

(Ds00/-53.13"v

P 9.50 Open circuit voltage:

2000 -§500

s I e:a
Lo Ilif' ’
5/0 v + S £100 v,

1
?Vz ElEqu)

V2 V2 - l\/2
S22 88T, 4 5
T Ty

[ 5= (Va/5)
¢ 200

Solving,

Vy = —66 + 788 = 110/126.87° V = Vr,
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9-34 CHAPTER 9. Sinusoidal Steady State

Analysis

Find the Thévenin equivalent impedance using a test source:

2000 -4500 Ir
g il eea
EIFD "
AN/
o J 2100 v,
BBIy
eb
VT 08Vt
Ir=— +88I
T=Tp Tt T
-Vr/5
I, =
200

1 Vr/5 08
r/5 )

Ipr=Vr|— —88
T T(lO 200 ' —450

Vin  —66+ 588
Zrn 30 —j40

In =

The Norton equivalent circuit:

® 2
éBDQ

2.2Zg%x( J_

-j40(
1_ L 35
P 9.51 [a]

] ;__>;T —jlﬂDDQ

+ +

V. ¥, £ 10000 a¥,
be
IT VT VT — OéVT

= 1000 T =;1000
Ir 1 1-a) j—-1+a

Vy 1000 51000 41000
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Problems

Z1y is real when o = 1.

[b] Zry = 10009

. 71000
Zmn = 500 — 5500 = ———
L] Zn J a—1+7
1000 11000(cr — 1)

@—12+1 la—12+1
Equate the real parts:

1000 _ )

(a—1*=1 so a=0

Check the imaginary parts:

(ov — 1)1000 _ _500
(0 —=1)24+1 la=1
Thus, a = 0.
(] Zm — 1000 .1000(a — 1)

(@—12+1 Ja—12+1
For Im(Z1y,) > 0, @ must be greater than 1. So Zty, is inductive for
1 <a<10.
P 9.52 jwL = j100 x 10*(0.6 x 107%) = 60

1 —J ‘
jwC (100 x 10)(0.4 x 10-6) 7

-jz25 0 BIB
4 i + -
—1 Tr

: §j6DQ £300

Vi = —325Ip + 5Ia — 301

— 60

- g
27304560 "
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9-36 CHAPTER 9. Sinusoidal Steady State Analysis

4 J60
V+=—5251 25——1
I T BT
A\Y
Iy
1 10°
P 9.53 = = 8kf)
wCq 50,000(2.5)
1 10?
wCy  50,000(5)
I 2.4kl 301 —74k()
% T 1} i, Té :IH
+  -3Bk0 L
v 900 3.3k00
R zlnIT\L ‘

Vi = (2400 — j8000)I1 + 40I1(90)

A\
Trn = I—T = 6000 — 58000
T

VT T
+ +
2a0/0°(: v, 2500 v, £300

V,—240 V, Vv,
4 ——— =0
710 50 ' 304410

P 9.54

Solving for V; yields
V), = 198.63/ — 24.44° V

30

— 2 (V,)=188.43/ —42.88°V
30 +j10( ) [—42.88°

o
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Problems 9-37

P 9.55 Set up the frequency domain circuit to use the node voltage method:

+ Vg -
_4a0)
-58{} v 12
v, | : «g\,
508 (4 gqu (Mzofa0®v
V-V V. —20/90°
At Vy: =500 4 T2 T 000 _
—J8 —Jj4
Vo—-—V; V, V,y— 20/90°
At Vs - 4+ 24 L ===
2 8 T a T 12
In standard form:
20/90°

1 1 1
Vi —+ — Vol ——| =5/0°
1<_j8+_j4>+ 2< _j8> [0° + —

1 1 1 1 20/90°
Vi) Ve (gt g =

12

Solving on a calculator:

8 4 4
Vlz—g—l-]g V2:—8—|—]4
Thus

8 o6
Vg :V1 —20/9_002 —g —jgv

P 9.56 jwL = j(2500)(1.6 x 107°) = j4Q

1 —J
jwC — (2500)(100 x 10-6)

