Chapter 9, Solution 1.

(a) angular frequency o = 10° rad/s
®
(b) frequency f = Py 159.2 Hz
T
. 1
() period T = e 6.283 ms
(d) Since sin(A) = cos(A —90°),
vs = 12sin(10°t + 24°) = 12 cos(10°t + 24° — 90°)
Vv, 1n cosine form is vy = 12 cos( 10t — 66°) V
(e) vs(2.5 ms) = 12sin((10°)(2.5x107) + 24°)
= 12 sin(2.5 + 24°) = 12 sin(143.24° + 24°)
=265V

Chapter 9, Solution 2.

(a) amplitude = 8§ A

(b) ® = 500 = 1570.8 rad/s

© f=—==250Hz
2n

(d I, = 8£-25°A
I(2 ms) = 8cos((500m)(2x107) - 25°)

= 8 cos(m —25°) = 8 cos(155°)
2725 A

Chapter 9, Solution 3.

(a) 4 sin(wt —30°) = 4 cos(ot —30°—-90°) = 4 cos(wt —120°)

(b)  -2sin(6t) = 2 cos(6t + 90°)

(©) -10 sin(mt +20°) = 10 cos(wt +20° +90°) = 10 cos(wt + 110°)




Chapter 9, Solution 4.

(a) v = 8cos(7t+15°) = 8sin(7t+ 15°+90°) = 8 sin(7t + 105°)

(b) i = -10sin(3t—85°) = 10 cos(3t— 85°+90°) = 10 cos(3t + 5°)

Chapter 9, Solution 5.

vy = 20 sin(wt + 60°) = 20 cos(at + 60° —90°) = 20 cos(art — 30°)
v, = 60 cos(at — 10°)

This indicates that the phase angle between the two signals is 20° and that v; lags
va.

Chapter 9, Solution 6.
(a) v(t) = 10 cos(4t — 60°)

i(t) = 4 sin(4t + 50°) = 4 cos(4t + 50°—90°) = 4 cos(4t —40°)
Thus, i(t) leads v(t) by 20°.

(b)  vi(t) = 4 cos(377t+ 10°)
va(t) = -20 cos(377t) = 20 cos(377t + 180°)
Thus, va(t) leads vy(t) by 170°.

(©) x(t) = 13 cos(2t) + 5 sin(2t) = 13 cos(2t) + 5 cos(2t — 90°)
X = 13£0°+5£-90° = 13 —j5 = 13.928£-21.04°
x(t) = 13.928 cos(2t —21.04°)
y(t) = 15 cos(2t—11.8°)
phase difference = -11.8°+21.04° = 9.24°
Thus, y(t) leads x(t) by 9.24°.

Chapter 9, Solution 7.

If f(¢p) = cosd +j sing,

%: sing + jcosd = j(cos + jsin) = ()

ar_



Integrating both sides
Inf=jop+InA

f = Ae® = cosd +j sind
fl0) = A =1

ie. f(¢) = &® = cosd + j sind

Chapter 9, Solution 8.

@ 154450+j2 _15245° i
3—j4 5/-53.13°
= 3./98.13° +]2
= 04245 +2.97 +2

= -0.4243 + j4.97

(b) (Q+)B—-j4) = 6-j8+i3+4 = 10—j5 = 11.18£-26.57°
8£-20° 10 82-20°  (5-12)10)
Q+)3-j4) -5+jl2  11.18£-26.57°  25+144

= 0.7156.£6.57° — 0.2958

~j0.71

0.7109 +j0.08188 —
0.2958 — j0.71

0.4151 — j0.6281

(c) 10+ (8£50°)(13.£-68.38°) = 10+104./-17.38°
= 109.25 — §31.07

Chapter 9, Solution 9.

3+j L GG+
5- 8 25+ 64
15+ 24+ 2032
89
1.809 + j0.4944

(a) 2+

. i 100+1—j2 iy 100+2.2364-63.43°
®) i 3/6° i 3/6°




= 4/-10°+0.7453 £-69.43°
3.939 —j0.6946 + 0.2619 —j0.6978

= 4.201 —j1.392

8/10°+6./-20°  7.879+ jl.3892+5.638 — 12.052
© 5 g0°—as50° 15628+ 8.863—2.571— i3.064
13.517-j0.6629  13.533./-2.81°
—1.0083+j5.799  5.886./99.86°

= 2.299/-102.67°
= -0.5043 — j2.243

Chapter 9, Solution 10.

(@ z =6-,8, z,=8.66—5, and z; =—-4— j6.9282
z,+z,+z, =10.66 - j19.93

(b) 212229999 + j7.499

Z3

Chapter 9, Solution 11.

(@  zz, = (3+j4)(12+]5)
23615 +j48 — 20
= -56 + {33

z,  -3+j4  (3+4)12+]5) .
2 - — -0.3314 +{0.1953
z, 12-j5 144+ 25 :

(b)

(©)  zy+z, = (3+)+(12+]5) = 9+])9
z,-2, = (3+j4) - (12+j5) = -15-]
z,+z,  9(+j)  -9(1+)(5-j) -9(16+jl4)
z,—z, -(5+j)  15°-1> 226
= -0.6372 — j0.5575




Chapter 9, Solution 12.

(-3 +j4)(12 + )
236 15 + 48 — 20
.56 + i33

(a) 2,z,

z, -3+j4  (3+402+35) .
o E = = -0.3314 +j0.1953
z, 12-35 144 + 25 :

(b)

(©)  z,+z, = (3+j4)+(12+j5) = 9+]9
z,—2, = (3+j4)—(12+j5) = -15—j
z,+z,  9(1+j)  -9(1+)U5-j)  -9(16+ jl4)
z,—z, -(5+j)  15°-1> 226
= -0.6372 — j0.5575

Chapter 9, Solution 13.

