Chapter 11, Solution 1.

v(t) =160cos(50t)
i(t) = -20sin(50t — 30°) = 2 cos(50t —30°+180°—90°)
i(t) = 20 cos(50t + 60°)

p(t) = v(1)i(t) = (160)(20) cos(50t) cos(50t + 60°)
p(t) = 1600 cos(100t + 60°) + cos(60°) | W
p(t) = 800 + 1600 cos(100t + 60°) W

1 1
= EVmIm cos(0, —6,) = 5(1 60)(20) cos(60°)

P =800 W

Chapter 11, Solution 2.

First, transform the circuit to the frequency domain.

30c0s(500t) ——> 30.0°, =500
03H — joL=jl50

: By
20uF ——> ) — -jl00

ioC ~ (500)(20)(10)

I I, -i100Q
. . |
I

30£0°V <+> j150 Q § 200 Q

I = 3(_)40 =0.2£-90°=-j0.2
J150
1,(t) = 0.2cos(500t —90°) = 0.2sin(500t)

3020° 03
I - =2 0.1342./26.56° = 0.12 + 0.06
27 200- {100 2— ] i




i, (t) = 0.1342 cos(500t + 25.56°)

I=1,+1,=0.12—j0.14 = 0.1844./ - 49.4°
i(t) = 0.1844 cos(500t — 35°)

For the voltage source,
p(t) = v(t)i(t) =[30cos(500t) ] x[ 0.1844 cos(500t —35°) ]

Att=2s, p =5.532co0s(1000) cos(1000 — 35°)
p =(5.532)(0.5624)(0.935)
p=291W

For the inductor,
p(t) = v(t)i(t) =[30cos(500t) ] x[ 0.2sin(500t) ]

Att=2s, p = 6.¢c0s(1000)sin(1000)
p = (6)(0.5624)(0.8269)
p=279W

For the capacitor,
V., =1, (-j100) =13.42 £ - 63.44°
p(t) = v(t)i(t) =[13.42cos(500 — 63.44°) 1 x[ 0.1342 cos(500t + 25.56°)

At t=12s, p =18co0s(1000 — 63.44°) cos(1000 + 26.56°)
p=(18)(0.991)(0.1329)
p=237TW

For the resistor,
V, =2001, =26.84.£25.56°

p(t) = v(1)i(t) = [ 26.84 cos(500t + 26.56°) ] x [ 0.1342 cos(500t + 26.56°) ]

Att=2s, p=3.602cos2(1000+25.56°)

p = (3.602)(0.1329?
p = 0.0636 W



Chapter 11, Solution 3.

10cos(2t+30°) —— 10£30°, 0=
IH — joL=j2

1
025F —> ——=-i2

joC
I 4Q I 20
——\W\ —\W\

I,

10£30° V C) 20 =

. A (2)(2-32) .
J2||(2—J2)=—2 =2+]2
—M—l 581/11.565°
442452 '
2 .
I, =—1=jI=1581£101.565°

12
I, = TI =2.236.£56.565°

For the source,

.1
S=VI' =—(10£309(1.581£-11.565°)

S=7.905/18.43°=7.5+j2.5
The average power supplied by the source = 7.5 W

For the 4-Q resistor, the average power absorbed is
1 1
- 5\ IR = SUS8D () =5 W
For the inductor,
1 2 1 5. .
S= 5\12 'z, = (2236 ()=

The average power absorbed by the inductor = 0 W



For the 2-Q resistor, the average power absorbed is

——\1 i R:—(l 581)2(2) = 2.5 W

For the capacitor,

1 2 1 5 )
5:5\11\ Z, = (.58 (-2) = -j2.5

The average power absorbed by the capacitor = 0 W

Chapter 11, Solution 4.

20Q 10 Q2

50 V CD I = -il10Q

I,

0000

For mesh 1,
50=(20—;j10)I, +j101,
5=2-)I +1,

For mesh 2,
0=(10+j5-;j10)1, +j101,
0=02-)I, +j2L,

In matrix form,

2—7 ] —||_I_|
2-il

ZJ

A=5-j4, A =5@2-)), A,

I =—1=""""=1746£12.1°
j

For the source,

1o .
S =§VI1 =43.65£-12.1°

10

iSQ

(1)

2)



The average power supplied= 43.65co0s(12.1°) = 42.68 W

For the 20-Q resistor,

I
P=—[1,['R=3048 W

For the inductor and capacitor,
P=0W

For the 10-Q resistor,

p_t
2

LI'R=122W

Chapter 11, Solution 5.

Converting the circuit into the frequency domain, we get:

1Q 20
VW VW
8£-40° g j6 T
82— 40°
ljg = =1.6828/ — 25.38°
L J62-12)
j6+2-j2
2
Pl = 28287 4150w
Psn=Poosr =0
j6 0
hq|=|———-1.6828£-2538°=2.258
16+2-32
2
Pyg = 225 225097 W




Chapter 11, Solution 6.

20Q 10 Q

50 V CD I = -il0Q I

1BQ

0000,

For mesh 1,
(4+32)I, —j2(4£60°)+4V, =0 (1)
V, =2(4£60°-1,) (2)
For mesh 2,
2-pI,-2(4£60°)-4V, =0 3)

Substituting (2) into (3),
(2-j)I,-8£60°-8(4£60°-1,)=0

40.£60°
I, = ,
10—
Hence,
v _ 2[44600 40460"] - j860°
o 10-j ) 10—j
Substituting this into (1),
(4+ )1, = 8600+ B2E00 ('8460°)(14_jj
15 0-j 10- ]
4/60°)(1+ jl4
I, = ( WA+ 5 498.125.06°
21+ 18
1 2 1 s
P, = E‘ I,[R= 2 (2498)" (4) = 1248 W
Chapter 11, Solution 7.
200 100
MA MA

1BQ

0000/

50 V CD I = -l0Q I




Applying KVL to the left-hand side of the circuit,

8£20°=41,+0.1V, (1)
Applying KCL to the right side of the circuit,
Vl Vl
8I, +——+ =
15 10-35
But v-— oy oy =By
o °T10-j5 AT
10—j5 V,
Hence, 8I_ + \Y =0

I, =j0.025V, (2)
Substituting (2) into (1),
8£20°=0.1V, (1+))

~80.£20°
14

vV, 10
I,=—2=——/-25°

10 2

L ﬁ{—(lI@j(m)— 250 W
S22 2 -

Chapter 11, Solution 8.

We apply nodal analysis to the following circuit.

