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9.1 Determine the equations for the current and the
instantaneous power in the network in Fig. P9.1. €S

[ e
o AN/
40
.12[/EV<1'>\/S “- ngQ
Figm'e P9.1
SOLUTION:
T= 12/7° [T= z4[%m1°A
41753 ‘
1) = 24 coa (b +38.0°) A
fﬁﬁ; NAZACWED) Vs (€)= |2 toe (tE+75°) V

>?9H)3 Z 8.8 [Ce& (wt +38.0%) e (204 +75°)]

} FL—H: 144 Cee (2w15+ 113.0°) + .5 W
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9.2

Determine the equations for the voltage and the
instantaneous power in the network in Fig. P9.2.

N
MB_S:ZCDV

1B

Figure P9.2
'SOLUTION:
V= 4lse (4+33) = zo L7V V=20 [665°v
' Vi) =20 coe lewt +4€.9)V

Ts BV = dem (wtesee) A

TLH s /”s )UE) = 86 (on (wi“i'SO“Bch, (Q'L‘f"/‘éé.?o\) W

’P“) = 40 ¢or (2wt +9¢.9°) + 32.0 ﬂ
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‘9.3 The voltage and current at the input of a circuit are given
by the expressions |

() = 170 cos(wr + 30°) V
i(r) = 5cos(wr + 45°) A

Determine the average power absorbed by the circuit.

SOLUTION:
2. 2.

l P - 4‘\\"\MJ
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9.4 The voltage and current at the input of a network are
given by the expressions

v(t) = 6coswt V
i(t) = 4sin wrf A

Determine the average power absorbed by the network.

SOLUTION:

T= VT con (e -8
z

VY= 4 e wt -96% = ©;=-9°

[ P= ow
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9.5 Find the average power &bsorbed by the resistor in the cir-
cuit shown in Fig. P9.5 if v,(7) = 10 cos (377t + 60°) V
and v,(1) = 20 cos (377t + 120°) V.-

<
]
e
b
e’

C

4+

v1(0) Ci) u,zc% 10

Jo—

Figure P9.5

SOLUTION: |
Vit lo [e®V V2= 26 [120°V
Ve= Vi-Va = 173 /=37 v

PF_': _\_/_Z@_;zj \Pt \S’D\Mw\
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8.6 Find the average power absorbed by the resistor in the cir-
cuit shown in Fig. P9.6. Let i,(7) = 4 cos(377: + 60°) A,
i,(1) = 6cos(754¢ + 10°) A, and i5(z) =

4 cos (377t — 30°) A. |

Ly
(Dil(f) (’D i (1) (D i) 3100
| Figure PQ;S ) )
SOLUTION:

Tm T4 v Ty = 4 /60" + 6 [ 10° +4)5° = jl.e4/12.4" A




9,7 Compute the average power absorbed by each of the
elements to the right of the dashed line in the circuit
shown in Fig. P9.7. ‘

10 1o
AN N

- T=-j1Q

10_/_Q3v<i>

» f
\

Figure P9.7

SoLUTION

The iwdwckoe % Cm@éu{“\'zrv ComBomt  mers
audt’w’x/ FM As '?uv- '<H\‘- r“es'\'}*‘\'u-(l

- 2

C o=l

e” % K
And, T = ._Lf.’,l:_c'b':_wc 1o [©°A

1 +3L =)\

2
Pg=~ (lo) (D= Sow
=2

rpl = £
?L-:' O
P = oW
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8.8 Determine the average power supplied by each source in
the network shown in Fig. P9.§. €8
G @ O
+
—j2 0 =< + C‘thﬁ_)jA %2@ v
-3 _,
. ﬁ) s s 5
Figure P9.8 2
P8

SOLUTION:

. l + -2-:-:\ Z.'Zx
T, z\v Z+2,
2

m‘ﬁg 44@ pemstue  pact o

=

= Tn"p. P
z 5 ' ya

2y = 2'1154’-‘{23 - Loa J77.5°
-

= 08539 4jo0.t92a = Z%*J Meg

Z Lo SUmeas ANAIagR P uen—,

(6.537) P= 4w S
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9.9 Find the average power absorbed by the network shown
in Fig. P9.9.

Y

<-J4 O

Figure P9.9
SOLUTION: |
T = 4 [¢0° [%“]: z. 81 J1s° A
V=2T, = 5.4 /IS V
Pe Vel [ Peosw

2.
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9.10 Given the network in Fig. P9.10, find the power supplied
and the average power absorbed by each element. PSV

-+
Fs

4[30°A<T> Vo
o %jgg =10
&
Figure P9.10
SOLUTION:
Let Zl"' 4"1'\)'3-&’ ard T2 = 2 rj\fL 4‘ ZT.—: Z\2e = !.’)S‘—jo.z,gﬂ
Z1+2s
VT"— 4[.__.5’_‘).‘ ’Z—r = 77 07 21.9° Vv
4(7.07)
47* H.a Sawre ° FSLH - z [m (20t + ¢8.13°) + Cez 8. ,3"]