() (~0.4324 + j0.4054)+(—0.8425— j0.2534) = —1.2749 + j0.1520

(b) 50£-30" 2.0833
24 /150°

(¢) (2433)(8-j5) «(-4) =35 4j14

Chapter 9, Solution 14.

3-jl14

a e
@) —15+ j11

=—0.5751+ j0.5116

(62.116+ j231.82+138.56 — j80)(60— j80) 24186 —6944.9
(67 + j84)(16.96 + j10.5983) 246.06 + j2134.7

() (=2+74) /(260 - j120) = — 256.4 — j200.89

(b) =-1.922— j11.55




Chapter 9, Solution 15.

(a)

(b)

(c)

Chapter 9, Solution 16.

(a)

(b)

(c)

-10 cos(4t + 75°)
The phasor form is 10.£-105°

5 sin(20t — 10°)

10-j6+j10—6+10—j15

= 60£15°+642-10°

57.96 +j15.529 + 63.03 —j11.114
120.99 — j4.415

10+i6 2-13
5 -1+j|
= .6—jll
20/-30° -4/-10°
1620°  3.,45°
I-j -j 0
e ol
i 1 =i

=1+1+0-1-0+j(1-)+j1+))

= 1-1(1—j+1+])
=1-2=-1

= 10 cos(4t + 75° — 180°)

= 10 cos(4t — 105°)

5 cos(20t — 10° — 90°)
5 cos(20t — 100°)
The phasor form is 5£-100°

4 cos(2t) + 3 sin(2t) = 4 cos(2t) + 3 cos(2t — 90°)

The phasor form is 420° + 3.£-90° =

Chapter 9, Solution 17.

(a)

Let A

= 8£-30°+ 6£0°

= 12.928 —j4
= 13.533£-17.19°
a(t) = 13.533 cos(5t + 342.81°)

~i3 = 5/-36.87°




(b)

(©)

We know that -sinoc = cos(a + 90°).

Let B = 20£45° 4+ 30£(20° + 90°)
= 14.142 +j14.142 — 10.261 +j28.19
= 3.881 +j42.33
= 42.51/84.76°

b(t) = 42.51 cos(1207t + 84.76°)

Let C = 4./-90° + 3./(-10° — 90°)
-4 —0.5209 —j2.954

= 6.974.265.72°
c(t) = 6.974 cos(8t + 265.72°)

Chapter 9, Solution 18.

(a)
(b)

(c)
(d)

v,(t) = 60 cos(t + 15°)

V, = 6+j8 = 10£53.13°
v,(t) = 10 cos(40t + 53.13°)

i,(t) = 2.8 cos(377t — n/3)

I,=-05-j1.2 = 1.3£247.4°
i,(t) = 1.3 cos(10’t +247.4%)

Chapter 9, Solution 19.

(a)

(b)

(c)

3/10° - 5/-30° = 2.954 +j0.5209 — 4.33 + 2.5
-1.376 +j3.021
= 3.32/114.49°

Therefore, 3 cos(20t + 10°) — 5 cos(20t — 30°) = 3.32 cos(20t +
114.49°)

4/-90°+3/-45° = -j40 +21.21 —j21.21
= 21.21-j61.21
= 64.78£-70.89°
Therefore, 40 sin(50t) + 30 cos(50t — 45°) = 64.78 cos(50t — 70.89°)

Using sinat = cos(a — 90°),
20/-90° +10£60° — 5/-110° = -j20 + 5 +j8.66 + 1.7101 + j4.699
= 6.7101 — j6.641
= 9.44,-447°
Therefore, 20 sin(400t) + 10 cos(400t + 60°) — 5 sin(400t — 20°)
= 9.44 cos(400t — 44.7°)




Chapter 9, Solution 20.
(a) V=44-60°-90° —5240° =-3.464 — j2-3.83 - j3.2139 =8.966 £ —4.399°

Hence,
v =28.966c0s(377t —4.399°)

(b) 1=10£0°+ jw8220°-90°, w=5, te. 1=10+40£20° =49.51£16.04°

i =49.51cos(5¢+16.04%)

Chapter 9, Solution 21.

(a) F=5415"-4/-30°-90° =6.8296 + j4.758 = 8.3236.£34.86°

1) =8.324cos(30¢ +34.86%)

(b) G=8£-90°+4250° =2.571— j4.9358 =5.5652—62.49°

2(1) = 5.565cos(t — 62.49°)

(©) H="(1020° +5/-90°) =40
Jo

ie. H=0254-90"+0.125£-180° =—-;0.25-0.125=0.2795£-116.6°

h(t) = 0.2795 cos(40¢ —116.6°)

Chapter 9, Solution 22.

Let f(t) =10v(¢) + 4y j Vv(t)dt
d

F=10V+jco4V—2.—V, w=5 V=20£-30°
jo

F =10V + j20V — jO.4V = (10 — j19.6)(17.32 — j10) = 440.1£ —92.97°

1) = 440.1cos(5¢ - 92.97°)




Chapter 9, Solution 23.

(a) v(t) = 40 cos(wt — 60°)

-30£10° + 50£60°
-4.54 +j38.09
38.36.£96.8°

v(t) = 38.36 cos(wt +96.8°)

by V

(c) I =j6£-10° = 6£(90° - 10°) = 6£80°
i(t) = 6 cos(wt + 80°)

2
d 1= Sr10245° = 2 +7.071 -j7.071

= 11.5£-52.06°
i(t) = 11.5 cos(wt — 52.06°)

Chapter 9, Solution 24.

