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21 (a) 4 =6/30°=6[cos30°+ /sin30°]=5.20+ ;3
(b) 4, =—4+ j5=/16+25 Ztan™! i4 = 6.40 £128.66° = 6.40¢/1255
(€) 4, =(5.20+ j3)+(—4+ j5)=1.20+ 8 =8.01/81.50°

(d) 4, =(6£30°)(6.40 £128.66°) = 38.414./158.658° = ~35.78 + j13.98
() 4 =(6230°)/(6.40£~128.66°) = 0.94 £158.66° = 0.94¢/155

22 (a) T=500£-30°=433.01- 250
(b) i(r) = 4sin(wr +30°) = 4cos (@t +30°—90°) = 4cos (@t — 60°)
I =(4)£-60°=2.83/-60°=1.42— j2.45
() T=(5/42)2-15°+42-60°=(3.42- j0.92) + (2 j3.46)
=542~ j4.38=6.964/ —38.94°

23 (a) ¥, =400V;I_ =100A

(b) V =400/~/2 = 282.84V; 1 =100/~/2 =70.71A
(c) V =282.84,30°V;1 =70.71£—-80°A

—j6 6./ —90°

24 (a) I,=10£0°——=——=10 =7.5/-90°A
8+ j6—j6 8
I=1-1=10£0°-73/-90°=10+7.5=12.5/36.87°A
V=1I,(~j6)=(12.5£36.87°) (6£-90°) =754 -53.13°V

ol

02
36.87°
T Re
53.13°

75
I \% (not to scale)

~l

7.5

25 (a) U(t)=277\/§cos(a)t+30°)=391.7cos(a)t+30°)V
(b) I=V/20=13.85/30°A
i(t)=19.58cos(wt +30°) A
(¢) Z=joL=j(2760)(10x107)=3.771£90° Q)
I =V/Z=(277230°)/(3.771£90°) =73.46 £ —60° A
i(t)= 73.46\/§cos(a)t —60°)=103.9cos(wr —60°) A
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(d) Z=-j25Q
I=V]Z=(277230°)/(25£-90°) =11.08 £120° A
i(t)=1 1.08\/5cos(a)t + 1200) = 15.67cos(a)t + 120°)A

2.6 (a) I7=(75/\/§)4 —15°=53.03£-15°; wdoes not appear in the answer.

(b) v(t) = 502 cos (@t +10°) ; with w= 377,
v(1)=70.71cos (3771 +10°)
(c) A=AZa; B=B/f; C=A+B
c(t) = a(t) + b(t) =2 Re[ Ce'™ |
The resultant has the same frequency w.
2.7 (a) The circuit diagram is shown below:

j8Q
7000

3Q

~I|

+

100.£0° <~> _— 4Q

(b) Z=3+/8—j4=3+j4=5/53.1°Q
(c) I =(100£0°)/(5453.1°) =202 -53.1°A

The current lags the source voltage by 53.1°
Power Factor =c0s53.1°=0.6 Lagging

2.8 »=7(377)(30.6x10°) = j11.536mQ
. =7(377)(5%107) = j1.885Q
. 1
<~ 377)(921x10%)
12032
2

NI B

=-j2.88Q

V= /-30°V

3

© 2017 Cengage Learning®. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



The circuit transformed to phasor domain is shown below:

s76ma  J11.536mQ
000

+ 5Q

120£-30° V <~> —j2.88 Q g -

j1.885Q

2.9  KVL: 120£0°=(60£0°)(0.1+j0.5)+V,,,,
" Vi =12020°—(60.£0°)(0.1+ 0.5)
=114.1-j30.0=117.9£-14.7°V «

2.10 (a) p(t)=v(®)i(t)=[400cos(wi +30°)][100cos(wt —80°) ]

=%(400)(100)[cosl 10°+ cos (2wt — 50°) |
=—6840.4 + 2x10* cos(2wt —50°) W
(b) P=VIcos(5— ) =(282.84)(70.71) cos(30°+80°)
=—-6840W Absorbed
=+6840 W Delivered
(c) Q=VIsin(5 - fB)=(282.84)(70.71)sin110°
=18.79 kVAR Absorbed
(d) The phasor current (~7)=70.71£—80°+180°=70.71 £100° A leaves the positive

terminal of the generator.
The generator power factor is then cos(30° - 100°) =0.3420 leading