Vl Io -jzlon Vz
> C L
6£0° A CT) g 10 Q T 051, 40 O
L
Atnode 1, -
6=vi Vo y ooy (1)
“q0t -jpo T 2

At node 2,



0.51 +1 A
ST +1 =—
o 0T 40
VI_VZ
But, I =—
¢ -j20
- 1.5(V,-V,) V,
n —_— =
enee, - 120 40
3V, =(3-j)V,

Substituting (1) into (2),
j360-3V, -3V, +jV, =0

y, =360 _360
2T 5 37 )

AN
20 T3700

2
op 1( 9
P=E\12\ R=—|— | (40)=43.78 W

V37

2

Chapter 11, Solution 9.
6
V, = (l + E)VS =(4)(2)=8 V rms
P —VOZ _o W = 6.4 mW
=R Ty T22MW
The current through the 2 -kQ resistor is

v, =1mA
2k

P, =I’R=2mW

Similarly,
P, =I’'R = 6 mW

)



Chapter 11, Solution 10.

No current flows through each of the resistors. Hence, for each resistor,
P=0W.

Chapter 11, Solution 11.

=377, R =10%, C=200x10"
®RC = (377)(10*)(200 x 10°) = 0.754
tan™' (oRC) = 37.02°

10k
=———=/-37.02°=6.375£-37.02° kQ

Z
o J1+(0.754)>

i(t) = 2sin(377t +22°) = 2cos(377t — 68°) mA
[=2/-68°

S=1 7, =

rms“~ab

( <107 2(6 3752-3 020) 10°
- - - %
— . /.

S=12.751£-37.02° mVA

P =|S|cos(37.02) = 10.181 mW

Chapter 11, Solution 12.

(a) We find Z., using the circuit in Fig. (a).

l Vo
8 Q § — = -ji2Q
!
(@)

®G2) 8 . -
SR - —(1-j4) = 0.471- j1.882
8 i 7= J

Z,, =8]-2=

Z, =7 =0471+j1.882Q




We find V,, using the circuit in Fig. (b).

Lo
.|
8Q Ven ~-i2Q (T) 4/0° A

(b)
I, ——(4400)
™ 8—j2

)

mXO8R, (8)(0.471)

=1599 W

(b) We obtain Z,, from the circuit in Fig. (c).

-]SQ
|\
% =
Z o O)E-33) )
m=12+5(4-13)=2+——-—=25+]l.167

9- 3

Z, =7 =25-jl.167Q




Chapter 11, Solution 13.

(a) We find Z., at the load terminals using the circuit in Fig. (a).

j100 Q
——

Zin
80 O § GA0Q AR e

()

(-j40)(80+ j100)
80+ j60

Z,, =-j40] (80+ j100) = =512-jl.6

Z, =7, =512+j1.6Q

(b) We find V,, at the load terminals using Fig. (b).

I, 1000
—>—/00" .
+
3.220° A CT) 80 Q § QTS Vg
(b)
80 8)(3.£20°
Io — - - (34200) — M
80+ 100 — j40 8+ j6

(-j40)(24 £20°)
8+ 6

(8
val o

P = 8R,  (8)(51.2)

V., =-j401, =

=225W




From Fig.(d), we obtain V,, using the voltage division principle.

W S
i2Q
10£30° V (D + 40
I

4-73 ~(4-pY10
V., = 5 (10£30°) =| 5= | 5 430

LY
val o3

P - _ ~1.389 W
mcTUgR . (8)(2.5) e
Chapter 11, Solution 14.
24 Q —i10 Q
[
- —
16 Q +
40.290° A § 100 Vi« Zm
i8Q _
L
Zy =104+ LOF2VAOHI®) 4 045 177 28245- 230
10+ j24+16+ 58

Z =77 =8.245+j2.3Q



. 10 . .
Voo = 1(16+ i8) = 40(16 + 8
th =116+ 8) 10+ 24416+ 8" 16+18

=173.55£65.66° =71.53+ j158.12V

2
Vi

2
8.245 = L8.245 =456.6 W

I2
2
(2x8.245)

rms

P =

max

Chapter 11, Solution 15.

To find Z, , insert a 1-A current source at the load terminals as shown in Fig. (a).

1Q 1 -iQ 2
1
MV G
+
V, ]Q 2V, 1A
(@)
Atnode 1,
Vo Vo VZ_VO .
T A A 2 (1)
L] -]
At node 2,
V,-V, ) )
142V, =—— — 1=jV,-(2+)YV, (2)

-]
Substituting (1) into (2),
1=jV,=C2+)V, =1-)V,

Z, =7, =05-j05Q



We now obtain V;, from Fig. (b).

1Q o)
W —1C y
+ +
12£0°V (D v, % iQ T 2V, Va
(b)
12-V, 'V,
2V, + =
1 J
_-12
14

Vo= (j*x2V)+Vy =0

. (12)(1+j2)
V., =(1+j2)V, = ———="
Th ( .] ) o 1 _]

kil
[ L2

mxO8R, (8)(0.5)

=90 W

Chapter 11, Solution 16.

w=4, H —> joL=j4, 1/20F y -1
joC ~ jax1/20

_]5

We find the Thevenin equivalent at the terminals of Z;. To find V13, we use the circuit
shown below.

0.5V,
20 Vi 4Q V,
%
+
+ +

10<0° <> Vo T -5 j4 V




Atnode 1,

10—V, V, V.-V,
L= L 1025/, + 12 > 5=V,(1+,0.2)-0.25V,
2 - J5 4
At node 2,
VI_VZ

.
H025V =2 ——  0=05/+/,(-025+0.25)
J

Solving (1) and (2) leads to
V,, =V, =6.1947+ j7.0796 = 9.4072/48.81°

Chapter 11, Solution 17.

We find R, at terminals a-b following Fig. (a).

(@)

(30)(j20)  (40)(:j10)

2., =301j20+40 (-j10) = 30+j20 40— jl0

Z. =9.23+13.85+2.353— 9.41
Z, =11.583+j4.44Q
Z, =7, =11.583—j4.44Q

We obtain V., from Fig. (b).

(b)

(1)

)



Using current division,

30+ 520 . ,

| = 70+ 10 (j5)=-1.1+;23
40-j10 . ,

, = 70+j10(J5)=1'1+J2'7

V.. =301, +jl0I, =10+ j70
2

v,

max

5000
S8R,  (8)(11.583)

=53.96 W

Chapter 11, Solution 18.

We find Z., at terminals a-b as shown in the figure below.

400 § e
40Q 80 Q T
AMA W—]
° a Y
20 Q —
! T
- o (80)(-j10)
Zr, = J20+40 | 40+80 (10) = j20+20+ ¢ 7= 10

Z., =21.23+i10.154

Z, =7, =21.23-j10.15Q

Chapter 11, Solution 19.