PsCO = |4 14 too (2wt +5.9°) + |4 o W

Ti=Vv /2, = 1al 37k Ty=Upy, = 300 /45804

Z
2, 2.
?Rl- = &;\ B = 4, 0w P?Z: I_:E_.-'." RL> [O \/\l
A z
Pe= doW  Poo
2
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9.11 Given the network in Fig. P9.11. determine which
celements are supplying power, which ones are absorbing
power, and how much power is being supplied and

absorbed.
20 10
¢ AR SRS
4 Ro
- 6/0°V Cj) /,;‘: /= —j2 0 Cé (f) 12/0°V
VSK * VSZ
: " \
- Figure P9.11
SOLUTION:
b= -y (‘2»-'3“23 12T, { “12 = jz“::t AT (gﬂ.y\
z-il oy [t\]“ (0] - T, = Z.SS’”{)&IDA;
12 )| T, = 3.\e [-lel® K
Pe,. = E}; B o= LSW  chssrbadl P =
2
P'f?»z,*:: E%ﬁ; KZ, =~ low absocbed ’T“"(, =S
s
5 = waz_mfw con (o ~67) = LW sl

30, Vs &ng_}f Ldew (ng st:i”{' howw achia S g wam,ﬂ

?52 = Vszg\«j:zm Co (@Vw’NGID =-17.90 W
s ,

39_) VS‘& ML‘U% 1790w (ij FL, %m,u(_ ?&9’7% 375”"743"0“}"‘)




Chapter Nine: Steady-State Power Analysis

supplied by the sources is equal to the power absorbed
by the passive elements.

o I s
i\
2/0° A @ X 240 (i’) 6,/45°V
:’El 2
L
 Figure P9.12
SOLUTION:
'j:\ = 2 ZI..BQ A

BN B A e
- + 3l b/ 45s

T,= 1. »7 [262:8° A Ve 4 (xT,-T,)=7.32/4L¢° v

IS Sue@({%} ’Pj:s:: I;(\AVM m(ev—-e-:rs\ ::3 ?IS-: S'.(LQW
.

\/g a“lﬂsc‘a/h?s PVS-"—‘- \ISM:EZM wztb-vs“e‘r_z) =% ’P\IS:‘ ‘!"Z“"w
v , z

20, s éic,h(dzﬂa didiuses 24w

AL é?OW PL:‘Po:Ov:)

Pow"-r" $U"’9Pl‘f-*& = S5.4L+ |2¢ 7:.471”,\] } d :
QA h L.
Power ok solesd = P = 670w
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9.13 Calculate the average power absorbed by the 1-()
resistor in the network shown in Fig. P9.13.

j20 510
Py i
1 IT

7 2!
™, T,
.
Figure P9.13
SOLUTION:
Lle =T, (2+je) —2%, A B Iz,(3“"'fﬂ"”c>
[L+JL - 1[‘3\]: [b] = To-zaz [-45°A
-z 3L R 6

) z
\‘_n_‘: IZ—M (..'EX ‘l 'Pfﬂ-: Z.T8W
RN 2

al
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9.14 Given the network in Fig. P9.14, find the average power
supplied to the circuit. ©%

Figure P9.14

=3 \
o 4 AV ‘. e
| 20 j1Q
,%) |
a0V (1) vy
== —j2Q
.

SOLUTION:

L-ﬁ,’[: Z = Q‘J'Z’—’L '{ e g ouwrce J‘YMCAYM?;N

BT Ve = T (242 +3\)

s T = 8/[-53.°A

2
szz ]Ei’tt lZL: Q‘{W

PS“PP“?’”(‘ ) e_.‘"rw,../:('“ = Pg\"t'?\zz = 4bh
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8.15 Given vs5(r) = 100 cos 100 volts, find the average
power supplied by the source and the current i,(7) in the
network in Fig. P9.15.

10 () iz(f)
VAR T % .
R, 50 mH
vs(t) i) 150 3 =< 1mF
L
Figure P9.15
SOLUTION:
T2, . .
— AW = . 2.7 1% 2oz -jleq
\
‘°°E§V§ BV == Z¢ Let 2x =8, 2 = 232
T % - ] Rotde 3 -3
V= log/o Zx  m y= SL.Yf [-48.8"y

€t 2 +2x

—

I, =V« /,Z(_' = 5S4 [412°) ) 1,02 54 cea_(ln(:-f-‘/hz")/(&

Lt gy:;. T+ 24 2% = 14.7 [-21.49° XL
Ty= Vs /2y = (v 1492 g |
PV;" \-vsmrm m(e“’i.ﬁ’) / P\'s,’_ 33(""%

2
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9.16 If i (r) = 0.5c0s2000¢ A, find the average power

absorbed by each element in the circuit in Fig. P9.16.

=
@ AN
40 Q)
>
3 % 120 Q)
. ~ "
io(1) @) | 3 60 mH
€ b
T~ 12.5 uF
_ &
Figure P9.16
 SOLUTION: (2

2, = jsz::q\., Ze = -—j‘-fQJL

: 2‘-— Lx’/t 2‘ = R( b e = 1'2,0—;4'0._.“‘

:L‘ZL:‘ K‘L*él,_“?-' 4‘0 “'f'J"'bO.f\.-

%3 = %l %?//@‘ 'FLL) = 30 'fJ”f‘Oﬂ

V= 44,7 [2ZL k" V

1"(=\//%‘ = D, 35¢ [ﬁi’f_ A J‘jas\//z—l,-: 0.35¢ /-4¢° A

2 - ,
i
Py = Thim R, = 7.5wW ?fax Ton ., = Z.5W
2 2. ¢
VXS:—I}MVM cen (0-20L0") =-je.0 W
Z
PL%P = OW
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9.17 Calculate the average power absorbed by the 1-Q
‘resistor in the network shown in Fig. P9.17.