= —j4Q

I, = 5/0° A

STUDENTS-HUB.com Uploaded By: Jibreel Bornat



9-38 CHAPTER 9. Sinusoidal Steady State Analysis
V, =20/90°V
—440
o ID o
500D | 3910 O20f0%v
v
V-V, V;—j2
54 1 A 2 1—J 0
—J8 —Jj4
Vo—V; Vy Vy;—352
2 ‘ 1 I _2 2 — 20 0
—78 74 12
Solving,
4 V, o
Vy,=-8+ 74V, I,=—=1+72=224/63.43° A

j4

= 2.24 cos(2500¢ + 63.43°) A

P 957 jwL = j(400)(50 x 10~

1
JwC

—J
~ (400)(50 x 10-6)

V1 =25/53.13° =15+ j20V

%) =3520Q

= 509

Vo =18.03/33.69° =15+ j10V

-35082 v, 320(2
15+320 = 15+710
¥ ¢ {1509 D
v
Vo (15+420) Vo  V,—(15+410)
—190 150 720
Solving,
V, = 15/0°

Uo(t) = 15 cos 400t V
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Problems 9-39

P 9.58 Write a KCL equation at the top node:

(10 + j10) = 0

V, V,—24In V,
— + 4 + — -
-8 74 5

The constraint equation is:

I = V?

Solving,
V, = j80 = 80/90° V

P 9.59

+ v 201 +
(6+713)mA(D) v, £500 J> v, 25000 T-3250

vV, V,
—

20I, = 0
50 T —j25 |

(2 + j4)V, = —2000I,
V, = (=200 + j400)L,

I — Vl - (Vo/lo)
o 725
Vi = (=20 + j65)1,
‘ V; 4 ‘
0.006 + j0.013 = =t I, =(-04+51.3)I,+ 1, = (0.6 + j1.3)I,

0.6+ 51.3(10 x 107%)

= 10/0° mA
0.6+ j1.3) [0 m

I

V, = (=200 + j400)L, = —2 + jd = 4.47/116.57° V
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9-40 CHAPTER 9. Sinusoidal Steady State Analysis

P 9.60
~340)

_jHSQ /Ra/
5/0° A (1 /K—HYL, E j4Q//—H%$' 420V

1200
e

(12 — j12)I, — 121, — 5(—48) =0
—12L, + (12 + j4)I, + 520 — 5(j4) =0
Solving,

I, =4—j2=447/-2657° A

P 9.61 The circuit with the mesh currents identified is shown below:

-350{2 1200
(15+320) V(2 ﬂzl 150m T (15+910)V
Iz

The mesh current equations are:

—(15 + 520) — 5501; + 150(I; — I) =0
15 4+ 510 + 150(I — Iy) + 5201, = 0O

In standard form:

I, (150 — 750) 4+ Io(—150) = 15 + 520

I, (—150) + I5(150 + 520) = — (15 + 4510)
Solving on a calculator yields:
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Problems 941

Thus,

V,=150(I; — L) =15V
and

Vo(t) = 15 cos 400t V

P 9.62

10,/0°v(® TN EITTY O 5@%
IZ

10/0° = (1 — 5 1)I; — 11, + 5113
—5/0_0 = —1I; + (1 —|—j1)12 —g113
I=j1L —jll + 15

Solving,

L =11+j10A; TI,=11+3j5A; I;=6A
L=I,-1=5A

=1, —I; =5+ j10A

L=I-I;=5+j5A

Li=I,-L=35A
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9-42 CHAPTER 9. Sinusoidal Steady State Analysis

P 963 V,=—j18V; V=12V

jwL = 5(4000)(25 x 107*) = 510092

—J -7 ‘
= _ — 4000
wC 40000625 x 10-5) "’

-j4000) 4o00i)
I - Wi ‘

-J1EVT] TN+

oo 12v
I, v,f31000 I, ﬁ}

—j18 = —53001, — 51001,

—12 = —;1001, + (400 + j100)I,

Solving,

I,=67.5— j7.5mA: T, = —22.5 + j22.5mA
V, = j100(I, — I) = 3 + 9 = 9.49/71.57° A
Vo(t) = 9.49 cos (4000t + 71.57°) A

P 9.64 jwL; = 5500004 x 1073) = j20Q;  jwLs = j5000(110 x 107%) = 5502

1 —7 .
JwC — (5000)(4 x 10-6) 7
I? —j5lr£m ]2002

15500 +

75007V ff {ﬁ 1002,

1001, -

75/0° = j500I — 10015 — j5501,

0 = (10 + j20)I, + 100IA + j550(I, — In)
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P 9.65