At the load terminals,

. .. 03+
Z,, =-J2+6||(3+J)=-J2+Tj

Z,, =2.049—jl.561

RL:‘ZTh

=2.576 Q



Toget V,, , let Z =6 (3+j) = 2.049 + j0.439.

By transforming the current sources, we obtain
V., =(4£0°)Z =8.196+ j1.756

2
o _Ivnl 70258
mxX T 8R,  20.608

=3.409 W

Chapter 11, Solution 20.

Combine j20 Q2 and -j10 € to get
j201-j10 = -j20

To find Z,, , insert a 1-A current source at the terminals of R, , as shown in Fig. (a).

[, 400 : Vi Vs
M\ D .
-ji20 Q 4~ -ji10 Q 4~ CT) 1A
(@
At the supernode,
Vl Vl VZ
l=—+4+——
40 -j20 -jl0
40=(1+j2)V, +j4V, (1)
-V,
Also, V, =V, +41_, where I =——-
40
\E
LIV, =V, — V= (2)

Substituting (2) into (1),

IPAAN
40=(1+32) 11 + 34V,



Z,=—=105-j6.71Q

R, =|Z, |=67920

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

I, 40Q ‘v, Vv,
—— WA A—— + — .
1 “1 +
120.£0° V Cf) 200 J10Q Ve
(b)
At the supernode,
120-V, YV, V,
= +
40 -j20  -j10
120=(1+j2)V, + j4V, 3)
120-V,
Also, V, =V, +41_, where I =———
40
V,+12

Substituting (4) into (3),
109.09 - j21.82 = (0.9091 + j5.818) V,

VooV - 109.09 — j21.82
™27 0.9091+ j5.818

=18.893£-92.43°

Vel ass3y

P S8R,  (8)(6.792)

max

=6.569 W



Chapter 11, Solution 21.

We find Z., at terminals a-b, as shown in the figure below.

100 Q 10 Q
MV —E *a
40 Q

i30Q

Z., =50][-jl0+100] (40+ i30)]

(100)(40 + j30)
140+ j30

where 100 | (40 + j30) = =31.707 + jl4.634

(50)(31.707 + j4.634)

Zy, =50]|(31.707 + j4.634) =1 707+ 34 634

Z, =195+l.73

R, =|Z, |=19.580Q

Chapter 11, Solution 22.

i(t)=4sint, O<t<nr

o =lj16sin2tdtzﬁ(i—smzt) =% _g)=s
T, T\ 2 4 T 2

I, =+/8=2.828 A



Chapter 11, Solution 23.

15, O0<t<2
v(t) =

5, 2<t<6
1[ 2 6 550
2 _ 2 2 -
Vrms—6 J‘OIS dt+J‘25 dt |= G
V.,..=9574V
Chapter 11, Solution 24.
5 O0<t<l
T=2, v(t) =
-5, I<t<2

1 25
V2 =5H0152 dt+ [ (57 dt]:?[1+1]: 25

Chapter 11, Solution 25.

2 1T _1[[1 2 2 3,2 ]
fmls_?jof (t)dt_E o (= dt+]70dt + [747dt

:l[l6+0+16]:2
3 3

frms = ,/% —3.266



Chapter 11, Solution 26.

A 5 0O<t<?2
T=4, YO=110 2<t<4
112 4 1
NE :_H 52 dt+ [} (10) dt]:—[50+200]=62.5
rms 4% o) 4
V... = 7906 V

Chapter 11, Solution 27.

T=5, i(H)y=t, 0<t<5

IZ _l Zd_li _12_5_8333
ms 5% 53 15

I =2887 A

Chapter 11, Solution 28.

Vi :—“ (41) dt+J. 0 dt]

116, 16
V2, == —— |2 =—(8)=8.533
w53 ; 15
V. =292V

V2, 8533
= 2T 4267 W



Chapter 11, Solution 29.

20-2t S<t<l15
T=20, i(t) =

-40+2t 15<t<?25

1
e :2_0“-515(20—202 dt-i-_[255(-4()-1-2‘[)2 dt]

A s ) 5,

n=5 [ (10020t + %) dt+ [ " (t* - 40t +400) dt
2 1|_ 2 t’ 15 t’ 2 25—|
I = 5| [100c-10¢ +?\5 +| 55— 208 +400t \ISJ

1
I = 5[83.33 +83.33]1=33.332

I,=5713A

P=12,R =400 W

Chapter 11, Solution 30.

{t O<t<?2
t) =
VD=1 ooy

Vrfns :i[".oztz dt+Iz4(-])2 dt]:%{§+2}=11667

V.. =108V

Chapter 11, Solution 31.

2

1 1 p 1[4
V2ms =— | v(@)dt ==| | (20)*dt + | (—4)*dt | = =| —+16 | = 8.6667
o 2{{() !( ) } 2[3 }




Chapter 11, Solution 32.

P Y 232 2

IrmS_E[L(lOt) di+ | Odt}

2 =o't de=50-L )1 =10
=50) t* dt =50} =

rms

I =3.162A

Chapter 11, Solution 33.
J 10 0<t<l1
i(t)=320-10t 1<t<2
0 2<t<3
1
1§m=§[£102 dt+f(20—10t)2 dt+0

312 = 100+100f(4—4t+t2) dt =100 + (100)(1/3) = 133.33

133.33
Lo =y = 6667 A

Chapter 11, Solution 34.

1

f/ims =%j§fz(t)dt =§h§(3t)2dt+j2362dt]
2
3
L2 36 =20
0

fons =20 = 4.472



Chapter 11, Solution 35.

rms

V2 =é“;102 dt+f12202 dt+L4302 dt+LS202 dt+L6102 dt]

V2, =

1
e = 5[100+400+ 1800+ 400 +100] = 466.67

V.. =216V

Chapter 11, Solution 36.

(@) Lms=10

2
(b) Vi =47 +[ij — V. = 1/16+2 =4.528 V (checked)
J2 2

© I, = 64+%:9.055A

@ v, =210 ysgy
2 2

Chapter 11, Solution 37.

i=1i +i,+i; =8+4sin(t+10”)+ 6cos(2t +30%)

Irms :\/Izlrms +122rms +123rms = 64+%+3_26:\/9_0:9487A

Chapter 11, Solution 38.

05H —— joL=j(2n)(50)(0.5) = jl57.08

Z=R+jX, =30+il57.08



2

v

(210)?