211 (a) p(t)=v(t)i(t)=391.7x19.58 cos? (a)t + 30°)
1
2
=3.834x10° +3.834x10° cos (2w + 60°) W
P= Vlcos(5—ﬁ) =277%x13.85c0s0°=3.836kW
Q=VIsin(6—B)=0VAR
Source Power Factor = cos(5 - ﬁ) = cos(30O - 300) =1.0
(b) p(t)=v(t)i(t)=391.7x103.9 cos(a)t + 30°) cos(a)t — 60°)

=0.7669 x 104( j[l +cos(201 +60°)]

=4.07x10* [%J[cos90°+cos(2a)t —300)}
=2.035x10* cos(2cot—30°) %
P= V]cos(&—ﬂ) =277x 73.46cos(30°+ 60°) =0W
Q=VIsin(S - B)=277x73.465in90° = 20.35kVAR
pf = cos(5—ﬂ) =0 Lagging
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(c) p(t)=v()i(t)=391.7x15.67 cos(wt +30°)cos(wt +120°)
=6.138x10° Gj[cos(—90°)+ cos(2w1 +150°) | =3.069x 10° cos (2wt +150°) W

P=VIcos(5— B)=277x11.08cos(30°-120°)=0W
O =VIsin(5 - B)=277x11.08sin(-90°)
=-3.069kVAR Absorbed =+3.069kVAR Delivered
pf =cos(8— B)=cos(—90°) =0 Leading

212 (a) p,(1)=(359.3coswt)(35.93coswr)

2.13

=6455+6455cos2wt W
(b) p.(1)=(3593 cosa)t)[14.37 cos(wr + 90°)]

=2582cos(2cot+ 90°)
=-2582sin2wt W

(©) P=1*/R=(3593/\2) /10 —6455W Absorbed

d) 0=7?/X= (359.3/ NG )2 /25: 2582 VAR'S Delivered
(e) (B—5)=tan™' (Q/P)=tan™"(2582/6455)=21.8°
Power factor = cos(5 — ) = cos(21.8°) = 0.9285 Leading

Z=R—jx,=10-25=26.93L-68.2°Q
i(1)=(359.3/26.93)cos(wt +68.2°)
=13.34cos(wt +68.2°) A

(2) pyp(1)=[13.34cos(wt +68.2°) ][ 133.4cos(wt +68.2°)]
=889.8+889.8cos| 2(wt +68.2°) |[W

(b) p,(1)=13.34cos( w1 +68.2°) |[ 333.5cos(wt +68.2°~90°) |
=2224sin[ 2( oot +68.2°) [W

(c) P=I’R= (13.34/#5)2 10=889.8W

(d) 0 =1"x=(13.34/12) 25=2224VARS

(e) pf = cos[tan‘l (Q/P)} = cos[tan‘1(2224/889.8)1
=0.3714 Leading
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2.14 (a) I =2£0°kA
V=Z1=(3£-45°)(2£0°)=6£-45°kV
o(t) =62 cos(wr —45°)kV
p(H)=v@)i(t) = [6\/5 cos(wr — 45°)][2x/§ cos a)t]

= 24(%}[005(—450) +cos(2wr — 450)}
=8.49 +12cos (2wt — 45°) MW
(b) P=VIcos(5— B)=6x2cos(—45°—0°)=8.49MW Delivered
(c) Q=VIsin(5 - fB)=6x2sin(-45°—-0°)
=-8.49MVAR Delivered =+8.49MVAR Absorbed
(d) pf = cos(é‘ - ﬂ) = cos(—45o - 0°) =0.707 Leading

215 @) T=[(4/V2)260°|[(2230°) =2 230°A

i(t)y=2 cos(a)t + 30°)A with @ =377rad/s
p(t)=v@)i(t)= 4[cos30° + cos(2a)t + 90°):|
=3.46+4cos(2a)t + 90°)W

(b)v(?), i(f), and p(¢) are plotted below.
(c) The instantaneous power has an average value of 3.46 W, and the frequency is twice
that of the voltage or current.