P 9.66

P 9.67

STUDENTS-HUB.com

Problems

Solving,

I = j2.5A

V, = 10I, = j25 = 25/90°

v, = 25 cos(5000t — 90°) = 25sin 5000t V

. »
L J — —j32009)
jwe — (100,000)(3.125 x 10-9)

jwL = j(100,000)(80 x 107%) — 8000 2

Let
Zy = 1200 — j320092; Zy = 2400 + 78000 Q2
7y 2400 4 78000 ‘
=22y, = S TIY 190) = 156.8 + j57.6 = 167.045/20.17°
Zi+ Z, ¢ (3600 +j4800( ) +J [20.17°
v, = 167.045 cos(100,000¢ + 20.17°) V
1 —J

_ — 400
jwC ~ (250)(100 x 10-6) 7

jwL = j(250)(0.8) = 2000
Let Z1 = 20 — j40Q;  Zy = 100 + 2009
I, = 60/0°mA

L LZi (0.06)(20 — j40)
T Zi+ 2, (120 + j160)

= —6 —j12mA = 13.42/ — 116.57° mA

io = 13.42 cos(250t — 116.57°) mA

9-43

[a] Superposition must be used because the frequencies of the two sources are

different.
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9-44

[b] For w = 2000 rad/s:
120

CHAPTER 9. Sinusoidal Steady State Analysis

~450

20/36.87V(

10| — j5 =2 —j4Q

v __ 2
R S R
For w = 5000 rad/s:
350 -320
+
v, 2100 C

7510 = 2 + j4Q

2444
244452
Thus,

02

(20/ — 36.87°) = 31.62/ — 55.3°V

106,267V

(10/16.26°) = 15.81/34.69° V

0o(t) = [31.62 cos(2000 — 55.3°) + 15.81 cos (5000 + 34.69°)] V

P 9.68
different.
[b] For w = 16,000 rad/s:

-4j1008) 4oof)
{ | -

[a] Superposition must be used because the frequencies of the two sources are

L P
V'iju@

10V

V! — 10
—4100

‘7/ ‘7/
o o 0
j400

400

(11 1) 10
o\ =100 " j400 " 400/  —;100

V) =124 j4V

STUDENTS-HUB.com

Uploaded By: Jibreel Bornat



Problems 9-45

!

A%
I ° =10 — 730mA = 31.62/ — 71.57° mA

400
For w = 4000 rad/s:
-j4n0t) 400f()
L iy
.
V"EleDQ Ozoltv

V// V// V// _ 20
o o o — 0
—5400 " j100 ' 400

20
Vio(j—j4+1)=20 so V’O’:m:2+]‘6v

" _ A\ _ 2+ 76
¢ 4100  —35100
Thus,
io(t) = [31.26 cos(16,000t — 71.57°) + 63.25 cos (4000t — 18.43°)] mA

= 60 — j20mA = 63.25/ — 18.43° mA

1
P 9.69 V,=20/0°V; —— = —740012
JwC

Let V, = voltage across the capacitor, positive at upper terminal

Then:
V,—20/0° V., V. 4
A —0; . V.= (8—j4)V
100 2200 Tao0 (8=74)
0—V, 0-V, Vv,
0 V,=-——%
00 " 200 Y 2

V,=—4+ 52 =4.47/153.43°V

Vo = 4.47 cos(5000¢ + 153.43°) V

P 9.70 [a]
2000
Ay
v
4000 4000
A " ;
20@0\%) L*‘ .
jac, 27k 0
6V
v
V., —20/0° V.
< == Oova =0
w0 Y 100
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9-46 CHAPTER 9. Sinusoidal Steady State Analysis

20

Vo= ——
2 4+ 7400wC,
Va
V,= —
2
—10 10/180°

Vo - : == ;
2+ 72 x 10°C, 2+ 42 x 105C,

denominator angle = 45°

so 2x10°C, =2 .. C=1uF
10/180°
b] V,= —— =3.54/135°V
[b] 51 0 /

v, = 3.54 cos(5000t 4+ 135°) V

P9.71 [a] V,=25/0°V

20 . o e
V= 1Ve =5/0%  Va=V,=5/0°V

) 55—V,

=0
30,000 Z,

Z, = —380,000]]40,000 = 32,000 — 516,000 2

57,

= —7—j=707/—813
So000 to =T 7.07/—8.13

v, = 7.07cos(50,000t — 8.13°) V
[b] V, =02V, /0°; V.=V, =0.2V,/0°

0.2V, 02V—V, _

80,000 ' 32,000 — 16,000

32,000 — 516,000
80,000

V,0(0.2) = V;,,(0.28 — j0.04)