(a)
\%
V+—=10£0° o=1
jo
V(d-j=10
10 )
=1_3= 5+j5="7.071£45°
=)
Therefore, v(t) = 7.071 cos(t + 45°)
(b)

4V
joV +5V +—=20£(10°-90°, ©=4
Jo

V(j4+ 5 +ij =20£-80°
74

20/ -80°

T o5+p3

Therefore, v(t) = 3.43 cos(4t —110.96°)

=3.432-110.96°




Chapter 9, Solution 25.

(a)
2ol +31=4/-45°, ©=2
I1(3+j4)=4£-45°
_4Z-45°  4s-45° o
=T34 szs3aze BT
Therefore, i(t) = 0.8 cos(2t — 98.13°)
(b)

I
10—+ jol+ 61 =5222°, ®=>5
jo

(-j2+j5+6)I=5,22°
I- 5£22° 5/22°
6+3j3 6.708.£26.56°
Therefore, i(t) = 0.745 cos(5t — 4.56°)

=0.745£-4.56°

Chapter 9, Solution 26.

I
jol+21+—=120°, ©=2
Jo

1
I(j2+2+,—J:1
12

=0.4£-36.87°

I=
2+j1.5
Therefore, i(t) = 0.4 cos(2t —36.87°)

Chapter 9, Solution 27.

\4
joV +50V + IOOJ,—(D =110£-10° w=377

, i100
V| 377+50-=— |=110£-10°
377

V(380.6./82.459) = 110£-10°
V =0.289.£-92.45°

Therefore, v(t) = 0.289 cos(377t — 92.45°).




Chapter 9, Solution 28.

v (t) 110cos(377t)

= =13.75 cos(377t) A.

i(t) =

Chapter 9, Solution 29.

1 1
Z: p— p—
joC  j(10%)(2x10°)

-j0.5

V =1Z = (4/25°(0.5-90°) = 2./ - 65°

Therefore  v(t) = 2sin(10° — 65°) V.

Chapter 9, Solution 30.

Z = joL = j(500)(4x10%) = j2
V. 60£-65°

Therefore, i(t) = 30 cos(500t — 155°) A.

Chapter 9, Solution 31.
i(t) = 10 sin(wt +30°) = 10 cos(ot +30° —90°) = 10 cos(wt — 60°)
Thus, I = 10£-60°

v(t) = -65 cos(wt + 120°) = 65 cos(wt + 120° — 180°) = 65 cos(mwt — 60°)
Thus, V = 65£-60°

vV  65£-60°

Since V and I are in phase, the element is a resistor with R = 6.5 Q.




Chapter 9, Solution 32.

V = 180/10°, I = 12/-30°, ® =2
_V _I80AI0T e 0e— 11494 19.642 0
1 122-30° BRI

One element is a resistor with R = 11.49 Q.
The other element is an inductor with oL = 9.642 or L = 4.821 H.

Chapter 9, Solution 33.

110= /vy +v;
v, =4/110* = v}
v, =+/110> -85 = 69.82 V

Chapter 9, Solution 34.

1 1
v,=0ifoL=— — o=——=
¢ oC JLC

1
0= = 100 rad/s
J(5x107)(2x107%)
Chapter 9, Solution 35.
V, =5£0°
joL =j2)[1) = j2
1 1 :
3 =" =-j2
joC  j(2)(0.25)
j2 j2

V, =——-V, ="--520°=(14£90°)(5£0°) = 5£90°

C2—-2432 7 2
Thus, v (t)= 5cos(2t+90°) = -5sin(2t) V



Chapter 9, Solution 36.

Let Z be the input impedance at the source.

100mH ——>  joL = j200x100x107 = j20

10 uF > .1 = 1_6 =—7500
JjoC  j10x107° x200
1000//-j500 = 200 —j400
1000//(j20 + 200 —j400) = 242.62 —j239.84
Z =2242.62 — j239.84 = 2255/ —6.104°
__O0L=10" 61 —3.896° mA
2255/ —6.104°
i =266.1cos(200f —3.896°)
Chapter 9, Solution 37.
JoL=j5)1)=}5
1 1 .
- = = -J
joC  j(5)(0.2)
. - @S jio
Z2
Then, L = I, where I, =2.20°
7, +7,
j10
I = 2415 )= 120 =2.12/32°
"__.+ j10 _5+j8_'
Tois

Therefore, 1 (t)= 2.12 sin(St +32°) A




Chapter 9, Solution 38.

1 1 1
@ ¢F > GeoC T j3)1/6)

'_]2

)
= #.2(104450) = 4.472/-18.43°
-]

Hence, i(t) = 4.472 cos(3t — 18.43°) A

V =41 = (4)(4.472/ -18.43°) = 17.89./ - 18.43°
Hence, v(t) = 17.89 cos(3t — 18.43°) V

1 1 1
®  F > GeC T j@)/12)

3H —— joL=j@)@3)=jl2

i3

vV 50£0°

Hence, i(t) = 10 cos(4t + 36.87°) A

j12
S 8+j12
Hence, v(t) = 41.6 cos(4t +33.69°) V

(50£0°) =41.6£33.69°

Chapter 9, Solution 39.

(5)-10) _

Z=8+35|(-jl0) =8+ 8+jl0
511 (-310) 510 J

oY _ 40207 20 =3.124/-51.34°
Z 8+jl10 6.403251.34° 7 '

- 310
= - I1=21=6248/-51.34°
15-310
j5
I, =—"1=-1=3.124/128.66°

-]

1,(t) = 6.248 cos(120mt — 51.34°) A

Therefore,

i,(t)= 3.124 cos(120mt + 128.66°) A




Chapter 9, Solution 40.