80
6.0
4.0

2.0

1 1 1 1 1 L 1 1 1 1 Il Il 1 1 1 1 Il 1 1 J

-8.0
0.000 0.003 0.006 0.009 0.012 0.015 0.018 0.021 0.024 0.027 0.030

1(s)
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216 (a) Z=10+;1207x0.04=10+ j15.1=18.1£56.4°Q
pf =c0856.4°=0.553 Lagging
(b) V=120 £0°V
The current supplied by the source is
I=(120£0°)/(18.1£56.4°) =6.63£ - 56.4° A

The real power absorbed by the load is given by
P=120x%6.63xc0s56.4°=440 W

which can be checked by 2R =(6.63) 10 = 440 W

The reactive power absorbed by the load is
0=120x%6.63xsin36.4° =663 VAR

(c) Peak Magnetic Energy =W = LI* = 0.04(6.63)2 =1.761]
O=wW =377x1.76 =663 VAR is satisfied.

217 (a) S=VI'=ZIT =Z[I[ = joLI’
O=Im[S]=wLl> <«
(b) v(t) = L% =20L Isin(wt +6)

p()=v(1)-i(t)=-2wL I’ sin(wt + 6)cos(wt + 6)
=-oL I*sin2(wt +0) <«
=—Qsin2(wr+6) «

Average real power P supplied to the inductor =0 <«

Instantaneous power supplied (to sustain the changing energy in the magnetic field) has
a maximum value of Q. «—

218 (a) S=VI'=Z11 =Re[ZI* |+ /Im[ ZI]
=P+ )0
SP=F1cosF;Q=21*sin/F «
(b) Choosing i(t) = V2 Icos wt,
Then v(t) = 221 cos(a)t + L-Z)
= p(1) = (1) i(t) =Z I? cos(wt + £Z ) - cos wt
=1 [cos LZ +cos(2wt + L%)}

=Z1 [cos L7+ cos2mt cos LZ —sin2 ot sin LZ—]
=P(1+cos2wt)—QOsin2wt <«
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(©) {L=R+ja)L+.L
Jjo

From part (a), P=RI* and Q=0, +O..

where O, =wLI* and Q.. =—L12
wC

which are the reactive powers into L and C, respectively.
Thus p(t)=P(1+cos2wt)-Q, sin2wt — Q. sin2wt «

If0’LC=1, Q,+0,=0=0
Then  p(1)=P(1+cos2wr)

219 (a) S=V1" = [1504100J[i4—500J =375 £60°
V2 2

=187.5+ j324.8
P=ReS =187.5W Absorbed

375 VA 324.8 VARs
O =ImS =324.8 VAR S Absorbed A
() pf = cos(60°) =0.5 Lagging 187.5W

(c) O =PtanQs =187.5tan[ cos™ 0.9 | = 90.81 VARS
0. =0, —0; =324.8-90.81=234 VARS

220 Y, Lol _00s5s-30°= (0.0433—-j0.025)S =G, — jB,
% 20£30°
Y, 11 _o0as-60°= (0.02-,0.03464)S =G, + B,
% 25260°

=V2G, = (100)2 0.0433 = 433 W Absorbed
. =(100)70.025 =250 VAR'S Absorbed
P, =G, =(100) 0.02 = 200 W Absorbed
=12B, =(100)’ 0.03464 = 346.4 VAR S Absorbed

869.7 VA Os=01+ 0

= 596.4 VARS
500 VA 400 VA 0, =346.4 VARS
Q, =250 VARS

P =433 W P,=200W

Pg=P +P,=633W
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221 (a)

A
) o |9

V.U — voero

O, =Ptang, =500tan53.13°=666.7 kVAR
@, =cos™' 0.9 =25.84°

O, = Ptan¢g, = 500tan25.84° =242 2kVAR
0.=0, -0, =666.7-242.2 =424 5kVAR
S, =0, =4245kVA

500)0.746
(b) The Synchronous motor absorbs P, = % =414.4kW and Q, =0kVAR

Ss

Y os

Pg=P+P, = 4144 + 500
=914.4 kW

Q5= 0, = 666.7 KVAR

Source PF = cos| tan™! (666.7/914.4) | = 0.808 Lagging

1 1

222 (a) leéz = =0.16£-51.34°
% (4+5) 6.4451.34°
=(0.1-,0.12)S
Z:é:izo.ls
. 10
P=V*(G+G,)=V = P _ | 1090 4551y
G +G, \(0.1+0.1)

B =VG,=(70.71)’ 0.1=500 W
B, =V2G, =(70.71)" 0.1=500 W
(b) Y, =Y +% =(0.1-0.12)+0.1=0.2— j0.12
=0.233£-30.96°S
I;=VY, =70.71(0.233)=16.48 A