S = .
Z 30— j157.08
(210)?
Apparent power = ‘ S‘ =60 - 275.6 VA

157.08
36

pf = cos0 = cos[tan“( D = ¢0s8(79.19°)

pf =0.1876 (lagging)

Chapter 11, Solution 39.

(402 -38)

Z, = pll02- ==

Z.=043+jl1)=4.56,74.74°

pf = cos(74.74°) = 0.2631

Chapter 11, Solution 40.

Atnode 1,

120£30° -V, _ Vi Vi=V)
20 B30 50

v

103.92 + j60 = V; (1.4 — j0.6667) - 0.4V,
At node 2,

VI_VZ —E+ Vz
50 10 - 40

> 0=-V,+(6+j1.25)V,

Solving (1) and (2) leads to

V,=45.045+366.935, V,=9.423+)9.193

M

)



(a) ijQ =0= Pf_/4og

Vies 11V, [
R

P = =173.3/20=8.665 W

1A=k

Pag = 4603.1/100 = 46.03 W

_1
2

1]120430° =¥, |
2 R

Py = =3514/40=87.86 W

120./30° —
(b) 1= % =2.944 - j0.3467, V. =120/30°

S- %VS]’ ~1425- /1063, S=S|=177.8VA

(c) pf=142.5/177.8 =0.8015 (leading).

Chapter 11, Solution 41.

Li2)(+i3
(@) -jzu(js—jz):-j2||-j3=%=-j6

Z.=4-)6=7211£-56.31°

pf = cos(-56.31°) = 0.5547 (leading)

. L (2)@E+) .
b 2| (4+7j) =" =0.64+il.52
(®) 2[4+ 4+ 3 +]
Z=1|(0.64+il.52—] _064+j044
=064+ 1152 =) =1 044

pf =cos(21.5°) = 0.9304 (lagging)

=103.92+ ;60

=0.4793£21.5°



Chapter 11, Solution 42.

pf =0.86=cos®@ ——> 6=30.683°

. Q 5
~Ssinf —> S——> - —9.798 kVA
Q="Ssm sinf _ sin(30.683°)

S 9.798x10° £30.683°
A\ 220

*

S=VI' —— I'= =44.536.£30.683°

Peak current = \5 x44.536 = 62.98 A

Apparent power = S = 9.798 kVA

Chapter 11, Solution 43.

(a) V = \/Vzlrms + V22rms + V23rms = 25 +%+% = \/E = 5477 V

rms

2
V rms

(b) P= =30/10=3W

Chapter 11, Solution 44.

pf =0.65=cos§ ——> 6=49.46°
S = S(cos@ + jsin@) = 50(0.65+ j0.7599) =32.5+ j38 kVA

Thus,
Average power = 32.5 kW, Reactive power = 38 kVAR




Chapter 11, Solution 45.

2
(a) Vzrm‘g=202+%:2200 —— V. =469V

2
I, =41+ 0'25 =+/1.125 =1.0614

(b)y P=V, I =49.74W

rms = rms

Chapter 11, Solution 46.

(a) S=VI' =(220230°(0.52-60°=110.-30°
S = 95.26 - j55 VA

Apparent power =110 VA
Real power = 9526 W
Reactive powmAR
pfis leading because current leads voltage

(b)  S=VI = (250£-10°)(6.2£25° = 1550/15°
S = 1497.2 + j401.2 VA

Apparent power =1550 VA

Real power = 14972 W

Reactive power =401.2 VAR

pfis lagging becamags voltage

(c)  S=VI =(120£0°(2.4./15% = 288 /15°
S =278.2+74.54 VA

Apparent power =288 VA

Real power =27 82W

Reactive powm VAR

pfis lagging becamags voltage



(d)

S=VI' = (160£45°(8.5./-180°) = 1360.£ -135°
S =-961.7— j961.7 VA

Apparent power =1360 VA

Real power =-961.7 W

Reactive power =-961.7 VAR

pfis leading because current leads voltage

Chapter 11, Solution 47.

(a)

(b)

(©)

(d)

vV =112/10°, I1=42-50°
1
= EVI* =224,/60°= 112+ j194 VA

Average power =112 W
Reactive power =194 VAR

V =160.£0°, I=25/45°
1
S = EVI* =200£-45°=141.42-j141.42 VA

Average power =141.42 W
Reactive power =-141.42 VAR

2

IV _wop — 128./30° = 90.51+ j64 VA
Tz T 50.-300 -

S

Average power =90.51 W
Reactive power =64 VAR

S =|1|°Z = (100)(100.£45°) = 7.071+ j7.071 KVA

Average power =7.071 kW
Reactive power =7.071 kVAR



Chapter 11, Solution 48.

(a) S=P-jQ=269—jl150 VA

(b) pf =cos6=09 ——> 0=25.84°

Q 2000

Q=Ssin@ —— S= Sinb - Sin(25.84%) =4588.31
P =Scos0=4129.48
S =4129—-j2000 VA
(c) Q=Ssin6 ——> sin9=g=ﬂ=0.75
S 600
0=48.59, pf =0.6614
P =Scos0=(600)(0.6614) =396.86
S =396.9+ j450 VA
(d) S_\V\2_(220)2_1210
Clzl 40
P=Scos6 ——> cose=£=@=0.8264
S 1210
0=34.26°

Q =Ssin0=681.25

S =1000+ j681.2 VA

Chapter 11, Solution 49.

4
(a) S=4+ jﬁsin(cos'l (0.86)) kVA

S=4+j2.373 kVA




P 1.6
(b) pf:§:70.8:cos€) —— sinB=0.6

S=1.6—j2sin0=1.6— jl.2kVA

() S=V_ I =(208220°)(6.5/50°) VA

§ms — rms

S =1.352/70°= 0.4624 + j1.2705 kVA

IV 200 14400
7" 40-j60 72.11£-56.31°
S =199.7./56.31°=110.77 + j166.16 VA

(d)

Chapter 11, Solution 50.

) -1000
(a) S=P-;Q=1000- 0.8

sin(cos™(0.8))

S =1000— ;750
2
‘Vrms
But, S-= "
Z
v (220) .
7 = =30.98+ j23.23

S 1000- j750

Z = 30.98 - j23.23 Q)

®  s=|1,.[z
z -5 1500472000 0 s 13890
= ) = 2 = . J .
L ®
2 2 )
© Z*:\Vrms :\V\ (20 s cor
S 28  (2)(4500260°)

Z=1.6£60°= 0.8+ j1.386 Q2




Chapter 11, Solution 51.
(@  Z;=2+(10-35)](8+j6)

(10— j5)(8 + j6) _2+110+j20
18+ j B 18+ j

Z,=2+

Z. =8.152+j0.768 = 8.188.£5.382°

pf = c0s(5.382°) = 0.9956 (lagging)

2 27" (2)(8.188.£-5.382°)

S =15.63.£5.382°

P =Scos0=15.56 W
(c) Q=Ssin6=1.466 VAR
@ S=|s|=1563vA

(e) S =15.63£5.382°=15.56+ j1.466 VA

Chapter 11, Solution 52.