(a) For =1,
IH — joL=jh1) =]
1 1
005F —> =-j20

joC ~ j(1)(0.05)

0
=1.98+;0.802

. . . J
Z=3+2](-j20)=j+
J+201(-j20) = 27— 120

A\ 4.,0° 4.£0°

I = =
° Z 198+j0.802 2.136£22.05°

Hence, 1,(t) = 1.872 cos(t —22.05°) A

=1.872£-22.05°

(b) For =35,
IH — joL=j5)1)=js
1 1
0.05F ——> - i
ioC ~ j(5)0.05)
_i4
Z=i5+2)(-j4) =5+ —16+j42
1-32
V400 4./0°
I =~ —0.89./-69.14°

° T Z 1.6+j4 4.494,69.14°
Hence, i, (t) = 0.89 cos(5t — 69.14°) A

(c) For =10,
IH —— joL = j10)1)=jl0
1 1
joC ~ j(10)(0.05)

0.05F —— )

4
Z=i10+2]|(-12)=10+—3— =1+
2-32

vV 420° 4.£0°

I = =
° Z 1+19 9.055483.66°

Hence, 1, (t) = 0.4417 cos(10t — 83.66°) A

=0.4417 £ -83.66°




Chapter 9, Solution 41.

o=1,
IH —> joL=j)1)=]j

1 1
IF — ——=——— =]

joC — jh@)

s -j+l :
Z=1+(+ Pl Ch=1+——=2-]
=10y =1+ I
Tz 2-j eV

ety g A=DA0) .
V=0pa+pl=01-jl="—""-"=63257-18.43

Thus,  v(t) = 6.325 cos(t — 18.43°) V

Chapter 9, Solution 42.

® =200
1 1 ~
joC  j(200)(50x10°)

50 F —> -j100

0.1H —— joL=j(200)(0.1) = j20

(50)(-1100) - 100 ,
- = 40— {20
50— 100  1-j2 !

50| ~j100 =

v - j20
° " j20+30+40-j20

20
(60.£0°) = J7—0(6040°) =17.14.290°

Thus, v (t)= 17.14 sin(200t+90°) V

or v, (t) = 17.14 cos(200t) V




Chapter 9, Solution 43.

0=2
IH —> joL=j2)1)=j2

1 1

'r o =M

-j0.5

2-j05  jls

= = 4.,0°=3.328£33.69°
° j2-j05+1  1+jL.5

Thus, 1,(t)= 3.328 cos(2t + 33.69°) A

Chapter 9, Solution 44.
o=200
10mH —— joL=j(200)(10x107)=j2

1 1
joC  j(200)(5x103)

SmF —— -]

Ll oas—jos 2t g5 joa
B R R T R

1
Z=——=——— —1.1892+ j0.865
Y T 055-04 !

_6£0° 6.£0°
547 6.1892+j0.865

=0.96£-7.956°

Thus, i(t) = 0.96 cos(200t — 7.956°) A




Chapter 9, Solution 45.
We obtain I by applying the principle of current division twice.

I Iz I2 Io

» » »
» » »

D 7 D 2 =20 Z20

(a) (b)

A 4

]
2-i2

Z,=-j2, Z,=j4+(§2)]|2=j4+ =1+3

Z, -2
I, = I=— ;
7, +7, -12+1+33

[ (_Jj(ﬁjﬂ 5 A
2.2 - 1+j) 141 T/

Chapter 9, Solution 46.

_-jlo
C14]

(5.£0°)

i, =5cos(10t+40°) —— I =5240°

I
joC  j(10)(0.1)

01F —— -

02H —— joL=j(10)0.2)=i2

. 18 . .
Let Z =4|12=—""—"-=0.8+11.6 Z,=3-
€ 1 IlJ 4+ 12 1.0, 2 J

7 _0.8+j1.6
° Z,+Z, * 3.8+j0.6

(5.£40°)

_ (1.789.£63.43°)(5£40°)

=2.325/94.46°
° 3.847.£8.97° 325£94.46

Thus, 1, (t)= 2.325 cos(10t +94.46°) A




Chapter 9, Solution 47.

First, we convert the circuit into the frequency domain.

L 20 j4
D000 —
520° = -i10 § 20Q
<= O —— = > . = > =0.4607.£52.63°
L —10Q20+j4)  2+4.588-8.626 10.854 ~52.63°

—jl0+20+ j4

iy(t) = 0.4607cos(2000t +52.63°) A

Chapter 9, Solution 48.

Converting the circuit to the frequency domain, we get:

10Q v, 30Q

20./-40° j20 T

We can solve this using nodal analysis.

-j20




Vi-20£-40° Vi-0 V-0 _
10 20 30-j20

V1(0.1-j0.05+0.02307 + j0.01538) = 2./ — 40°
~ 2/40°
0.12307 — 0.03462
15643/ -24.29°
- 30-120

iy =0.4338sin(100t +9.4°) A

=15.643£-24.29°

Vi

=0.4338£9.4°

X

Chapter 9, Solution 49.

(@20-9 _,
1+

I I, 1Q
——————A\\A\—

ngQ ~-iQ

Z.=2+2||(0-)=2+

j2 j2 1
I, == I =—— where I, =0.5£0°=—
2+1-3 I+ 2
i 14
R
1+] 1+

V,=1Z, =—=(4)=——=1-j=14142-45°
j4 ]

v,(t) = 1.414 sin(200t — 45°) V

Chapter 9, Solution 50.