9
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223 S=V1"=(120£0°)(15£-30°)=1800/—30°
=1558.85— j900
P=ReS =1558.85W Delivered
0 =ImS =-900 VAR S Delivered = +900 VAR S Absorbed

224 S, =P +;Q, =10+;0;S,=10Lcos"0.9=9+ j4.359

10x0.746
0.85x0.95
S, =S +8,+5,=27.78+j1.474=27.82 £3.04°

P, =Re(S;)=27.78kW
0, =Im(S,)=1.474kVAR
Sy =|S5|=27.82kvA

S, = —c0s'0.95=9.238/-18.19°=8.776 — j2.885

Sg=27.82 kVA
Qg = 1.474 KVAR
Pg=27.78 kW
225 S,=V, =RII"=I*R=(20)*3=1200+ 0
S, =V, I" =(jX,I" = jX,I* = j8(20)> =0 + j3200

=V.I" =(—jIX) " =—jX.I* =—j4(20)* =0 - j1600
Complex power absorbed by the total load S,,,, =S, +S, +S,. =2000,53.1°

Power Triangle:

2000 VA 1600 VAR

/)

1200 W

Complex power delivered by the source is
S, = V1" =(100£0°)(20£ - 53.1°) =200053.1°

SOURCE
The complex power delivered by the source is equal to the total complex power absorbed
by the load.

2.26 (a) The problem is modeled as shown in figure below:

jl0Q -
IR 1
: P, =120kW
.
=(.85Laggin
) G) oAy @@ ZfL— cos™'0 Sig— 3gl 79°
N L~ . - .

Power triangle for the load:

10
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0, =P tan(3 1 .79°)
=74.364kVAR

S, =P, +jQ, =141.18/31.79°kVA St
I=S8,/V=141,180/480=294.13A 31.79°
P, =120 kW

Real power loss in the line is zero.
Reactive power loss in the line is Q,,,, =1°X,,; = (294.13)2 1
=86.512kVAR
-8, =P, +jO, =120 +j(74.364 + 86.512) =200.7£53.28°kVA
The input voltage is given by V, =S, /1 =682.4V (rms)
The power factor at the input is cos53.28° =0.6 Lagging
(b) Applying KVL, V; =480 .£0°+ j1.0(294.13£-31.79°)
=635+ j250=682.4/21.5°V (rms)
(pf)s =c0s(21.5°+31.79°) = 0.6 Lagging

2.27 The circuit diagram is shown below:

+o

50 kW
0.8 PfLag.

\ |
/|
@

220£0°V

P, =50kW;cos™ 0.8 =36.87°;6,,, =36.87%0,, =P, tan(6,, )
=37.5kVAR
=8, =50,000+ 737,500

6,,, =cos™ 0.95=18.19%5, =50,000+ 750,000 tan(18.19°)
=50,000 + /16,430
Hence S, =S,,, —S,, =—/21,000VA
21,070

C=—"T——5=1155uF «
(377)(220)

11
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2.28 S, =15+ j6.667
S, =3(0.96)— j3[ sin(cos™ 0.96) | = 2.88 — j0.84

8, =15+ j0
Srors =S5, + 8, +5, =(32.88 + j5.827)kVA

(i) Let Z be the impedance of a series combination of R and X

*

o (Y v
Since S=VI" =V|—= | ==, it follows that
Z Z

_ oy 240)’
A (240) =(1.698 - j0.301) Q

S (32.88+5.827)10°
- Z=(1.698+ j0.301)Q <«

(ii)Let Z be the impedance of a parallel combination of R and X

Then R=ﬂ=1.7518§2
(32.88)103

(240’
(5.827)10°
- Z=(1.7518) j9.885) Q «

=9.885Q

2.29 Since complex powers satisfy KCL at each bus, it follows that
S, =(1+,1)=(1-1)-(0.4+02)=-04+ 1.8 «
S, =-8,=04+/18 «
Similarly, S,; =(0.5+0.5)—(1+ 1) = (-0.4+j0.2)=—0.1- j0.7 «
S, =—8;,=0.1-j0.7 «
AtBus3, S, =S, +8, =(0.4+,1.8)+(0.1-j0.7)=0.5+j1.1 «