.2000
SA =2000+
A J 0.8

0.6 =2000+ ;1500

Sp =3000x0.4 — j3000x0.9165 = 1200 — }2749
Sc =1000+ 500
S=S, +Sp +Sc =4200— {749

(@ pf= 4200 = 0.9845 leading.
V42002 + 7492
. «  4200-j749

(b) 8= Vil —> T == — = =35.55/-55.11°

Irms = 35.554-55.11° A.




Chapter 11, Solution 53.

(a)

(b)

S = Sa + Sg + Sc = 4000(0.8-j0.6) + 2400(0.6+j0.8) + 1000 + j500
= 5640 + 20 = 5640.£0.2°

* SB 4 SA +SC _ S _ 5640£0.2°

Chapter 11, Solution 54.

(a)

(b)

(©)

I = = = .4 4_2 . °
T Vs Ve Ve 120307 00404728
V2
I =+/2x66.46£29.88° = 93.97./29.8°A
pf=cos(0.2°) = 1.0 lagging.
, .1000 |
S=P-;Q=1000- 0.8 sin(cos™ (0.8))
S =1000— j750
2
B S ‘V““S
t = -
ut, 7
YA [V __220° 30.98 + j23.23
S 1000—j750 o9
Z = 30.98-j23.23Q
2
s=|1,.|Z
7. 1500+12000 _ 10 42+ 13.890
= = = o J .
‘Ims ‘2 (12)?
2 2
7" = ‘Vrms _ ‘V‘ _ (120)2 =1.6/£-60°
S 2SS (2)(4500£60°)

2=1.6£60°= 0.8+ j1.386 Q2




Chapter 11, Solution 55.

We apply mesh analysis to the following circuit.

-j20 Q j10 Q
|
[§ D000

I3
40.£0° V rms Cf L 20Q ( L C*) 50.£90° V rms

Formesh I, 40=(20-j20)I, —201,

2=(1-pL -1, (1
Formesh2, -j50=(20+;10)I, -201,
-15=-2L +(2+ )1, ()

Putting (1) and (2) in matrix form,
[2] 15 -1 7]
-jSJ‘L -2 2+] 12J

A=1-j, A =4-73, A, =-1-j5
I —5—4_—j3—1(7 i) =3.535.,8.13°
N

A, -1-3 .
[,=—2=—"=2-{3=3.605/-5631°

A 11—

L=1-1,=(35+j0.5)-(2-j3)=1.5+j3.5=3.808.£66.8°
For the 40-V source,

S=-VI, = -(40)(%-(7 - j)) =-140+j20 VA
For the capacitor,
s=|1,|"z, =-j250 vA
For the resistor,
s=|1,[ 'R =290 VA
For the inductor,
s=|1,|"z, = j130vA
For the j50-V source,
S=VI, =(j50)(2+j3)=-150+ j100 VA




Chapter 11, Solution 56.

: (6)(-J2) :
-j2]6= =0.6-jl.8
12| 6—i2 ]

344+ (-2) ]| 6=3.6+ 2.2

The circuit is reduced to that shown below.

D 3.6+j22Q

I,
+
2/30° A (D
Ve =50
_3O022 0 00y 2 0.95.,47.08°
° 8.6+j22 T '

V, =51, = 4.75£47.08°

1,1
S=_V, 1) = (475£47.089)(2£ -30°)

2

S=4.75/17.08°= 4.543 + j1.396 VA

Chapter 11, Solution 57.

Consider the circuit as shown below.

19 -jllfQ v, 20
AN 1C AW\
+
2420°V (f) 1Q § 20 % Vv, T 2V,

At node o,




24=(5+j4)V, — j4V,

VvV, -V, V,
At node 1, —+2V, =—
-] j2

Vi=2-jdYV,

Substituting (2) into (1),
24=(5+j4-18-16)V,

-4 v _(2292- %
° T 11+j4° 11+ j4

The voltage across the dependent source is
V,=V,+(2)2V,)=V,+4V,

PR o2 Clat )
T E A  E T!

1., 1 .
S=_V,I'=—V,2V,)

(-24)6-j4) -24 (576 .
==y J6- )
11+j4  11-j4 \137

S =25.23-j16.82 VA

Chapter 11, Solution 58.

sma | = 4k0

From the left portion of the circuit,

1 =92 04ma
° 500 ™M

201, =8 mA

(D

2)



From the right portion of the circuit,
4 16
I =——FF—@mA)=—"mA
4+10+3-33 7T-]

16x107)?
2R:(6>< 07)
50

S=|1

X

-(10x10%)
S =51.2 mVA

Chapter 11, Solution 59.

Consider the circuit below.

I, -i3kQ il kQ

[

sma | =

< 1€ 0000 —

§10kg

4, 220V, Y, v,
+ = +
50 -i20 " 40+ 30

88 = (0.36+j0.38) V,

88

V =——————=168.13£-46.55°
°~ 0.36+j0.38

I, = Y, =8.41/43.45°
o0 ‘

0

I, =
> 40+ 330

=3.363/£-83.42°

Reactive power in the inductor is

1 1
s=-|1, "z, = ~(3.363)°(j30) = j169.65 VAR

Reactive power in the capacitor is

S:l|11|2Zc=
2

%-(8.41)2 (-j20) = - j707.3 VAR



Chapter 11, Solution 60.
.20 . 1 .
S, =20+ _]ﬁsm(cos (0.8)) =20+ 15

16
S, = 16—|-jﬁsin(cos‘1 (0.9)) =16+ j7.749

S=S,+$, =36+ j22.749 = 42.585./32.29°

|

V =

(4]

= 7.098.£32.29°

pf = c0s(32.29°) = 0.8454 (lagging)

Chapter 11, Solution 61.

Consider the network shown below.