12@v<ﬁ>

Figure P9.17

"SOLUTION:
Vitlz 4y Vi, Ve Lo s> Vs 3-j4V o= G970V
JL 2 ‘M_-)g
VZ = \{..L._S_‘-) = 3U°v
-3
P iy P o= Y
o = Vom in = SwW
2R A
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9.18 Find the average power supplied and/or absorbed by
each element in Fig. P9.18&.

£ e,
) ¢ AN ' 4 ANA
10 20
T + Vg
" s
o :%* M » . + o
1/30 A(?) (] v WARY ﬂ = —/1 ,g‘_gfl (‘“‘) 2/0°V
. I %
" t, x,
= =
Figure P9.18
SOLUTION:‘
j:t'=fl.3_2¢/~\ “jl.l"l +.1:L(0 +J)J’:3:0 j}IL’*ri (Z-JP}\""ZI.QE

L

! 6 o e 1[30° Ty= | o [30° A
50 y Ty | = o D Te= 1.3 Jue® A
o jl 2= £ ~-2/0" T = 0.392 /y94° A

%
PL:: Pamc P?_‘ = Iz-g\ fR‘ = O.490w ?« = %:lta ﬁ?_- 2 O,15%n
pa z
M=l F-5) 2 Vi= 153 [ove v
?I-‘ = vlm :ISM Cer (CoO.‘l-"}O) = 0,660 W Swv 3
s T p el
?\,s = - Yg@____f?ﬁ tee (0~ /7560) = 0. 3494W SUI’M

2

[? otn SW P })W ‘—45’0*’[9(,‘,(




756 lrwin, Basic Engineering Circuit Analysis, 8/E

9.19 Determine the average power absorbed by the 4-{) in the
network shown in Fig. P9.19. PS8V

] vz.
AN ¢ }{ N
20 —j4 Q
| (j) 12/0°V  §j20 (D 2/0° A
(-
et i
Figure P9.19 =

SOLUTION:

vV, -iz2/e . ¥..‘. + v,:«v-g, =0 5 VY (z—»:)\\—J"W,:z:L |

s It

__.'g{,

J

ST ‘l[v‘] __‘[a:{-] Va = 568 [[ezt" V

SV Vo -8

P‘{IL = Vou [ Pq,_a_: 9.4z W
2L
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9.20 Given the network in Fig. P9.20, find the total average
power supplied and the average power absorbed in the
4-€) resistor.

e

. j’—S' ’
el &

Figure P9.20

SOLUTION:
VoVa o v -V G let Vi CLe) =V = Vg = g,
2 . »J'L
Ve -\ o V2-V3 | V= O = T2V +Vy (3"32’\U2\/3"‘ o
=z iz ™
V3- \/‘ + V’}“’VL_’_ _\{_3_ =0 = -'Ul ‘}'V—;_ }ZVZ =

il -1 -\ v Iz Vi 6.7 Z—‘§4.4v
Vo= 9.9z )-36.0°v

. PT - 'wm o (<51 0) = ’Fxs = 26‘1.2'\/\/[




758 Irwin, Basic Engineering Circuit Analysis, 8/E

9.21 Determine the average power supplied to the network in
Fig. P9.21.

ALY 10
AL g&%ﬁ

16
Figure P9.21

SOLUTION:
V(B 451) = J2Vy vV (-Hj\\:c

V._—-———.\" Ve y Vi-V3 1+ YL-0 ®
=)\ I+3\ )

VazVy o VaV3 ) 0 =yZNV 4+ V(142 ~V3=2/¢

“\ >

Vl.L»VB:[L_O = VL“S\I3=(L9

3430 -j2 <L+ [ o ‘
SL I - Vo | 2| = = Vz= |o\[(Z117° v
\ o - V3 ‘

= T Vem (po (~40-¥-0) T’PII: 49 mwW
Z . J

12
Ts
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9.22 Find the average power absorbed by the 2-() resistor in
the circuit shown in Fig. P9.22.

v I, 20 v
| A Sy o Z
2 Q% —/30 == Cﬁ)‘;zgj@iv
* =
Figure P9.22 N
'SOLUTION:
Iy+2L = V1 Ty=Va-Vi 5 VW (3Fj1)-3Va=o
z iz

Vo =12L9° s V= Ly gyl y

2.
P2 Vim Y = 32.8 W

Zru e Py S

22 ~
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9.23 Determine the average power absorbed by a 2-{} resistor

connected at the output terminals of the network shown
in Fig. P9.23.

I 20 j1o

VW el e

T~ “j2 Q

L
O

Figure P9.23

SOLUTION:

lz= T, (2z-j2)+2L + 2T, = /o= L (42) +j2m,

ZIfx’ = _)z—r;g + T, (2 -:)1) =2 o = I_; (‘2 -er\ + 1, (Zj’l)
‘l—-jl JL ][Tx]: 2 To=3.\5 [-23.2° A
_Z*{L 2"3\ T@ & .

p

} ?IZL?‘ C}QZV\J

=
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8.24 Determine the average power absorbed by the 2-k()
“output resistor in Fig. P9.24.

1kQ
AW
Yzl
vg(t) = 2 cos wtV
&
- Figure P9.24
SOLUTION:

Vo U1 | - B _3 Ve V= 4 Cor. (WE) = 4ron (Wt +le0°)V
s (4) 28

Vo, = 4 180" V P?L= Vo; ]T?R‘L: 4‘”"“1 :
ZK‘_ '
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9.25 Determine the average power absorbed by the 4-k{)
resistor in Fig. P9.25.