2.30 (a) Forload 1: 6 =cos™'(0.28) ="73.74° Lagging

S, =125/73.74° =35+ j120
S, =10~ j40
S, =15+ ;0
Srory =S, +8, +8, =60+ j80=100,53.13°kVA = P + jQ

S Poor =060kW; 0,0 =80kVAR; KVA 1 =Sior =100kVA. «
Supply pf = cos(53.13°) =0.6 Lagging <«

Q* 3 s o
5 _100x10°£-5313° o

b) Lppy ==

®) ror =3 1000.£0°
At the new pf of 0.8 lagging, Pror of 60kW results in the new reactive power Q',
such that

12
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0' =cos™ (0.8) =36.87°

and Q' =60tan(36.87°) =45kVAR
.. The required capacitor’s kVAR is O, =80—-45=35kVAR «

y2 (1000)
It follows then X, =—= =—j28.57Q
S. j35000
10°

and =92.85uF <«

" 27(60)(28.57)

The new currentis /' = *S;_ = 60,000 — 45,000
v 1000£0°

The supply current, in magnitude, is reduced from 100A to 75A <«

=60— 745 =754-36.87°A

(%451 —90°j—%452 -90°

VL8, ~V,45, _

231 () Ty ==&

= == 4 v,
Complex power S, =V,I, =V, 26, [}1 Z90° -6, —}24900 - 52}

V2 Vv,
=—1290°——12290°+ 6, -6,
X X
.. The real and reactive power at the sending end are

2
B =V—lcos9O°— dié cos(90°+6, - 6,)
X X

12
vy, .
=%sm(51—52) «

2

0, :Vylsin90°— Vl)? sin(90°+ 65, - 5, )

=%[Vl -V, cos(51 -0, )} «—

Note: If V] leads V,, & =6, — &, is positive and the real power flows from node 1 to

node 2. If ¥, Lags ¥, , & is negative and power flows from node 2 to node 1.

(b) Maximum power transfer occurs when 6 =90°=6, -5, <«

VY.
Pyax = }(2

2.32 4 Mvar minimizes the real power line losses, while 4.5 Mvar minimizes the MV A power
flow into the feeder.

13
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2.33

Qcap MW Losses | Mvar Losses
0 0.42 0.84
0.5 0.4 0.8
1 0.383 0.766
1.5 0.369 0.738
2 0.357 0.714
2.5 0.348 0.696
3 0.341 0.682
3.5 0.337 0.675
4 0.336 0.672
4.5 0.337 0.675
5 0.341 0.682
5.5 0.348 0.696
6 0.357 0.714
6.5 0.369 0.738
7 0.383 0.766
7.5 0.4 0.801
8 0.42 0.84
8.5 0.442 0.885
9 0.467 0.934
9.5 0.495 0.99
10 0.525 1.05
2.34 7.5 Mvars
2.35 1 /Oigfo\ )
: R T
%(D 3 Ei s 0= éi 2 OF
& 0 2

(Admittance values are shown)

14
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(.3846 +.4950) + j(10~1.923 - 4.950) | ~(:4950 — j4.950) 7,
—(:4950 - j4.950) | (3846+.4950) + j(10-1.923-4.95) || 7,

1.9612£ —48.69°
1.961£—-78.69°

0.8796 + j3.127 | -0.4950+ j4.9501[ 7,7 [1.961£—48.69°
—0.4950+ j4.950 | ~0.8796 + /3.127 || 7, | | 1961/ —78.69°

2.36 Note that there are two buses plus the reference bus and one line for this problem. After
converting the voltage sources in Fig. 2.29 to current sources, the equivalent source

impedances are:
0.1+ 0.5)(-/0.1)
0.1+,0.5-,0.1

Zy =25, =(0.1+j0.5)//(—j0.1):(

(0.5099.278.69°)(0.1.£ —90°)
= =0.1237.£ -87.27°

0.4123.£75.96°
=0.005882 - ;0.1235Q

The rest is left as an exercise to the student.