Io IZ
= = S,
+ v L
S, Vo S Ss

S, =12-j0.8 kVA
. 4 . 1 .
S, =4+ Jﬁsm(cos‘ (0.9)) =4+ 31.937 kVA

Let S,=S,+S, =52+jl.137kVA

1 :
But S, =5 V.,



o 28,  (2)(5.2+]1.137)x10°
v 100.290°

(4]

=22.74-j104

I, =22.74+ 104

Similarly, S, =2-]j sin(cos™ (0.707)) = 2 — j2 kVA

0.707

1 ;
But S, =5V, 1,

I*_zsl _(4-j4x10°
V. 100

0

= -40 - 40

I, = -40+ j40

I, =1 +1,=-17.26+ ;144 =145.96.83°

1
S, ==V,
o 2 o~ o

S, ==-(100£90°)(145£-96.83°) VA

1
2

S, =7.2-j0.862 kVA

Chapter 11, Solution 62.

Consider the circuit below

02+j0.04Q 1 L 03+j0.15Q

» »
L > > L
I
+ +

O v




15
S, =15- jﬁsin(cos'1 (0.8))=15-j11.25

But S, =V, 1,
oSy 1512
Vv, 120

I, =0.125+ j0.09375
V, =V, +1,(03+0.15)

V, =120+ (0.125+ j0.09375)(0.3 + j0.15)
V, =120.02 + j0.0469

10
S, =10+ jwsin(cos'1 (0.9)) =10+ j4.843

But S, =V,I!

S, 11.111£25.84°
V, 120.02.£0.02°

I, =

I, =0.093/-25.82°=0.0837 — 0.0405

I=1I,+1, =0.2087 + j0.053

V.=V, +1(0.2+ j0.04)

V. = (120.02 + j0.0469) + (0.2087 + j0.053)(0.2 + j0.04)
V. =120.06 + j0.0658

V. =120.06.£0.03° V

Chapter 11, Solution 63.

Let S=8§,+8S,+8S;.

S, =12—j

. 1 1
0.866 sin(cos™ (0.866)) =12 — j6.929

16
S, =16+ 5 =sin(cos” (0.85)) =16+ [9.916



(20)(0.6)

=——+7j20=15+ ;20
> sin(cos™(0.6) *J i

1
S=43+j22.987 = EVI*

o

. 2S 44+j2298
° vV 110

I, =0.4513£-27.58° A

Chapter 11, Solution 64.

L
8Q
+
I - ) 120£0°V
j12
IS+12211 OI'ISZL—IQ
120 .
Iy = — = 4.615-j6.923
8+ 312
. . S 2500-j400 _
But, S = VI2 —, =— = ——— = 20.83-3.333

2y 120
or I, =20.83+3.333

L=1-1,=-16.22 -j10.256 = 19.19/-147.69" A.




Chapter 11, Solution 65.

-
joC  10* x10

C=1nF —> =100 kQ

At the noninverting terminal,
420°-V, \% 4
= S
100 -3100 o 14

4
cos(10*t—45°)

v, (t) 7

Chapter 11, Solution 66.

As an inverter,
-7, V- —(2+.j4)
Z ° 4+33

1

Vv, = - (4.£45°)

\Y -(2+j4)(4£45°)
=—_ mA= ; ;
° 6—-j2 (6-j2)(4+j3)

The power absorbed by the 6-kQ resistor is

2
1 1 (~20x4
——1, sz—( a j %10 x 6x10°
2 2 W40 x5

P=0.96 mW



Chapter 11, Solution 67.

w=2, 3H —— jwL=j6, O0.IF ! = ! =—J5
joC  j2x0.1
. - j50 .
10//(=j5) = =2-j4
(=J5) 105 J

The frequency-domain version of the circuit is shown below.
7,=2-14Q

71 :8+]6Q > I

+ I,
+ >+ l

0.6£20° V <> V, Zs
(@) I = 0.6£20° -0 _ 0.5638 + j0.2052 0.06/ —16.87°

8+ j6 8+ j6

S = %VJ"\ =(0.3£20°)(0.06£+16.87°) =14.4+ j10.8 mVA = 18.£36.86° mVA

) Vv, =-22p, 1 =t QI (56,200)-00224299.7°
Z, Z, 128+ j6)

P= % |1, > R=0.5(0.0224)*(12) = 2.904 mW

=12Q



Chapter 11, Solution 68.
Let S=S; +S, +S,
. 1 :
where S, =P, +jQ, =ZI2R+j0

2 o

1
S, =P, +jQ, = 0+j51§03L

G ob v 0 e L
c ¢ .]c_ J O(DC

[

H S——Ier+'( L Lj—l
ence, =5 OL jloL-- J

Chapter 11, Solution 69.

(a) Given that Z =10+ j12

12
tan6=E —> 0=50.19°

pf = cos0 = 0.6402

v[' 20y
®) S:2Z*:(2)(10—j12)

=295.12 + j354.09

The average power absorbed = P = Re(S) = 295.1 W

(c) For unity power factor, 0, = 0°, which implies that the reactive power due
to the capacitor 1s Q, = 354.09

2

1
But Q=53 =50CV’

2Q, (35409
= oVe - 260120y 304 uF




Chapter 11, Solution 70.

pf =cos6=0.8 ——> sin0=0.6
Q =Ssin0=(880)(0.6) =528

If the power factor is to be unity, the reactive power due to the capacitor is
Q. =Q=528 VAR

But V1 cv: — C—2QC
ue Q=550 T V2
(2)(528)
= = 69.45 uF
(21)(50)(220)7 M
Chapter 11, Solution 71.
0, 50
P, =0, =150x0.7071 =106.065, 0, =50, S, = o h- 0.85 = O.SR = 66.67

S1 =106.065+ j106.065, S =66.67— j50
S=81+8,=172.735+ j56.06 =181.6./17.98°,  pf =cos17.98° =0.9512
0. = P(tan @, — tan6,) = 172.735(tan17.98° — 0) = 56.058

0. 56.058
C= 2 2
oV s 27mx60x120

=10.33 uF

Chapter 11, Solution 72.

(a) 0, = cos™(0.76) = 40.54°
0, = cos™(0.9) = 25.84°

Q. =P(tan0, — tan0,)
Q. =(40)[ tan(40.54°) — tan(25.84°) ] kKVAR
Q. =14.84 kVAR

oo Q. 14840
V2 (2n)(60)(120)?

rms

= 2.734 mF



(b) 0, =40.54°, 0, =0°
Q, = (40)[tan(40.54°)— 0] kVAR = 34.21 kVAR

oo Q. 34210
V2 (21)(60)(120)°

rms

= 6.3 mF

Chapter 11, Solution 73.