T e,

L VWi

vg(f) = 2 cos wl V 2 kQ
\ S
2, % 1 k()

| _

Figure P9.25 ]
SOLUTION:

VS“: Z/_’-’,e\/ ‘Voav.&'(l* Ei/?_'\u (‘,I__Q‘QV
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9.26 Determine the impedance Z; for maximum average
power transfer and the value of the maximum power
transferred to Z, for the circuit shown in Fig. P9.26.

jia

Py Sy

210 Z;

i

Figure P9.26
'SOLUTION:
— g,
3 Lo

m,? =y L\
e, )

% m»?c‘ TMQ{' "‘Y_MQ(‘) 'ZL';: gv-r“ = !—wj\

\ﬂ» )ZL | X 6/l | 3)0°
QZ_&\/ 'JLQ‘ Z.
T ;

¥

3
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9.27 Determine the impedance Z; for mammum average
power transfer and the value of the maximum

average power transferred to Z, for the circuit shown in
Fig. P9.27. €%

—j1a

40 @ J1Q
. ‘ 2 |
v, T, (D 4/0° A Z
‘.
Figure P9.27 |
SOLUTION: 2, :,zb @ 2z
'ﬂ“@\r(m:»\ # < Ty
Voa

Spepe s dion” Vo = Vg + Ts (Rir2d) = Voer 145/741° v
i = BT B e = 5L

”'31, s Pw_w,j ro:/s’.&w , s»o/i-v A,

—
ML,.:W '

‘?Lr —Zrul? SN

T=Voo . _ 1.45[7.41° 4 PL= L o' B,

2yt L

1 PL_T"' S.26W
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9.28 Determine the impedance Z; for maximum average
power transfer and the value of the maximum |
average power absorbed by the load in the network
shown in Fig. P9.28.

jpa 8LV

® A : @ =
Vs
} =-ji20 |Z;
=3 ‘
- @
Figure P9.28

SOLUTION: Theyen. ' 2% °
: O

Z v
L :‘T‘ES %TH n(R‘ +%L)2~¢,
+ @“%m ) K-(‘f:ZL ""ZL,
.I:S ’B‘ ’ZC..—\_ Voc

- "_ZTH = 2 ...)2._}1‘

SUnarpos 1O

Ve = Is 12\ e - Vg ¢ = 4—.!0(""'3.1‘5 V4

1CEY ’t’%\_'\-?‘(, R\‘\' (s ¢

“T/—pf Mok Powar —fraufv} ZLw%Tw&Q= 22N

[
Voe tjj—;;; } 2L = z+jz,.rz,]

Fo-Li olR TV  _ Jo03/-3°A

, ZThT2L
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9.29 Determine the impedance Z; for maximum average power
L
transfer and the value of the maximum average power
absorbed by the load in the network shown in Fig. P9.29.

6/0°V
—j10
- $
P | | o
S10 Z; s10

Figure P9.29

SOLUTION:  Theveniw €.
oL

Vi= Lo [:Q.L]-,- “l,,[_ﬁ"\/

J&-50
tig? s
P VL vzzém[Jﬂ . 3 le°
oy
VD(,‘:‘ \jr‘\/z'::»"’a’/_fa‘:: qm’v
L Voo ~in
T redrae 3 m Zrw= 231 . 10)
jer L fal
Zy = Sia 2n
PV ~ETH = »-Zl —j Zon
K—?
m Po=Tmg  T= Voc G [ g0 °A
2 't "277.,*21“‘”
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8.30 Repeat Problem 9.29 for the network in Fig. P9.30.
6/0°V

=-jita |z $10

2
-_-_V V";-V ""\
[ an] v
l"J\

Voo 2 Vi-Vo = 190 [184° V

Em
\Q(_qg Az ET:.[

T= Voc Lob /] 18.4° A
Lrie T
(=]
2 ; 2
Zm“; (o T')\ﬂ' PLZ T Ko
o Z
Z1v e E,Q_L s =50 PL,: 0-So W
Z+j) L7 ‘
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9.31 Determine the impedance Z,; for maximum average
- power transfer and the value of the maximum
‘average power transferred to Z; for the circuit shown

Zi= 1 G0 /03) = /O n
2 V[ 293/ ez

21 0.%~d' 0-2 L

in Fig. P9.31. PSV
=1 Q
I
A
10 10
gﬁ Q 4/0°v  |Z;
‘Figure P9.31
Sl V) :\'loc {_ﬁ{ + Yk oo
| — ( g
v, o Vi = 4"‘"%‘)%6
1<z o + '
. Vej— R Vi —Nee Voc- ¥
3 4/ov -j \
- —:)&\/l-}—\h, (.H—g\\’:—(\—
ZM o\ .
T—’\J\ \ésd& Voc = Z_%+Jo.%v
J'ln,% :'t;z, 1L <= Zny Z, =2 = o4 vz
o |
l%; ?L a é T ® [?L

I = Vec /(%TH’J:,A: 3 1l A
(= 2]
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8.32 In the network in Fig. P9.32, find Z, for maximum
average power transfer and the maximum average power

transferred. ©&

ANy
10
12:/300v<j> | e
S Y )
T o | L1
2/0° ACD 2, 210
I\

Figure P9.32

SOLUTION: = Thevenin ¢,
(3
Vg = Ti(1-j1n - {15, = 12507

. T, - T, =23

TZ=ZE°

3,},&&5 = 13.1/372¢%4

Noc = I, (-0 + T, (0 = 13,) [=524°V

T=Jee . . 3.28[-524%

2w ey
& Gy Vo (£) 3 T2
N

Zy= K\"‘“%L" )'U'Lﬁ‘

%m:ﬁz*%cﬁﬂc Zj”L : .|
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9.33 Repeat Problem 9.32 for the network in Fig. P9.33.