Since o = 100, the inductor = j100x0.1 = j10 Q and the capacitor = 1/(j100x10™)
=-j10Q.

5£40° /= -i10 20 Q§ Ve




Using the current dividing rule:

I, =— "0 5 a0 52400 = 2.5/ - 50°
—il0+20+ 10
V, =201, =50/ -50°

vy =50cos(100t - 50°)V

Chapter 9, Solution 51.

S
joC — j2)0.1)
0.5H —> joL=j(2)(0.5)=]

0.1F —> -i5

The current I through the 2-Q resistor is

1 I
PR S N here T=10£0°
1—j5+j+2° 3—j4 WheTe

I, = (10)(3— j4) = 50£-53.13°

Therefore,
i (t) = 50 cos(2t —53.13°) A

Chapter 9, Solution 52.

Z, =10, Z,=-5+25+2.5=25-j2.5

I,

@O = =




(& 10 4
PUZ AL, C 125-j25° 5-j°

V. =1,(2.5+2.5)

84300—[ij1 2.5)(1 '—MI
=[5 L e ==
(8309 ))

= = 2.884/-26.31° A
) 10(1+))

Chapter 9, Solution 53.

Convert the delta to wye subnetwork as shown below.

Z1 Z2
I, 20
—> /N N\ —| Z3
+
10Q
602300 ) 80
-
Z
Z, :ﬂ: 0.1532 - j0.7692, Z, :ﬂ =-0.4615+ j2.3077,
10— ;2 10,2
12 .
Z, = — =1.1538+ j0.2308
10— j2

(Z, +8)/[(Z, +10) = (9.1538 + j0.2308) //(9.5385 + j2.3077) = 4.726 + j0.6062

Z=2+7Z,+4.726+ j0.6062 = 6.878 — j0.163

_60£-30°  60£-30°
Z 6.88/ —1.3575°

(0]

=8.721/-28.64° A




Chapter 9, Solution 54.

Since the left portion of the circuit is twice as large as the right portion, the
equivalent circuit is shown below.

AIRE

Vi=L(-)=2(0-))
V, =2V, =4(1-))
V.=V, +V,=6(1-))
V, = 8.485/-45°V

Chapter 9, Solution 55.

12 Q 1 I, Z

-j20 V

CL(Z+J8)  (05)Z+8) Z
2 -4 -j4 -8

. zZ . 7
I=II+IZ=-J0.5+§+J=§+J0.5

20 =121+1,(Z+ i8)

: Z j) -] :
-120=12 §+E +?(Z+J8)



4 '26—Z(E 'lj
B I

-4-j26  26.31£261.25°

= = =16.64.2279.68°
3 .1 1.5811£-18.43°
2712
7 = 2.798 — j16.403 Q
Chapter 9, Solution 56.
3H — joL=,30
1 .
3F —» ——=-5/30
joC
1 .
15F —» ——=—j/15
joC
30x 7
j30//(—j/15):—1§:—j0.06681
30—
15

— j0.033(2 - j0.06681)
— j0.033+2— j0.06681

Z= ;—Of//(z — j0.06681) = = 6- /333mQ

Chapter 9, Solution 57.

2H ——>  jol=j2

IF —» ——=—j

Z=1+j2//(2—j)=1+M=2.6+j1.2
2+2—]

_ 1/ _ o
Y_/Z—O.3171 j0.1463 S




Chapter 9, Solution 58.

1 1
ioC ~ j(50)10x107)
10mH —> joL = j(50)10x10%) = j0.5

(a) I0mF ——> -2

Z,=j05+1] (-2
1-j2
2-i2

Z. =i0.5+0.253-j)
Z. = 0.75+i0.250Q

Z. =3j0.5+

() 04H — joL=j(50)(0.4)=j20
02H —— joL=j(50)(0.2)=jl0

| |
joC ~ j(50)1x107)

ImF —> -i20

For the parallel elements,
1 1 1 1

—
Z, 20 jl0 -j20
Z,=10+j10

Then,

Z,=10+j20+Z = 20+j30Q

Chapter 9, Solution 59.
Z,=6+(1-32)[1(2+34)

e
@ =0T )+ 2 )

Z. =6+2308-]1.5385

Z. = 8308 —j1.5385Q

Chapter 9, Solution 60.

Z =(25+ j15)+ (20— j50)//(30 + j10) = 25+ j15+26.097 — j5.122 = 51.1+ j9.878Q




Chapter 9, Solution 61.

All of the impedances are in parallel.

LS SRS SR
Z., 1-j 1+i2 5 1+33

eq

ZL =(0.5+j0.5) +(0.2 — j0.4) + (-j0.2) + (0.1 - j0.3) = 0.8 — j0.4

eq
Z ———— = 1+j0.50Q
T 08_j04 L

Chapter 9, Solution 62.

2mH —— joL=j10x10°)2x10?)=j20
1 1

IuF —— - — -i100
K joC ~ j(10x10°)(1x10°)
50Q 200
AN—00600°
+ Yty -
140°A<T> V., < 2V
B Ya
AN
-j100 Q

V = (1£0°)(50) = 50

V. = (1£0°)(50 + j20 — j100) + (2)(50)
V. =50-i80+100=150— j30

\%

in

7. =
mn 1400

= 150-j80 ©



Chapter 9, Solution 63.

First, replace the wye composed of the 20-ohm, 10-ohm, and j15-ohm impedances with
the corresponding delta.