(@  S=10—jl5+22=10+j7kVA
S=|S|=+10+7* =12.21 kVA
S 10,000+ j7,000

=VI' — I'=_-=
®) 5=V \4 240

I1=41.667-329.167 = 50.86£-35° A

7
(c) 0, = tan'l(ﬁj =35°, 0, = cos"(0.96) =16.26°

Q. =P, [tanO, —tan0, ] =10[ tan(35°) - tan(16.26°) |
Q. =4.083 kVAR

o 408 s 03 uF
T oV2 | (2n)60)(240)7 oM
d S,=P,+iQ,, P, =P =10kW

Q,=0Q,-Q,=7-4.083=2917kVAR

S, =10+j2.917 kVA
But S,=VI,

S, 10,000+ j2917

P2
\% 240

I =

I,=41.667—-j12.154=43.42-16.26° A




Chapter 11, Solution 74.

(a) 0, = cos™(0.8) =36.87°
S, =—— =" _30kVA

Q, =S, sin6, = (30)(0.6) = 18 kKVAR
S, =24+ j18 kVA

0, = cos'(0.95)=18.19°
40
S, =—"—=—"2-=42.105kVA

Q, =S, sinB, =13.144 kVAR
S, =40+ jl13.144 kVA

S=8,+8S, =64+ j31.144 kVA

- _1(31.144) 55 050
= tan = .
64

pf = cosO = 0.8992

(b) 0, =25.95°, 0, =0°
Q, =P[tan, — tan®, ] = 64[ tan(25.95°)— 0] = 31.144 kKVAR

Q. 31144
V2 (21)(60)(120)?

rms

C

=5.74 mF



Chapter 11, Solution 75.

V[ a0 5760
Z;  80+j50 8+j5

@@ S, =517.75- j323.59 VA

(240> 5760
27 120-j70  12-77

=358.13+j208.91 VA

_(240)°
60

S, =960 VA

S=8,+8S,+S, = 1835.88— j114.68 VA

114.68
®) M \1835.88

pf =cos6=0.998

(©) Q. =P[tanO, —tan 0O, ]| =18.35.88[ tan(3.574°) - 0]
Q. =114.68 VAR

oo Q. 11468
V2 (21)(50)(240)2

rms

= 6.336 uF

Chapter 11, Solution 76.

The wattmeter reads the real power supplied by the current source. Consider the
circuit below.

4Q B3Oy
AMA——]

1220°V i2Q § 8Q 3/£30° A




3614+ j23.52

_ — 0.7547 + j11.322 = 11.347./86.19°
° =228~ 3.04 !

1., 1
=5V, I, =5 (11347.486.19°)(3£-30°)

S =17.021£56.19°

P =Re(S)=9.471 W

Chapter 11, Solution 77.

The wattmeter measures the power absorbed by the parallel combination of 0.1 F
and 150 Q.
120cos(2t) —— 120£0°, 0=2
4H — joL=38
1

01F —> ——=-j5
joC !

Consider the following circuit.

6Q iBQ 1
MW\ 0000 —>
120£0° V CD D z
15)(-5
z:15u(-j5)=%_(;5)=1.5—j4.5

120

1= =14.5/-25.02°
(6+ j8) +(1.5— j4.5)

—lVI*—l\I\2 L aasras—ias)
—2 —2 —2 . . Jj4.

S =157.69 - j473.06 VA

The wattmeter reads
P =Re(S)=157.69 W



Chapter 11, Solution 78.

The wattmeter reads the power absorbed by the element to its right side.
2cos(4t) —— 2.£0°, ow=4
IH — joL=j4

1 1
—F — —=3
12 joC

Consider the following circuit.

10 Q I

O[]

(D(-33)

Z=5+@+4|-3=5+44+—""—
j -] By E

Z =644+ 2.08

20

Il=——"—"—"7=1207£-7.21°
16.44 + j2.08

1,2 1 5 )
= 5\ 1| z-= 2 (1.207)*(6.44+ 2.08)
P = Re(S) = 4.691 W
Chapter 11, Solution 79.

The wattmeter reads the power supplied by the source and partly absorbed by the 40-Q
resistor.



o =100,
1 1

= =-i20
joC  {100x500x107°

10mH —— jlo0x10x107> =j, SO00uF

A4

The frequency-domain circuit is shown below.

20 I,
J\L
I 40 ]
— Vi Y AL
_l’_
l 21, 1
10<0° —T -j20

Atnode 1,

10-V - - - -
1:210+V1 'V2+V1 Vo _3Mi=-Va) W .Vz S
40 i 20 20 i (1)
10 = (7 — J40)V; + (=6 + j40)V,

Atnode 2,

VI_VZ_’_VI_VZ_ Vz
Jj 20 —20

0=20+ )V, =(19+ j)V, (2

Solving (1) and (2) yields V;=1.5568 —j4.1405

104‘01/1 =0.8443+ j0.4141, S= %VI’ =4.2216—- j2.0703

I =

P =Re(S)=4.222 W.

Chapter 11, Solution 80.



cosO=pf =0.825 —— 0=3441°

P=Sc0os0=1559.76 1.6 kW

Chapter 11, Solution 81.

kWh consumed = 4017 —3246 =771 kWh

The electricity bill is calculated as follows :
(a) Fixed charge = $12
(b)  First 100 kWh at $0.16 per kWh = $16
(¢)  Next200 kWh at $0.10 per kWh = $20
(d) The remaining energy (771 —300) = 471 kWh
at $0.06 per kWh = $28.26.

Adding (a) to (d) gives $76.26
Chapter 11, Solution 82.

(a) P =5000, O =0
P, =30,000x0.82 = 24,600, O, =30,000sin(cos™ 0.82) =17,171
S=S1+S2 = (P, +P5)+j(Q; +Q,) = 29,600+ j17,171

S =S |=34.22kVA
(b)  Q=17.171 kVAR

P 29,600

= =0.865
S 34,220

c) pof

Q. =P(tan0; —tan0,)
= 29,600tan(cos ! 0.865) — tan(cos ! 0.9)|= 2833 VAR

@ c- 2 2833

_ = =130.46uF
OV s 2mx60x2402 A



Chapter 11, Solution 83.

(a) S = %VI* = %(2104600)(84 —25°) =840./35°

P=Scosd =840cos35° =688.1W
(b) S=840 VA
(¢) O=_Ssinf =840sin35° =481.8 VAR

(d) pf =P/S =cos35° =0.8191 (lagging)

Chapter 11, Solution 84.

(a)  Maximum demand charge= 2,400 x 30 = $72,000

Energy cost= $0.04 x 1,200 x10° = $48,000
Total charge =$120,000

(b) To obtain $120,000 from 1,200 MWh will require a flat rate of

$120,000

1200x10° P kWh = $0.10 per kWh

Chapter 11, Solution 85.