€,

~ & A

j1Q 1 } ;)
| zZ /10

'121Q?V<i> Ve T‘G’) A

. Zrj

j1o

S

' | . 121 ) ZL’L

Figure P9.33 |

SOLUTION: ‘,

Vg = 2., Ty +Voe + BT

LVC,C-:‘ 12 Lo - 31 (428) ~ (4 /0
Voc = §-5% V

let 2, Fl+2,s lrjloL

L= 2o+ = 42

-4 _ dga =447 /-2ee A
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9.34 Repeat Problem 9.32 for the network in Fig. P934, CS

T Ly
' Q R
¢ AN ® —/ VWV ®
20 1Q
2/0°A ? T, 2, = —j20Q (j) 6/0°V
v§ ,
w
Figure P9.34
SOLUTION:
:‘}T\* - 6°
- V&cﬁ Tz A ,
i Ny JET AT, (1-)2) = - fe®
4
IPE TP Tes et cedogra
' Vo= I , = a7
A%ﬂ 0 L P A o jrezv
. T = Rjj-\“ (,Y—Z_%C.) - Z.8 -—J’o»&ﬂ.
Re B, v
? %' o X Lé :
L= T \ L= 7.8 TJQ'“('MQT\
Te
T = Voo = 0.972 { “3¢.0° A
’Z’T’Hﬁr%‘”

P L TntR rﬁ,: \’-32,\*\;—(
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9.35 Repeat Problem 9.32 for the network in Fig. P9.35.

W
e
— A # Z; “
20
2, T—jea (I)slcv
- Ve
i
~ Figure P9.35
SOLUTION:

Vo = Vi, =Vs = V, —¢ /o7

Q) F ET“ = ®o Use SJ‘(/&r Fch')n'a-w -h; Fﬂui \/\
T ; "y - 2 |
> VTTQ:&PVOO VS Vl:VS{ t - X P 2

- Btotee) g+ lbpt2e

£y Fa Viz ~0.4+j0dV

Voo = =¢.d+j2.8V

v )
Zc ‘ | ;%TH=Z¢(R(+@—A/[%W2+Z<:]

\
‘2_“' 4}_.__:]‘7 :?‘THﬁO.X--J}.L,J"L
V«f% ar [:z'f, L?L:%m*a O.8+}\\.LJL\
, T= Voc :’41012l73°/]

2 Y7L
L= 5 Tm ke l?‘“—.« (. Sow
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9.36 Repeat Problem 9.32 for the network in Fig. P9.36.
| =3 | 2
¢ A — " —s
2 Sl LK (j) 12/0°V  |Z;
S :
. o
Figure P9.36
SOLUTION:

Tr-jn '—IL = ~12./0
“T+ 5 (ztjn =0
U 2e 4| T 5
e Tz= -48- j2NA
EJJT %Za %a_“érz'z—m Voo = Ty (1) +Vg = Johtf = AV

- &s‘wjo.{'" 'ETH:ZL,['E-I—*%;] - 0-b -i-jo.&ﬁ_.
EZT%C ’ZL_\‘PRs’t‘%\

:Z«n-( M -
1 Pe= 2 = 0L-jo8L
Vogﬂgt Np [Zed T - ﬁ

- T = Nec - 2. [-184° A
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9.37 Determine the impedance Z,; for maximum average
| power transfer and the value of the maximum average
power absorbed by the load in the network shown
in Fig. P9.37. ¢©s§

¢ 12/0°V |
! ’ lzg
AR ® f:_\ —— AW

\\73/’ + 10
Z %ﬁj? 0O Vv Iz
Ll% X L
¢ &
Figure P9.37
SOLUTION:
M~ T ;VS'Wfi-—q V‘ = 2 Vg Vx = \}3 :VGC.

C’ Yi=2Vee

V3-Vo = Vs =12.[0

1 o -2 Vi O
o -l ) Vot iz
- = Vs o

Ve =T (1450 =) » T =1,

Vg = Tp 4 Tz (30 =T (1) = 12./0°
2.

T, =24)2°A  Tsc=12/0°A

Zrigs Voo fose
ZrH = ) fj\ﬂ__ (%L-. %ﬂ.\¥= \—j\fl,—\
T = Vee /L 2mird)= 2.49 [d4s°A

Pl/k-:' %fp\l KL. l ?L,: ?B\I\S&
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9.38 Find the impedance Z; for maximum average power
transfer and the value of the maximum average power
transferred to Z ; for the circuit shown in Fig. P9.38.

12/0°V
e N
10 —/

;%1 Q | <‘>'2[ | Z;
T~ j“j'i Q
14
- -
Figure P38.38
SOLUTION: |5 0%y ~ :
\;" @_ . o A:E’Y“ Voo ~Viz12 Lo = V": Voe =12
.{-.
ji L Vi oy M-z XTaMa
i Bz Voo e L=\ =3V
I ”
| &I .,:L. - U()l-em/g Vizo = T=20

L Voo = 12 /°°V

Tg5¢= ZL+T + 1% & L=_12
It I=r1

'I:Sc,': 24 TJ'ZA

@TH 2 Vo /I:s(_ = 0. V“J'O.'ZJL \ZL:‘ -Z—n_:/: 0.4. +j(D.ZJ'L, \

T~ Vee / (%L‘\“%m\': (5 /0" A

FL: -;—IMZ’RL l?._;qsvdl
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9.39 Repeat Problem 9.38 for the network in Fig. P9.39.
PSSV