200+ j150+ j300

) =20+ j45
10
75 :Mz 30—j13.333, z5 :M =10+ j22.5
15 0
g -i2Q —j16 Q
° M — | IC
Y4
| § 10Q
Zy ——» VA |
73 §
16 Q 10 Q
|
b ' 1T

Now all we need to do is to combine impedances.

(30-j13.333)(10- j16) _ 8.721— j8.938
40— j29.33

23)[(10 - jl6) = 21.70 - 3.821
Z1 =8—jl12+17(8.721- j8.938 +21.7 — j3.821) = 34.69 — j6.93Q2

z,[(10- jl6) =

Chapter 9, Solution 64.

L 106+ 8) _
62

I= 30290 =—-0.3866+ j1.4767 =1.527/104.7° A
V4
T

Zr =4 19— j5Q




Chapter 9, Solution 65.

Z,=2+(4-j0)[3+]jb

LG j6)(§ +34)
7-32

Z, =2

Z,.=683+j1.094Q = 6.917£9.1°Q

\4 120£10°
=——=—"—"—=1735Z09° A

Chapter 9, Solution 66.

(20— j5)(40+j10)

170

Z.=(20—-35)|(40+;j10) = 60+ 5

Z.=14.0609—j1.172 QO = 14.118£-4.76°

60.£90°
14.1182£-4.76°

=4.25/94.76°

\4
I:—:
ZT

_40+j101_8+j2I
PT60+35 0 124]

_20—j51_ 4]
26045 12+

V,, =-201, + 01,

12—
145127D



-(160+ j40) = 10+ ;40
b = — I+ —1I
12+ 12+

_ o150 (-12+j)(150)
24§ 145

V,, = (12.457£175.24°)(4.25./97.76°)

V., = 52.94/273° V
Chapter 9, Solution 67.

(8 20mH —— joL=j10%)(20x10%)=j20
1
joC  j(10*)12.5%10°)

125uF —— -i80
Z. =60+ j20] (60— j80)
120)(60 — 380
7 :60+(J ) - J30)
in 60— j60
Z. =63.33+j23.33=67.494.,20.22°

= 0.0148.2-20.22° S

L
n Zin

b) 10mH —— joL=j10%)(10x107)=jl0
1 1 ~
joC  j(10°)(20x10°)

20uF —> -i50

30160 = 20
Z. =-j50+20] (40 + jl0)
20)(40+ j10
Z. =504 20E0HII0)
60+ jl0
Z, =13.5-j48.92=50.75/-74.56°

Y =

1
=7 = 00197/7456°S = 5.24+j18.99 mS




Chapter 9, Solution 68.

v R S
W52 3+ -j4

Y., =(0.1724 + j0.069) + (0.3 — j0.1) + (j0.25)

Y, = 0.4724+j0.219 S

Chapter 9, Solution 69.

IR NS D
—=—4—=—(1+
v, "4t TpT a0t
4 @1-j2
ot W) e e
1+ 52 5

Y, +j=08-j0.6

11 1 1
—r=—+——+————=(1)+(j0.333) + (0.8 + j0.6

1
—=1.8+30.933=2.028£27.41°
Y

o

!

Y, =0.4932/-27.41°=0.4378 - j0.2271

Y, +j5=0.4378+ j4.773

11 1 0.4378— j4.773
— = , = 0.5+
Y. 2 04378+ 4.773 22.97

€q

1
——=0.5191-;0.2078
Y

eq

~ 0.5191-j0.2078
«a 0.3126

= 1.661 + j0.6647 S




Chapter 9, Solution 70.

Make a delta-to-wye transformation as shown in the figure below.

_ (-j10)(10+j15)  (10)(15- jl0) _,
™5 §l0+10+§15 1545

5)(10+ jl5
LG L) P
15+ 35
5)(-jl0
O
15+ 35

Zeq = Zan +(an +2) || (ch +8_J5)
Z.,=7-9+(65+3.5(7-®)

6.5+ PB5)(T-8)
Z.-7-1
= TIPS TS

Z,=7-19+5511-j0.2

Z,=1251-)9.2=15.53£-36.33° Q)



Chapter 9, Solution 71.

We apply a wye-to-delta transformation.

j4Q

2—j2+j4_2+j2_1
22

Zab = _j

Z —2+j2—1+'
ac 2 - J

2+32 )
Z, = i =-2+j2

. . . (gHd-) .
417 =id||(1-7)=-"—"=1.6-10.8
Bz, =54]d-) I+ 73 ]

HZ, =11+

DA+ )) .
=—==0.6+i0.2
2+ )

ANz, +11Z, =22-j0.6

11 1 1
=+ :
Z. -2 -2+j2 22-j0.6

€q

= j0.5-0.25— j0.25+0.4231 + j0.1154
= 0.173+ j0.3654 = 0.4043.£64.66°

Z. =24732-64.66° Q2 = 1.058 —j2.235 Q)




Chapter 9, Solution 72.

Transform the delta connections to wye connections as shown below.

b e ©
-91-118=-jJ6,
(20)(20) (20)(10) (20)(10)
' 20420+10 842, 2 50 ’ } 50

Z,=32+(2+8)||(G2—-j6+4)+4
Z,=4+2+@8+]2)[|(4-j4)

(8+j2)(4-j4)

Z,=4+])2+
b =T 12-j2

Z, =4+ j2+3.567— jl.4054

Z., = 71.567 +0.5946 O




Chapter 9, Solution 73.

Transform the delta connection to a wye connection as in Fig. (a) and then
transform the wye connection to a delta connection as in Fig. (b).