(@ 15mH ——  j2m60x15x107° = j5.655
We apply mesh analysis as shown below.

— L
+
Ik
120<0°\/<> q 100
1
1 300
I,
+ 100
120<0°v () I,
i5.655 O




For mesh x,

120=101 - 101, (1)
For mesh y,

120 = (10+5.655) I, - (10+j5.655) L, (2)
For mesh z,

0=-10 Li—(10+j5.655) I, + (50+j5.655) L, (3)
Solving (1) to (3) gives

I, =20, I, =17.09-j5.142,1,=8
Thus,

Il =Ix =M

I, =1, =-17.09+j5.142 = 17.852163.26° A

I, =I,- I, =-2.091 j5.142 = 5907/ -119.5° A

by S = %(120)& =60x20=1200, S, = %(120)13 =1025.5— j308.5

S=5,+8,=22255-j308.5VA

(c) pf=P/S=2225.5/2246.8 =0.9905
Chapter 11, Solution 86.

For maximum power transfer
Z, =Z;h — Z,=1, :Z;
Z, =R+ joL=75+j(2n)(4.12x10°)(4x10°)
Z, =75+j103.55Q

Z, =175-j103.55Q

Chapter 11, Solution 87.

Z=R+iX

1z =R?+X? — X*=|z[ -R?=(3)?-(1.6)"
X = 2.5377 kQ

0=tan(X) - an (227757770
=tan’| o )= tan| = —)=57.

pf = cos6 = 0.5333




Chapter 11, Solution 88.
(a) S = (110)(24£55°) =220455°

P =Scos6=220co0s(55°) = 126.2 W

b) S=|s|=220vA

Chapter 11, Solution 89.

(a) Apparent power =S =12 kVA

P = Scosf = (12)(0.78) = 9.36 kW
Q =Ssin0=12sin(cos™(0.78)) = 7.51 kVAR

S=P+jQ=9.36+j7.51kVA

2

A , V[ o
V/ S (9.36+j7.51)x 10°
Z = 34.398+ j27.6 Q)
Chapter 11, Solution 90
Original load :
P, =2000 kW, cosf, =085 —— 0, =31.79°
Pl
S, = =2352.94 kVA

cos 0,

Q, =S,sin0, =1239.5 kVAR

Additional load :
P, =300 kW, cosf, =0.8 —— 0, =36.87°
P2
S, = =375kVA
cos0,

Q, =S,sin0, = 225kVAR



Total load :
S:S1 +S2 :(PI +P2)+j(Q1+Q2):P+jQ
P=2000+300=2300 kW
Q=1239.5+225=1464.5 kVAR

The minimum operating pf for a 2300 kW load and not exceeding the kVA rating of the
generator is

or 0=12.177°

The maximum load kVAR for this condition is
Q,, =5,sin0=2352.945in(12.177°)
Q. =496.313kVAR

The capacitor must supply the difference between the total load kVAR (i.e. Q ) and the
permissible generator kKVAR (i.e. Q_ ). Thus,

Q.=Q-Q,_ =968.2kVAR

Chapter 11, Solution 91

P =Scos0

Q =Ssin0 =220(15)sin(35.09°) =1897.3
When the power is raised to unity pf, 6, = 0° and Q, =Q =1897.3

oo Q. 18973
T oV2  (2m)(60)(220)°

= 104 pF




Chapter 11, Solution 92

(a) Apparent power drawn by the motor is
P 60

Q,, =S> —P? = /(80)* - (60)> =52.915 kVAR

Total real power
P=P, +P +P =60+0+20=80kW

Total reactive power
Q=Q,+Q, +Q, =52915-20+0=32.91 kVAR

Total apparent power
S=,P*+Q’ = 86.51 kVA

& pfeso 0 40248
Pl= 978651 —

© 1=->-8010_ 153

¢ VT 550 2

Chapter 11, Solution 93

(a) P, =(5)(0.7457) =3.7285 kW

P, 3.7285

Q, =S, sin(cos ™ (0.8)) = 2.796 kVAR
S, =3.7285+ j2.796 kVA

P, =12kW, Q, =0 VAR
S, =12+j0kVA

P, =(10)(120)=12kW,  Q,=0VAR
S, =12+ j0kVA



(b)

Q, =1.6kVAR, cos, =06 ——>

=2kVA

P, =S, cos0, = (2)(0.6) = 1.2 kW
S, =12-jl.6kVA

S=S,+S,+S;+8S,
S =7.3285+j1.196 kVA

Total real power = 7.3285 kW

Total reactive power = 1.196 kVAR

0= tan"( 1.196 jz 9.27°
7.3285

pf = cosO = 0.987

Chapter 11, Solution 94

cosf, =07 —— 0, =45.57°
S, =1MVA =1000 kVA

P, =S, cosO, =700 kW

Q, =8S,sinb, =714.14 kVAR

For improved pf,

cosf, =095 —— 0,=18.19°
P, =P, =700 kW

00
S, =—2—=——="73684kVA

Q, =S,sin0, =230.08 kVAR

sinf, = 0.8



Pl = Pz =700 kW

(a) Reactive power across the capacitor
Q. =0Q,-Q, =714.14-230.08 = 484.06 kVAR

Cost of installing capacitors= $30 x 484.06 = $14,521.80

(b) Substation capacity released =S, — S,
=1000—736.84 =263.16 kVA

Saving in cost of substation and distribution facilities
=$120x263.16 = $31,579.20

(©) Yes, because (a) is greater than (b). Additional system capacity obtained
by using capacitors costs only 46% as much as new substation and
distribution facilities.

Chapter 11, Solution 95

(a) Source impedance  Z =R —jX,
Load impedance Z, =R, +jX,

For maximum load transfer

ZL:Z: > Rs:RL9 Xc:XL
X X ! L
c L (DC
1
or o=——=2nf



1 1

f= = = 2.814 kHz
2nVLC  27,/(80x107)(40x10?) ———
(b) P Ve GO o0 mw (since V. is in rms)
= = = m
4RL (4)(10) SINce s 1S 1n rms

Chapter 11, Solution 96

Vin Ct) V43

(a) V., =146V, 300Hz
Z., =40+ 80

Z, =7, =40-j8Q

Vel asey
~ 8Ry,  (8)(40)

(b) = 66.61 W

Chapter 11, Solution 97

Z. =(2)(0.1+ j)+(100+ j20) =100.2 + {22 Q

I_VS _i
CZ, 1002+j22

100)(240)*
P=|if R, =100/1] = 0" _ <473

©(100.2)* +(22)?