Figure P9.39

SOLUTION:

73 sl Vy =T (R+2 0= 4-54 V
V= Tgf =4[O0V

Voo = Nop +2Vx = 1z- 3%y

Ty=4l0° Ip=Ts.  Vx=F(T,-1)
Z\y = l'z(z~5|§~_i',(wjf)
yiedds  Tge = 3.07 [=%%07 A
5%& > T Veelse = 4 o) P"L 2y 4-’5\.::\

" | tru\m/c»a—mmz L 56 [Haye A

2
P-4 TFR | Fasoow
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0 Find the value of Z in the circuit in Fig. P9.40 for
- maximum average power transfer.
% #
714 Q
2 § /
;214_5f‘A@> 5@%’%2 Zy
| T, <
L

: o

Figure P9.40
SOLUTION:

Zy
%
717)‘«

2
, éﬂx 'Z'L
€
T\ 1 2T,
kg

,‘ TR
+—
Vo
T,
ov
{

<

Ty = Voo 4 Voo -2
| 4 2.

I:K = Voe

oo

&

2 /45 = Voe . Vee -0.-4Vec
s T

Vo= 7.498 | £1.9° v

IXZOA =32 ']:5,:?.1:}::2 A:L:QA

Lse ‘
’Z‘TH = .\_/_9_5_, - 3.2 +'J’2,~l~..,fL
S¢ '
Z = '271{36: 3.2 =) 2-‘-!*.12.1 /
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9.41 Compute the rms value of the voltage given by the
expression v(r) = 10 + 20 cos (377 + 30°) V.

SOLUTION: _

Voms = \f’#)ﬂ; VAR T 2 g s v des Cezlw £ + 4o e (Wt +6)

T ™ v
.%lgao teo dir = o Gt ), = 1se
+
;‘: f C4ov ez (WY +OD AL = O
s

L \FT"{{S’O et (wtre ) dk ~ 48 o Zeo
T Jdo Z

V&mﬁ, = \’ 6D + 0 + Zgn i L\i(:mg:z )7a3\l i |
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19.42 Compute the rms value of the voltage given by the

waveform shown in Fig. P9.42.

10

Figure P9.42
SOLUTION: ‘
. | &1 . t < \
T= SS‘ 'U‘Z(.'%}"- za ]___<~L— <
\/ A
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9.43 Calculate the rms value of the waveform shown in
Fig. P9.43.

(1) (V) 4

2
o
I(s)
Figure P9.43
SOLUTION:

- | Ot a2

T= 85 VLE) = Y ¢ 2t < ¢

1 gt <y

o

b< 4 < 8

by
'Ull«nns:V_Ti:SsztﬂM :{—g{(‘)u)-*(‘\-\(z)-t-ﬁ(z\\gj]
,Lvﬁms ? 1'87\/1 |
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9.44 Calculate the rms value of the waveform in Fig. P9.44.

(1) (V) 4
6]
e
I(s)
Figure P9.44
“SOLUTION: ‘
‘ 3t oatesz 5 Q42 o wlb<a?
T= 4ds ATt = A 2 <3 ‘UC'H’-'- 3 2t <3
‘ ‘ 6 3¢t <y ‘ o . 3¢t <4

o [4{ 1717 = 0e2Y] - [~}
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9.45 Calculate the rms value of the waveform in Fig. P9.45.

(1) (A)

i
2
,.: .
0 4 (s)
Figure P9.45

SOLUTION:

’ 2. o<t - \. 4
T= 4s Lt | bzt 2eter P U =L 3¢-2fteet® b
i Jaeted

Tgor = 3?‘%[3 + 36 - Lo +~ZA"33]E
LIW‘-‘ 1.53 Acl
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RYON

2

6 Calculate the rms value of the waveform in Fig. P9.46.

ol

Figure P9.46

“SOLUTION:

z¢ o<t <
T= 359 te)y= 4 ~¢+2¢ /<et<2
o 2et ¢3

| T b
Frems = Z%Sx Uﬂﬁrz -
]

, I&mc 2 3

]:%s:

4

E

0.4 4 AJ

W{.—-

4| 4l
31 3

) ., gt .
1 L“.‘):’ 16 - lé'-l- ,q.tf.-&“‘
| o

el gl i

&

”
PR ¢
4 (s x\]-j |
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9.47 Calculate the rms value of the waveform shown in
Fig. P9.47. |

i) (A)

A
ol
:
0 2 4 8 10 12 14 . .
|9 ' 1s)
Figure P9.47
SOLUTION:

LUt Consish Oj 3 porh - 2 Jashicad \l"fﬁhg@é ahk o~ cedtamle.
for bhe trianga s T St ang (FL4) = 25t

2
j 2t ats 25t
. 3

2o bt (sina for 2% rangy

&

?WMLL re_d'Muj/(e 75 (+) = /o ol /‘Zzéf“)ald'zo

4
f.‘,_ T‘ZZ[‘{')M? Iootl:"' Zoo

Ly

Toms = %.TL[ZCLL.A’/}»f-m]z ™= ¥s

ffmm L. 4;;}]
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48 Calculate the rms value of the waveform shown in
Fig. P9.48. €8S

v(1) (V) 4

4_ ________________

'

¥ "
101 2 3 4 1(s)
Figure P9.48
SOLUTION:

UU“) tensists xj 2 idehicad 1‘7//445&41
| & W.‘anﬁ/& Pou, U E 4t and vEL =0k

f !’Ull(,“t‘)o‘-t =1 l,.(ij_:.’}) l - U.’i (SaM .ﬁ,-w 2..".{1‘ J-m'akjf(,)
o 3 o 3

v [T ‘ 2 1—~y \
Bins =V;—FS’ Y24k = g?\[z (“0/331} =45

Vems = L 63V
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9.49 The current waveform in Fig. P9.49 is flowing through
a 5-0 resistor. Find the average power absorbed by the
resistor. PSSV

o

(1) (A)

4

Figure P9.49

SOLUTION: T = 4s
LU eorosts o o triongt and a sctangle.
Trianstet VL0224 and 1 LE) = 4*

S’?"\,"LU() dot = :;f;%?\: = 10.67

o

’Zu'[“ah%g: T, 0= —¢ 4L I}ZCH'“I(‘:

fq/wut: 1461{,-.« 32
z A

VZ.
I = 7,2 = .l u
Zms |/#/; 7 Ut)dF Z/? [Io e7v~52]§

‘}1;,,,_,? 3.27A

F
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9.50 Calculate the rms value of the waveform shown in
Fig. P9.50. €S

i) (A)

1

I(s)

—o ¥

Figure P9.50

SOLUTION: T-= 3<

ULty m§§5+5 O 'h"l'é—f\%l. "j I se coneh dur‘lihm ek
O /‘.e,(,/f‘lhé ’.-C, ) pYRLT S S o&»-f'aﬁf:«- .

Tems "’*)/—:f!:ﬂ’rfzb””f

Triangle © )= 2t-2 el (U= 4155 o
Sox Ué’-(ﬂm = ‘%j }b\ _ 4{_2.\i ”“H:\z: = 4

Z
(b ek am g Uy U= | andl 1370 =1 f, [y ) dt= |

‘/Z
i =z i r o = O, F£2
ems = § 24 [ 44 e1]¢ | Tens = 02424

——
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9.51 A plant consumes 20 kW of power from a 240-V rms
line. If the load power factor is 0.9, what is the angle by
which the load voltage leads the load current? What is
the load current phasor if the line voltage has a phasor of

240 /0° V rms?
SOLUTION:
Vs = 24"3 Lo;o erg
YY::
PL: Zo et P\E':Q.QX L\&gjinﬁ fnT“@d'L)

T ——

B: cea (pf) = ' (09) = [B=25.8°

;ﬁ‘: \Vs\\i‘\ F‘? =) \I\"‘-‘ [ - Z?’m:;kf . 92.0LA
sl p§ 240 (9D

T =a2.06[=258" Arusy
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9.52 A plant consumes 100 kW of power at 0.9 pf lagging.
If the load current 1s 200 A rms, find the load voltage.

SOLUTION:
- | T\ = ZooArms  phooa \ag
+ N
Yoo P s eelew By 26 pf)= 25.8°
?L.: \VL\\ZEL\?*? ==y \VL\': ,?L - ggév(m—&
\*rL\FJ)l

&SSVM"“Q IL:: ZOOL—Q?JQAVMS >

TVL: 55, /258° v,,,.sx
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.53 A plant draws 250 A rms from a 240-V rms line to
supply a load with 50 kW. What is the power factor of
the load? |

SOLUTION:




Chapter Nine: Steady-State Power Analysis.

34 The power company supplies 80 kW to an industrial
load. The load draws 220 A rms from the transmission
line. If the load voltage is 440 V rms and the load

791

power factor is 0.8 lagging. find the losses in the
transmission line. €%

SOLUTION:
(e L . dssume Gy =o°
g 2| Vu Viz 440 /0° Viees

:E.L = 220 L:_? A’FM

PL?\VL.\\.IL,\P‘Q: 77 +46 W &= dzz't(o.éﬂr 3¢.9°

E{,‘M :\PS -P = §ovoo -77%o (e ® 2560 W \ |

. |
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9.55 An industrial load that consumes 40 kW is supplied
by the power company through a transmission line
with 0.1 €} resistance, with 44 kW. If the voltage
at the load is 240 V rms, find the power factor at
the load. o

SOLUTION:
‘ o L ?L: 4ot W ‘V(_,l: 2%oVims

+-
VS< ][/) ;st Vi ?L = lVLl ‘,3:!_‘, P'Q Pg = 4dle g

"D,uuf P - P-4k =¥f§"(o40

l:fb[.—_a 2oo Acms

??: i ] p-f": 0. 83
(v T, )
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9.56 The power company supplies 40 kW to an industrial
load. The load draws 200 A rms from the transmission
‘line. If the load voltage is 240 V rms and the load power
factor 1s 0.8 lagging, find the mxses in the
transmission line.

SOLUTION:
= 4o k k)

Ve { . [Vil= 240 Vieny ,l:t,,l = M‘A(M

Fo= Ivellx e e 38.dkw

{VM: \’P.S .-’[PL - léoq\.«ﬁl
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9.57 A transmission line with impedance 0.08 + j0.25 ()
18 used to deliver power to a load. The load is inductive
“and the load voltage is 220 /0° V rms at 60 Hz. If the
load requires 12 kW and the real power loss in the line
is 560 W, detelmme the power factor angle of the load.
cs

‘SOLUTION: z
‘ - E,L’u, - 0. 08 v 2L, - = jo-2sL

Vi Vo= 220 Z_Qdo\/rn,sg

= 5¢o = (T |= 93.7 A

=) P‘Q’: 127(»0-5 - O. 65
(zz0) (837D

Sihee  load /3 Fedechicg N P—:e I ¢ /azjg/rﬂ{

[7’“0* 0.65 lagping ( B, = tan' (pt) = 49.4°




Chapter Nine: Steady-State Power Analysis | 795

9.58 Determine the real power, the reactive power, the
complex power, and the power factor for a load having
the following characteristics. | |
(@) I =2/40° A rms, V = 450 /70° V rms.