Z,=17, =48
(J8)(J8) -64

(C+Z)4+Z,)+(4+Z,)Z;)+ 2+ Z)(Z;) =
(2 j4.8)(4— j4.8)+ (4 — j4.8)(j6.4) + (2 — j4.8)(j6.4) = 46.4+ 9.6

464596 e
T 64

_A0A¥ 06 5 504 6688
v 448

_ 264406 ot 8o4s
T 248

6|z, - CL0NSHLOLE)
Pl =3 5741 12,688 1
 (§4)(1.5-7.25)

S 7 =
W2, =50 05

=0.186—-j2.602



12|z, — 12£9090.1179.07%)
el e = 7271 120.945

=0.5634+ j5.1693

Z.,=36Z)|(-41Z,+)12(Z,)
« = (0.7407 + [3.3716) || (0.7494 + j2.5673)

Z
Z. = 150827542°Q = 0.3796 +j1.46 Q)

Chapter 9, Solution 74.

One such RL circuit is shown below.

20Q Vv 20Q

We now want to show that this circuit will produce a 90° phase shift.

(j20)(20+ j20)  -20+ j20
204740 142

Z =201/ (20+ j20) = =4(1+j3)

1

Z B 4+ 712 1-%-_)__(14_‘)
6+3 3° 1

V= =
Z+20 ' 24+il2

(1£0°) =

vV = j20 V—( ] j(l(1+'))—i—033334900
°T20+j20 0 U+ 3t V)T

This shows that the output leads the input by 90°.

Chapter 9, Solution 75.

Since cos(wt) = sin(mt + 90°), we need a phase shift circuit that will cause the

output to lead the input by 90°. This is achieved by the RL circuit shown
below, as explained in the previous problem.




100 100
. M MWy

+ +

Vi 10 Q % 10 Q % V,

This can also be obtained by an RC circuit.
Chapter 9, Solution 76.

Let Z =R —jX, where X:L: !
oC 2nfC

1Z=VR2+X2 s X =4|ZP -R2 = 1162 = 66* = 95.394

__ b ! _ 27.81uF
2nfX  2mx60x95.394
Chapter 9, Solution 77.
_ch
(@ V=777V,
R_.]Xc
here X, = — : 3.979
T = — = = .
WHEEE e = 0 T 2m)(2x10°)(20x10°)
V., -j3.979 3.979 2(:90°+ tan” (3.979/5))
= = - an .
V., 5-j3979  /5%+3.979°
Y, —ﬂz( 90°—38.51°)
V. [25+15.83 '
\Y%

= =0.6227/-51.49°

<

Therefore, the phase shift is 51.49° lagging



(b)  0=-45°=-90°+tan" (X /R)

1
45°=tan” (X, /R) —> R=X,=—

oC
e L
o=2nf = RC
f ! : 1.5915 MH
= = = . Z
2rRC  (2n)(5)(20x10°) ———
Chapter 9, Solution 78.
8+j6
R
7 —
L X

R[8+ j(6—X)] _s

Z=R/[B+ j(6-X)]= R+8+j(6-X)

i.e 8R+j6R —jXR =5R +40+;30 45X

Equating real and imaginary parts:
8R =5R +40 which leadsto R=13.33Q
6R-XR =30-5 which leads to  X=4.125Q.

Chapter 9, Solution 79.

(a) Consider the circuit as shown.

200 40 Q 300
A \2
. A\ AW\ AW\
+ +
Vi j10Q g 300 g j60 © g v,

7, VA



(b)
(©)

(j30)(30 + j60)

Z, =30 (30 + j60) = 3+j21
Z —'10||(40+Z)—w—1535+'8896—902848021"
2 =] 1) = 43+J31 =1. J8. =>. .
Let V, =1£0°.
2 _(9.028.£80.21°)(1.£0°)
2 Z,+20 " 21.535+8.896
V, =0.3875457.77°
—1 _3+j21  (21.213£81.87°)(0.3875£57.77°)
YUZ,+40 7 43+321 7 47.85/26.03°
V, =0.1718/113.61°
V, = 60 V, = 12 V—3(2+')V
° 730460 1 1+ 5PN

V. = (0.8944./26.56°)(0.1718./113.6°)
V. =0.1536.140.2°

Therefore, the phase shift is 140.2°
The phase shift is leading.

If V, =120 V, then
V, =(120)(0.1536£140.2°) = 18.43£140.2°V
and the magnitude is 18.43 V.

Chapter 9, Solution 80.

200mH —> joL = j(21)(60)(200x1073) = j75.4 Q)

° T R+50+(754 ' R+50+i75.4

(a)

4 i75.4

(120.£0°)

When R =100 Q),
j75.4 (75.4.£90°)(120.£0°)
o =T o (120£0°) =
150+ j75.4 167.88.226.69°

V, = 53.89463.31° V




(b) When R=0Q,
i75.4 (75.4.£90°)(120 £0°)
=TT (120.£0°) =
50+ {75.4 90.47 £56.45°

V, = 100£33.55° V

(©) To produce a phase shift of 45°, the phase of V|, = 90°+0° — o = 45°.

Hence, o = phase of (R + 50 +j75.4) = 45°.
For a to be 45°, R+50 =754
Therefore, R =254 Q

Chapter 9, Solution 81.

1
Let Z, =R, ZZ:R2+J,(DC2, Z,=R,,and Z =R, t e

R, =—R,=——(600)= 1.8 kQ
XTR, 2 200 (00

: (R3j(lj — C R‘c (40 )(03 10°)= 0.1 uF
- = — — = X =

Cc., (RrR,J\C, TR, 2 1200

Chapter 9, Solution 82.

C Rlc (10 j(4o 10°) =
= — X =
xR, * \2000

Chapter 9, Solution 83.