V, =02V, +

1V, (0.28 — j0.04)| < 10

V., <3536V
1 .
P972 —— = —j10kQ
JwCi
1 = —7100k2
jwCy Y
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P 9.73

STUDENTS-HUB.com

Problems

100ke2
~4100kQ
5V
5k 20k0
APy Ay ;
o . i
va"—lekQ ¥ 240K
- -5V
v v
V,—2 V. V. V.-V,

5000 | —;10,000 ' 20,000 " 100,000
20V, — 40+ j10V, + 5V, + V. — V, =0
(26 + j10)V, — V, = 40

0—V, N 0-V,
20,000  —35100,000

j5V.—V,=0
Solving,

V, = 1.43 + j7.42 = 7.56/79.09° V
v,(t) = 7.56 cos(10°¢ 4+ 79.09°) V

1 —j10° ‘
2] 556 = aomao) ~ 10

V,=30/0°V

~ Vy(1/jwC,) 3000
25+ (1/jwCy) 1+ j25wC,
Vn ‘l‘ Vn - Vo o 0
100  —j100

1+ 41 30(1 — ;1
v, = Ly oy, = 0 —dD
j 1+ 725wC,

Vo

n

30v2
1+ 6250202

Solving,

C, = 280nF

|V0| = 6

9-47
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9-48 CHAPTER 9. Sinusoidal Steady State Analysis

30(1 — j1)

bl V, = :
[b] 1447

= 6/— 126.87°
v, = 6cos(10° — 126.87°) V

P9.74 jwL; = 5500

jwLs = 7320
1

= 200

JwC J

JwM = j(4 x 10°)k4/(12.5)(8) x 107 = j40k Q

Zay =5+ j32 — j20 = 5+ j12Q

Z3y =5 —j120Q
w0k 1
= lm] (5 — j12) = 47.337k* — j113.609%>
J

Zap = 20 + 550 4 47.337k* — j113.609k* = (20 + 47.337k*) + j(50 — 113.609%?)
Z,p 18 resistive when

50 — 113.609k*> =0 or k>=044 so k=0.66
Za, = 20 + (47.337)(0.44) = 40.83Q

P 9.75 Remove the voltage source to find the equivalent impedance:

2
‘ 5 —75) =854 78512

Zth =45+ 5125 4+ (
Using voltage division:

425
Vin = Vg = 5201 = j20 | ——= | =850 + 5850V
5+ 75

8502 1850
Ay & C

850+3850 (
Virms) =

Ry

STUDENTS-HUB.com Uploaded By: Jibreel Bornat



Problems 9-49

P 9.76 [a] jwL; = j(800)(100 x 107%) = 800

jwLy = 7(800)(400 x 107%) = 5320Q

JwM = 58002
9800
s N
—.\N\_
168@%@

168 = (80 + j80)I, + ;801
0 = 5801, + (240 + 5320)I,,
Solving,
I,=12-j09A; I,=-03A
ig = 1.5cos(800t — 36.87°) A
iz, = 0.3 cos(5000¢ — 180°) A

M

0.1
VIiL, 1/(0.1)(0.4) =09

[c] When t = 6257 ps,
800t = (800)(6257) x 1070 = 0.57 = 7/2rad = 90°

[b] b=

i4(625mps) = 1.5cos(53.13°) = 0.9A
i,(625mus) = 0.3cos(—90°) = 0 A

1, 1 1 _
w = 5lej + 5ngi + Migig, = 5(100 x 1072)(0.81) +0+0 = 40.5mJ

When t = 12507 ps,
800t = wrad = 180°

i4(1250mps) = 1.5cos(180 — 36.87) = —1.2A

i,(1250rps) = 0.3 cos(180 — 180) = 0.3 A
1 1
w = 5(100 x 1073)(1.44) + 5(400 x 107)(0.09)

+100 x 107*(—=1.2)(0.3) = 54mJ
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9-50 CHAPTER 9. Sinusoidal Steady State Analysis

P 9.77 [a] jwL; = j(200 x 10*)(107?) = 5200
jwLy = j(200 x 10%)(4 x 107?) = 5800

1 —J
jwC (200 x 103)(12.5 x 1079)

= —j400Q

Zag = 100 + 200 + 5800 — 5400 = 300 + j400
73, = 300 — j400Q

M =k\/LiLy =2k x 107°

wM = (200 x 10%)(2k x 107?) = 400k

4 2
Z, = l%l (300 — §400) = k(192 — j256) ©

Zin = 200 + 5200 + 192k* — j256k>

N

| Zin| = [(200 + 192k)? + (200 — 256k)?]