2.37 After converting impedance values in Figure 2.30 to admittance values, the bus admittance

matrix is:

! -1 0 0 1

111 1 |

1 (14—t I | i

( 273 4 ]j (3 ]j (4]

Y, = 1 1 11 1

us 0 _ i -1 — .1+ ._+ ._ _ ._

(3]j (3’ 7y ’2j (’J
0 (L (.1 r .1 .1
4 ' 4774773

Writing nodal equations by inspection:

-l 0 0 Vo | [ 140°

1 (2.083-1) (-03333+,1) 025 Vo || O

0(-0.3333+1)(0.3333 - j025)  —j0.25 Vol | O

0 (-0.25) -j0.25  (0.25-,0.08333) || 7,, | |2430°
15
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2.38 The admittance diagram for the system is shown below:

V34 —/125
—
gl 152 §3 154 8525 50 0
7 Y, Y, Y, Y, 1 25-875 5.0 0
s T s v v o |7/
Y., ¥, Y, Y, 50 5.0 =225 125
Y, Y, Y, Y, 0 0 125 -12.5
where _11 =V Vi Vs Yzz =Y Ty +y23;}723 =V VTV

)_,44 :y34;}712 2}721 2_512;23 2}731 =V Y=Yy =",

43 = T34
239 (a)
AT sY, o T 7] [0
¥, EeT+r ¥ |7 _|%=0
7, SRR AR A N A
-Y, -Y, 0 Y, +Y +Y, |V, 1,
-145 8 4 2517
8 —-17 4 5 ||/,
(b) j 2 R
4 4 -88 0 ||| |1£-90
25 5 0 -83||7,| [0.62£-135°
7BUS V=I, YB_JS YBU Bl}
16
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0.7187 0.6688 0.6307 0.6194

where T -2 0.6688 0.7045 0.6242 0.6258
0.6307 0.7045 0.6840 0.5660

0.6194 0.6258 0.5660 0.6840

~il

where V=
1£-90°

0.62£-135°

NEUSESSES
o
=3
a
~
Il

Then solve for V,, V,, V,

)

=

o,
o~

240 (a) I7AN = EZOO =138.56£0°V (Assumed as Reference)

NE)
Vs =240230°V;V,. =240/ -90°V;1,=15£-90°A
=z Vi 138.5620°

Y

=9.24/90° = (0 + j9.24) Q

I, 15£-90°
T TA o 15 o o o
(b) 1AB=$430 =E4—90 +30°=8.66£ - 60°A
Z, L 202307 27.71£90°=(0+ j27.71) Q
I, 8.66£-60°

AB

Note: Z, =7, /3

241 S, =31, 1, Zcos™ (pf)
/3 (480)(20) Zcos™ 0.8
=16.627x10° £36.87°
=(13.3x10%)+,j(9.976 x10%)

S§=16.63 kVA 0=9.976 kVAR

— P=133kW
P, =ReS;, =13.3kW Delivered

0,,=1,5,,=9.976kVAR  Delivered

2.42 (a) With 7, as reference

Pl

+

an \/g

i O 7
74 _%4_300 > TA=4+‘]3=543687OQ

n

7 :120.14—30

= =24.02/-66.87°A
(£/3) 5236.87°

17

© 2017 Cengage Learning®. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



8, =3V, T =3(120.1£-30°)(24.02£ + 66.87°)

=8654./36.87°=6923 + j5192
P, =6923W; 0,, =5192VAR; both absorbed by the load

pf = cos(36.87°) =0.8 Lagging; S, = |§3¢| =8654VA
(b)

480 —
ab 1 b

Y %)
/ L4.U4L \<

Vb('

V,=20820°V I =24.02/-66.87°A  13.87£-36.87°A

2.43 (a) Transforming the A-connected load into an equivalent Y, the impedance per phase of
the equivalent Y is

With the phase voltage V, = % =120V taken as a reference, the per-phase equivalent
circuit is shown below:

~I|
(S}
)
~.
N
e)

L L
30Q 30Q
V) =120£0°

a0 /‘\
— O

Total impedance viewed from the input terminals is

15 Q

_ _ (30+40)(20- j15) , .

Z=2+j4+ - ——=2+j4+22—-j4=24Q
(30+/40)+(20— /15)

~120£0°

24

I=

SN

=5/0°A

The three-phase complex power supplied = S = 3171 T*=1800W

P=1800W and Q =0VAR delivered by the sending-end source

18
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(b) Phase voltage at load terminals ¥, =120£0°—(2+ j4)(5£0°)
=110—,20=111.8£-10.3°V
The line voltage magnitude at the load terminal is

(Viowo ), , =\3111.8=193.64V

(c) The current per phase in the Y-connected load and in the equiv.Y of the A-load:

I, ==2=1-;2=2236/-634°A

~I
Sils Nl

=4+ j2=4.472 £26.56° A

2

The phase current magnitude in the original A-connected load
(1), = =22
ph ) A \/g \/5
(d) The three-phase complex power absorbed by each load is
S, =3V,I =430 W+ j600 VAR
S, =3V,I; =1200 W- j900 VAR

=2.582A

*
1
T

12

The three-phase complex power absorbed by the line is
S, =3(R, +jX,)I* =3(2+j4)(5)* =150 W+ j300 VAR
The sum of load powers and line losses is equal to the power delivered from the supply:
S, +8, +8, =(450+ j600) + (1200 - j900)+ (150 + j300)
=1800 W+ jOVAR

2.44 (a) The per-phase equivalent circuit for the problem is shown below:

T 04Q J27Q
+o 000
" I L
Vi V,=2200£0° [LOAD 1| [LOAD 2|
-0 o
2200~/3

Phase voltage at the load terminals is V, = =2200V taken as Ref.

V3

Total complex power at the load end or receiving end is

(sg) = 560.1(0.707 + j0.707) + 132 = 528 + j396 = 660.£36.87°kVA

SR

19
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With phase voltage 172 as reference,

- S - °
7 Sie) _ 660,000£-36.87° o eno s
3, 3(2200£0°)

Phase voltage at sending end is given by
V, =220020°+(0.4+ j2.7)(100£ —36.87°) =2401.7.£4.58°V
The magnitude of the line to line voltage at the sending end of the line is
(), =3V, =+/3(2401.7) = 4160V
(b) The three-phase complex-power loss in the line is given by
S, 5y =3RI> + j3x1* =3(0.4)(100% ) + 3(2.7)(100)°
=12kW+ j81kVAR

(39)

(c) The three-phase sending power is

Sy =31 =3(2401.7.£4.58°)(100£36.87°)
=540kW+ j477kVAR
Note that Ss(3¢) = SR(3¢) + SL(3¢)
245 (a)
25.001 kVA
03=0,+0
A 0, =7.5kVAR P,=15kW 28.235 ll:\—/Ali
P =10kW Pg=P, +P,=25kW
0, =-7.265
k\z/AR

Sy 25.001x10°

B, B (as0)

(b) The ammeter reads zero, because in a balanced three-phase system, there is no neutral
current.

=30.07A

2.46 (a) Zne

(0.8 +0.6) Q +

Van: %ZOO — (»D ‘_/AN

A =10 £30° Q

o
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Z./3
“ (%A /3) + éLlNE

Using voltage division: 7, =

208 10£30°

===

3 10£30°+(0.8+0.6)

(120.09)(10£30°)  1200.9./30°
9.46 + /5.6 10.99.£30.62°

=109.3£-0.62°V

Load voltage = ¥, =+/3 (109.3) =189.3V Line-to-Line

(b) ST
(0.8 +0.6) Q +
"
7= 208y () Vav L1030 —— oq
dGit \/3 \/ ~ ~
~—
—Z—eq =10 £30° ||(—j20)
=11.547 £0°Q
77,
AN = an =3
iLeq +%LINE

(208/\/5) 11.547

(11.547+ 0.8+ 0.6)

13867
12.362./2.78°

=1122/2-278°V

Load voltage Line-to-Line V, = NE) (1 12.2) =1943V
247

- 15x10°
@la=F (460)(0.8)

Z—cos" 0.8=23.53/-36.87°A

— = - 4
=Vor=Ziwe 1 _ﬁl

INE1 ©G1 — \/g

=216.924~-2.73°V Line to Neutral
Load Voltage V, = 3 216.9=375.7V Line to line

v,

0°—(1.4+,1.6)(23.53£-36.87°)
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- 30x10° .
b) 1, = £—2.73°~cos10.8=57.63£-39.6°A
V3(375.7)(0.8)
I,=1,—1,=57.63/-39.6°-23.53/-36.87°
=34.14/-41.49°A
Ver =V, +Z iy 16, =216.9£—-2.73°+(0.8+ j1)(34.14£ - 41.49°)
=259.7/-0.63°V

Generator 2 line-to-line voltage V, = V3 (259.7)
=449.8V

(€) S, =3V, I, =3(259.7£-0.63°)(34.14241.49°)

2 ¢
=20.12x10° + j17.4x10°
P,, =20.12kW; O, =17.4kVAR; Both delivered

248 (a)