L RzL (500 j(zso 102) = 104.17 mH
=— X =
*=R, {1200 s



Chapter 9, Solution 84.

1 .
Let Z, =R, HE’ Z,=R,, Z,=R,,and Z =R _+joL, .
R1
joC R
Zl — .] s - 1
1 joR,C, +1
R, +~
JoC,

Since Z Z, Z
mce L, =_-72,,
z,

joR,C,+1 R,R
Rl - Rl

R, +joL, =R,R, >(1+joR,C,)

Equating the real and imaginary components,
R 2 R 3

R =
R,

R,R; L
oL, = R (oR,C,) implies that

X
1

Lx = R2R3Cs

Given that R, =40kQ, R, =1.6kQ, R, =4kQ, and C, =045 pF

_R,R, (164
* TR, 40
L =R,R,C, = (1.6)(4)(0.45) = 2.88 H

R kQ=0.16 k2= 160 Q

Chapter 9, Solution 85.

1
joC,

Let Z,=R,, Z,=R,+ Z,=R,,and Z, =R, ||

JoC, ’
7 - R4 _ JRq
‘7 joR,C,+1 oR,C, -]

Z
Since Z4=Z—3Z2 — 2.2,=17,Z,,
1



R R .
J—41.=R3(R2— ] j
oR,C, -] oC,

-JR, R, (0R,C, +)) “R.R. - JR,
mzRiCi +1 32 oC,

Equating the real and imaginary components,
o’R;C; +1 2
(D
oR R:C, R,
o’ R2C2+1  aC,

2)

Dividing (1) by (2),
1
oR ,C,

=oR,C,

S
R,C,R,C,

1

w=2nf = ————
JR,C,R,C,

1

f =
2n,/R,R,C,C,

Chapter 9, Solution 86.

1 1 1

Y="-+—+—
240 195 -84
Y =4.1667x107 —j0.01053+30.0119

1000 1000

Z = =
4.1667+j1.37 4.3861./18.2°

1
Y

7 = 228/-18.2° Q)



Chapter 9, Solution 87.

1 -]
Z,=50+—=50+
' joC (2n)(2x10°)(2%x10°)

Z, =50-139.79
Z, =80+ joL =80+ j(2m)(2x10°)(10x10?)
Z, =80+ j125.66

Z, =100

(S R T

Z 7, 1, Z,

11 1 1

— + : + B

Z 100 50-j39.79 80+ j125.66

1
7= 107 (10+12.24 + j9.745 + 3.605 — j5.663)

=(25.85+j4.082)x107
=26.17x107 £8.97°

Z = 38.21/-8.97° QO

Chapter 9, Solution 88.

(a) Z=-j20+i30+120— j20
Z=120-j10Q

1 1
(b) If the frequency were halved, — = would cause the capacitive

oC  2rfC
impedance to double, while oL = 2nf L would cause the inductive

impedance to halve. Thus,
Z =-j40+ jl15+120— j40

Z = 120-j65 Q



Chapter 9, Solution 89.

1
Z =ioL|||R+——
n = JO II( ijj

1 L
ioL| R +—— L.
Jco( ijj c HIOLR

Zin: 1 = 1
R+joL+———~ R+j((oL—)

joC oC
[Eriorrfr-for- )
c I " ac
1n_ 1 2
R oL~
+ o oC

To have a resistive impedance, Im(Z. )= 0. Hence,

L 1
® c N\ " oC

R2C =L !
o) =oL-———
oC

®’R2C?* =0’LC-1

B ®’R*C* +1
- 0C
(1)
Ignoring the +1 in the numerator in (1),
L=R*C=(200)*(50x107)= 2 mH
Chapter 9, Solution 90.
Let V, =14520°, X =joL =j2n)(60)L =;377L

Vv 14520°

S

I: =
80+R+jX 80+R+jX




(80)(145)
p— I -
Vi =80 80+R +jX

(80)(145) D
80+ R +jX (
(R + jX)(145.£0°)

80+R + ;X

V, =R+ jX)I=

(R +jX)(145)

110 =
80+ R +jX

2)

From (1) and (2),
50 80

10~ R+ X|

IR +jX|= (80)(%)

R?+X?* =30976 3)
From (1),
(80)(145)

\80+R+jx\=T=232

6400+ 160R + R* + X* = 53824

160R + R? + X2 = 47424 (4)

Subtracting (3) from (4),

160R =16448 —— R = 10280
From (3),

X?* =30976—10568 = 20408

X=14286=377TL —— L= 03789 H



Chapter 9, Solution 91.

mn

1
Z =—+R| joL
e Il jo

" wC R+ joL

-j oL’R+joLR?
= +
oC R® +o’L?

To have a resistive impedance, Im(Z, )=0.

Hence,

-1 oLR? 0
o
oC R?+w?Ll?
L_ oLR?
oC R?+e?

B R? +0’L?

-~ ®’LR?

where ©=2nf =21x10’

~ 9x10* +(4n® x10™)(400x107)
(42 x10")(20x107°)(9 x10*)

9+16m>
T 7 nk

C = 235 pF

Chapter 9, Solution 92.

(a) Z, =\/Z=\/ 100275 - =471.4/13.5°Q
Y V450-48°x10°

(b) y =+ZY =~/1002£75° x450.£48° x10° =0.2121.61.5°



Chapter 9, Solution 93.

=7 +27,+7,
Z=(1+08+232)+30.5+0.6+18.9)
Z =25+ j20

1152£0°

S AU | £ <
L7 32.02./38.66°

I, = 3.592/-38.66° A