Zin 1 1
M = —[(200 + 192k)? + (200 — 256k)?] "2 x
dk 2
[2(200 + 192k%)384k + 2(200 — 256k2)(—512k)]
d|Zi|
F 0 when

768k (200 + 192k%) — 1024k(200 — 256k*) = 0
k* = 0.125; ook =+/0.125 = 0.3536

[b] Zu (min) = 200 + 192(0.125) + j[200 — 0.125(256)]
— 224 + j168 = 280/36.87°

560/0°

= P 9/ 3687°A
21+ 16~ =808

I (max)

i1 (peak) =2A

Note — You can test that the k value obtained from setting d|Z,|/dt = 0
leads to a minimum by noting 0 < k < 1. If k =1,

Zin = 392 — j56 = 395.98/ — 8.13° Q)
Thus,

| Zin|k=1 > | Zin|j— 5135
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Problems 9-51

If k=0,
Zin = 200 + 5200 = 282.84/45° Q
Thus,

| Zin|k=0 > | Zin|j— 5135
P9.78 [a] jwLy = j209
jwLy = 71009
Zao = 100 + 60 + 520 + 5100 = 160 + 51202
Z;, = 160 — 71209
wM =540

54\ 2
7 = (22} 1160 — 120 = 11.66 — 8.75Q
(200> [ 7120 J

[b] Zuo = Ry + jwLy + Z, = 8.34 + j36 + 11.66 — j8.75 = 20 + j27.25

P 9.79 In Eq. 9.69 replace w?M? with k?w?L;L, and then write X, as

k‘zszng ((.ULQ + (.ULL)
R3, + (wLy + wLp)?

k*wLo(wLy +wLp)
= (ULl 1-— 5
R22 + (WL2 + QJLL)Z

Xab = WLl -

For X,1, to be negative requires

R2, 4+ (wLo 4+ wLp)? < k*wLy(wLy 4+ wLp)

or

R2, 4+ (who + wLp)? — K*wlo(wLy +wLy) <0
which reduces to

Ry + w?L3(1 — k?) + wLowLp (2 — k*) + w?L7 < 0

But k£ <1, so it is impossible to satisfy the inequality. Therefore X, can
never be negative if X is an inductive reactance.
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9-52 CHAPTER 9. Sinusoidal Steady State Analysis

P 9.80 [a]
Il
+ o+
NyeVy (I,+1,)
v, —
.+
/‘%NZ VZ ZL
I, B
-
T = Vab _ Vi + 'V,
I I
V1 V2 N2
— = — Vy=—V
N1 Ng’ 2 N1 1
Ny
NI = Nolo, L, =—+1I
11y ols 2 N, 1

N
Vo= +15L)Z, =1, (1 + —1> Z
N

N Ni\?
V1+V2=(#+1>V2=(1+ﬁ1> Zihy
2 2

(1+ Ny /No)?Z 1,y
L

Zab =

N\ 2
Tty = (1 + —> Z;, Q.E.D.
N,

[b] Assume dot on N, is moved to the lower terminal, then

Vi -V, -V
N1 N2 ) 1 N2 2
-N;
NiI; = —Nol L= I
141 242, 2 N2 1

As in part [a)

Vi+V
Vo= (I+1)Z, and Zy = %
1
;L= N/N)Vy (1= Ni/Na)(1 = Ny /No) 21T,
ab — -
Il Il

Zay = [1— (M /N2)> Z, Q.E.D.
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Problems 9-53

Vi, Vo V,
L+L L+L (1+N/N)
Vi N N,

" N

Zab =

N
Vi+Vo=2711 = <—1+1> V,
Ny

1.7,

(N1/No + 1)(1 + Ny /No)Iy
Zr

[1+ (N1/N2)J?

[b] Assume dot on the Ny coil is moved to the lower terminal. Then

Zab =

Zab -

Q.E.D.