0,=01+0

S, =25kVA 0, =20 kVAR
S, =26.93 kVA
= 14 kVAR

31.32°
P, =P +P,=23kW

53.13° Py=8kW

P =15kW 36.8°

8,=10 ka 0, =-6 kVAR

(b) pf=co0s31.32°=0.854 Lagging
3
(0) I, =—oe_ - 2693x107_ 5, 390
J3¥, 3(480)
(d) 0. =0, =14x10° VAR =3(¥,, )’ / X,
_3(480)°
~ 7 14x108
() I.=V, /X, =480/4937=9.72A

=4937Q

3
Iy = =210 66
J3v, 3480
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2.49 (a) Let %, =%, =%, =% for a balanced Y-load

Z Y2+:Y2+ZY2:3%
A %Y Y
and
. B A
" Z+A 42 3
_ i10)(—;2
o7, = LOE) 50
Jj10+ 20— ;25
_Z_B:(JIL(SJZO):]'MQ;{LC:w:—jIOOQ
J J

2.50 Replace delta by the equivalent WYE: Z, =—j % Q

Per-phase equivalent circuit is shown below:

000
j0.1Q

+ +
= ) —— 2
100£0° <~> Vi %11.09 g —]§Q

Noting that ( jl .OH— j %j =—j2, by voltage-divider law,

__ )2
—j2+ 0.1

I

(100£0°) =105£0°

Lot = 105+/2 cos (0t +0°)=148.5coswtV «

In order to find i,(¢) in the original circuit, let us calculate I7A, »

Vi =V =V =377, =173.2/30°

Then

7, =1132230°_¢6 6 /1200

A'B' _j2
i, (£) =86.62 cos(wt +120°)

=122.5 cos(a)t + 120°)A <«

23

© 2017 Cengage Learning®. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



2.51 On a per-phase basis §1 =%(150+j120):(50+j40)kVA

— (50-40)10° ,
ol =——————=(25-/20)A
000 (57720)

Note: PF Lagging

Load 2: Convert A into an equivalent Y
Z5y =%(150—j48):(50—j16)§2
- 2000£0°
A=
50-j16
=(36.29+11.61)A
Note: PF Leading

=38.1/£17.74°

S, per phase = %[(120 x0.6)— j120sin(cos™ 0.6)] =(24-/32)kVA

g _(24+)32)10

. —(12+j16)A
: 2000 (12+16)

Note:PF Leading

Total current drawn by the three parallel loads TT = 71 + 72 + 73

Lo =(73.29+ j7.61)A
Note:PF Leading

Voltage at the sending end: I7AN =2000£0°+ (73.29 +j7.61)(0.2 +j1.0)
=2007.05+ j74.81=2008.44£2.13°V

Line-to-line voltage magnitude at the sending end = \/5(2008.44)= 3478.62V <«

2.52 (a) Let V,, be the reference: V,, =%40° =2400£0°V
Total impedance per phase % = (4.7 + j9) + (0.3 +j1) = (5 +j10) Q
.. Line Current = M =214.7/-634°A=1, «
+j10
With positive A-B-C phase sequence,

1,=2147/-183.4°A;1,=214.7/-303.4°=214.7/56.6°A <«
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®) (7)), =2400£0°~[(214.7£-63.4°)(0.3 + j1)]
— 2400.£0°~224.15./9.9° =2179.2 — j38.54
=2179.5/-1.01°V «

(Vo ), =2179.52=121.01°V; (Vo ), . = 2179.52 = 241.01°V"

L0OAD

LOAD

(c) S/Phase=(V,y),1,=(2179.5)(214.7) =467.94kVA <«

LOAD " A4

Total apparent power dissipated in all three phases in the load

[8,,],,,, =3(467.94)=1403.82kVA

Active power dissipated per phase in load = (P1 4 )L oid

=(2179.5)(214.7) cos (62.39°) =216 .87kW <«
~[Py],,,, =3(216.87)=650.61kW «

Reactive power dissipated per phase in load = (Q1¢ ) Loap

=(2179.5)(214.7)sin(62.39°) = 414.65kVAR <
210y, =3(414.65)=1243.95kVAR <

. 2
(d) Line losses per phase (P1¢ )LOSS =(214.7)°0.3=13.83kW «

Total line loss (P —13.83x3=41.49kW <«

3¢ )LOSS
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