Ny
V,=-"—"V d I, =—-1
1 N2 o an 2 N2 1
As before
Z Va d Vi+Vy=ZlI
ab = an —
b L+ ' ’ o
7o V2 . ZLII
P A= N /NL L= (N /No) L
zy
R E.D.
S T AT AT
P 9.82
=TIy %Iz %13
|s0:1 |1:20
+ * + o
Zap
= v, H v, H V.| 2L
- L |*
V3
Z —_
L I,
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9-54 CHAPTER 9. Sinusoidal Steady State Analysis

rz_ T8 11, = —201
1 20 ; 2 3
A% A%
=2 501, = 11,
50 1
Vi
Zah = —
b=
Substituting,

Vi 50V, 50°V,
I, I,/50 I

Zab -

502(—V3/20)  (50)2Vs
_ - = 6.257;, = 6.25(200/ — 45°) = 1250/ — 45° Q2
—20I, (20)2I; g (2001 ) /

P 9.83 The phasor domain equivalent circuit is

Y
L

+

.y |
= =R 4.
2 1 -1%,

‘-.-'m 1] n + VD -

v +
?m Rl IE R:-:

L 4

Vin Vin

V,= -2 IR,  I=——"
2 Rm_]XC

As R, varies from 0 to oo, the amplitude of v, remains constant and its phase
angle increases from 0° to —180°, as shown in the following phasor diagram:

-V, /2 / E =0
R =e0

\
x
~ 2 =
e

: ‘\v0=(vm/2)—:[me

240 240
P 9.84 I=""+°"— =(10-;75)A

V, = 240/0° + (0.1 + j0.8)(10 — j7.5) = 247 + j7.25 = 247.11/1.68° V

STUDENTS-HUB.com Uploaded By: Jibreel Bornat



Problems 9-55

[b] Use the capacitor to eliminate the j component of I, therefore

240
L =j7.5A, Z.=-—"=-j320Q
77.5

V, =240 + (0.1 4 j0.8)10 = 241 + j8 = 241.13/1.90° V

[c] Let I, denote the magnitude of the current in the capacitor branch. Then

I=(10—-j7.5+1) =10+ j(l —7.5) A

V, = 240/a = 240 4 (0.1 + 50.8)[10 + j (I — 7.5)]
= (247 — 0.81,) + j(7.25 + 0.11,)

It follows that

240cosa = (247 — 0.81.) and 240sina = (7.25+ 0.11,)

Now square each term and then add to generate the quadratic equation
I? — 605.771, + 5325.48 = 0; I. = 302.88 £+ 293.96

Therefore

I. = 8.92 A (smallest value) and Z, = 240/48.92 = —526.90 (2.

Therefore, the capacitive reactance is —26.90 €).

P 9.85 [a]

IEE 0.1 i0.80

+ v -
+ ¢ +

Q
v 240/0 vV go I60

=

240 240

I, = — =30 —j40 A
¢ 3 +j6 i

Vi = (0.1 + j0.8)(30 — j40) = 35 + ;20 = 40.31/29.74° V

V, = 240/0° + V, = 275 + j20 = 275.73/4.16° V
[b]
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9-56 CHAPTER 9. Sinusoidal Steady State Analysis

240

V= (0.1 50.8)(30 + j8) = —3.4 + j24.8 = 25.03/97.81°
V, = 240/0° + V, = 236.6 + j24.8 = 237.9/5.98°

‘.i's
vL
120 240
P 986 [a] 11 - ﬂ —l— m - 2329 —]1371 - 2702/—3050 A
120 120
L=-———-—-=5/0°A
I TR
120 240
Is = —+ ———— =2829 — j13.71 = 31.44/—25.87° A
=12 T84+163 J [=25.87°
120 120
I4:ﬂ:5/0_OA, 1526210/0_0A
240

Ts = 18.29 — j13.71 = 22.86/—36.87° A

" 84+ 6.3
[b] When fuse A is interrupted,

I, =0 I, =15A I, =10A
I,=10+5=15A I,=-5A  Is=5A

[c] The clock and television set were fed from the uninterrupted side of the
circuit, that is, the 122 load includes the clock and the TV set.

[d] No, the motor current drops to 5 A, well below its normal running value of
22.86 A.

[e] After fuse A opens, the current in fuse B is only 15 A.

P 9.87  [a] The circuit is redrawn, with mesh currents identified:

I 10
? My,
i% ™ w
. :
o 200
+ 122@\; i w
13.2/0° kvi E' 2 Ic|_§ 100
+
120/0%v w 2400
_ 14
10 o
A
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Problems 9-57

The mesh current equations are:
120/0° = 231, — 21, — 201,
120/0° = —21, + 431, — 401,

0 = —20I, — 401, + 701,
Solving,

I, =24/0° A I, =21.96/0° A I, =19.40/0° A
The branch currents are:

I, =1, =24/0°A

L =1,-1,=204/0°A

I; =1, =21.96/0° A

I, =1.=19.40/0° A

I; =1, -1.=46/0°A

Is =1, —I.=2.55/0° A

[b] Let N7 be the number of turns on the primary winding; because the
secondary winding is center-tapped, let 2Ny be the total turns on the
secondary. From Fig. 9.58,

13,200 240 Ny 1
= — T —
N 2N,

Ny 110

The ampere turn balance requires

NI, = NI, + NIy

Therefore,
Ny 1
L, =—(1 I3) = —(24 + 21.96) = 0.42/0° A
p N1(1+ 3) = 1524+ ) [0°
P 9.88 [a]
10
Ay

.
+
120/0°v 3200
o — 200 Ia
12.2/0 kv il 2100
I

.
o c
120@ v 2200
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9-58 CHAPTER 9. Sinusoidal Steady State Analysis

The three mesh current equations are
120/0° = 231, — 2I,, — 201,

120/0° = —2T, + 231}, — 201,

0 = —20I, — 201, + 501,

Solving,

I, =24/0°A; I, = 24/0° A; I.=19.2/0° A

L=IL-1,=0A

b] I, = 221, 4 Iy) = “2(1, + T

1
=—(24+24) =04 °A
g (24 -+ 24) = 0.436/0°

[c] Yes; when the two 120 V loads are equal, there is no current in the
“neutral” line, so no power is lost to this line. Since you pay for power,
the cost is lower when the loads are equal.

P 9.89 [a]
0.0202  30.020

fu
[
n
]
=
Fn
py
HJ
=
Myl
e

125 = (R + 0.05 + 70.05)I; — (0.03 + j0.03)Iy — RI3
125 = —(0.03 4 j0.03)I; + (R + 0.05 + j0.05)I, — RI3
Subtracting the above two equations gives
0= (R+0.08+30.08)I; — (R+ 0.08 + j0.08)I;
I)=1I, so I,=1,-1,=0A
[b] V1= R(I; —Is); Vo, = R(I, - I;)

Since Iy = Iy (from part [a]) V1 =V,
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Problems 9-59

[c]

0.0200 40.02Q2

i
125@%@ £ 400
=X-1o!
a =}
125@%@] 24000
‘ 0.02¢ 30.020
Ay

250 = (440.04 + j0.04)L, — 440I,
0 = —4401, + 4481,

Solving,

I, = 31.656207 — j0.160343 A

I, = 31.090917 — j0.157479 A

I =L — I, = 0.56529 — 50.002864 A

V; =401 = 22.612 — j0.11456 = 22.612/ — 0.290282° V

V, = 4001, = 226.116 — j1.1456 = 226.1189/ — 0.290282° V

[d]
0.02Q  §0.020
iy
125@%@ v £ 400
0,030 §0.030 wéﬁﬁ
A Lt

125@%@ v 24000
‘ 0.020 I, 50,020
Ay

125 = (40.05 + 50.05)I; — (0.03 + 50.03)I5 — 401,
125 = —(0.03 + j0.03)I; 4 (400.05 + j0.05)I, — 40015
0 = —40I; — 4001, + 4481,

Solving,

I, =34.19 — j0.182A

I, = 31.396 — 50.164 A
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9-60 CHAPTER 9. Sinusoidal Steady State Analysis

I; = 31.085 — j0.163 A
V,=40(I; — I5) = 124.2/ — 0.35°V
Vy =400(I, — I) = 124.4/ — 0.18° V

[e] Because an open neutral can result in severely unbalanced voltages across
the 125 V loads.

P 9.90 [a] Let Ny = primary winding turns and 2N, = secondary winding turns.

Then
14,000 250 N 1
Ny 2N, N, 112
In part c),
I, = 2al,
2N-1, 1
I = = —1I,
P N 56

1 ‘
= (31656 — j0.16)

I, = 565.3 — j2.9mA

In part d),
LN, = LN, + LN,

N
I, = ﬁi(ll + L)

1
= 1753419 — j0.182 + 31.396 — j0.164)

1
= 565586 — j0.346)

I, = 585.6 — j3.1mA

[b] Yes, because the neutral conductor carries non-zero current whenever the
load is not balanced.
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