(b) I = 1.5/—20° A rms, Z = 5000 /15° Q.

() V =200 /+35° Vrms, Z = 1500 /—15° Q.

SOLUTION:
A P=lrll V] cnl®-62)= @) (450) tsz (70-40)

u-: 7 749 \/ﬂ

= | VvIIT| s7n (&v-82) = t@"— 450 VA@&\

1

S = >v ¥ = (450 (7o) (2/-4%) Ls’= 900 /306° ‘v,q
1% t= C%“‘(BQ“) =5 }3’4*: 0. BLEG \%& -

D) VaITZ= 7500 /75° V.ms P= (.5) (1s%0) ceg(ts"\-_-;s[P: 10,7!41/0‘}

A= G5NTSEY Sin (18) = | Q= za12 VA&SW
S = VI¥~ - [S:: 1250 / 1S° vAL !F’{lzﬂ)-a)(a(a (%k&\

A T=V/z = 0.133 [5°  $=VT¥ (Ec 20.7/-15° VA |

P=[Slew (By—=62) = 2¢.7 ton (=15 D’= 25‘-8\/\31

®= \sl sin(Bv-er) D _CQ:~<.,.q\ vAul
pl=er (157 ARICINAL "f{’”&'ﬁ%i
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9.59 An industrial load operates at 30 kW, 0.8 pf lagging.
The load voltage is 240 /0° V rms. The real and
reactive power losses in the transmission-line feeder
are 1.8 kW and 2.4 kvar, respectively. Find the
impedance of the trasmission line and the input voltage
to the line. PSV |

SOLUTION: T
R L (IL) = PL. - 3X&D$ = [S.(QArM
Ry # * v pp  Zd4ole-®) o
Vg -+ <L Vi ¥
- 6, -= cea”! (p4) = 36.9°
L
[IL11&= | $7 IL = 1S Z*jé.goArm—g
Ry = 74 ma
/Ié/lé=j2%oo l%s7'~[4+j‘78 mSL\

Vs = Zy, T+l = Vs= 259 /107 Vies
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A transmission line with impedance 0.1 + j0.2 ) is
used to deliver power to a load. The load is capacitive
and the load voltage is 240 /0° V rms at 60 Hz.

If the load requires 15 kW and the real power loss in

the line is 660 W, determine the input voltage to the line.

9.60

' SOLUTION: ,
= R mT = (Ty= 512 Ay

S:\)

PL = 1500 = }VL. :EL-\ 'P‘P '-‘-5? P'ﬁL: o PR

<The | odd is mpad‘fu, P P: oM (40.0(:'5

T, = F1.2 [382°Ams Oy =ew” (pfl= -39.7°2 6y - Oz,

\“‘—-‘@rb 39.7°

VS:’TL(&-r%)-fVL
= yu2/332 (o.1+j0.2)l+ 240 /0"
Vvs = 22¢ [a290 Voma |
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9.61 Find the real and reactive power absorbed by each
element in the circuit in Fig. P9.61.

(j) 95,/-10° V rms
N,
Figure P9.61
SOLUTION: ; |
L= V_..__.._.__.._S‘”VSL - 55'5Z~==——~+‘?"7'7°, - |z.5 [12.7° ,/:\'_W5
2 +)3-§S z -

Te Vsin 8= -V T¥ < flzsfo) (1ees f22.09)
Sy * Ise3 J1073 VA A'

St

Evslf - 463 W , Q\,s‘: 149z V%‘\
ff'zrw Vs ‘3\;,52-: $¥Vsz = 118p /-82.2° VA
L?\jsz = |50 W Qug, = = 1173 \i/lnf(,\
2
PE?— lx(* % \Pg‘—“‘ S\BV\J\ M

Gu= lee3) [ QL= 469 Ve ﬁ_:_?]

O = (T1*(- §) ZQE:-—’]MVM P =0
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9.62 Given the network in Fig. P9.62, determine the input
voltage Vs.

A ,Mmm“—*i O |
, , 36 kW 48 KW Vi
Vg (i) 0.82 pf 0.88 pf | 240/0°V rms
‘ ‘ ‘ lagging lagging
, l l 5
Figure P9.62 |
SOLUTION: |
Load "  FL(’ = I\'l--l lt'\l (vf’"ﬁ;) = {I\\’ f";‘.._._- k=: 1%3 Arm—s
- Welp ~
[Ti= By - cea™ (ph)= - 349° S
T,o= 183 [=49° Ams |
Loyel 2: ‘I‘Z.\:' PL'L = 2.27 ’A‘f'ﬂ’\& QIZ:. Q%. - mf'(pé = ~28,*f°

Ty= 227 [-284° Ares
T =T+, = 409 [ -313° Avny
V= T Lo +§0-3) vV

Vo= 349/ 13.9° \/WJ
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9.63 Given the network in Fig. P9.63, compute the input
source voltage and the input power factor.

T ‘ ;
A ey S A o e —O
BO KW |+ 20 kW Vi
Vg (@ | 0.86 pf |V, 08pf | - 220/0°V rms
lagging | - lagging
| O
 Figure P9.63
SOLUTION:
Lead 2+ (Tpl= fiz | 2owmo® | |1 ¢ Aces

v 1 (P’?Z) 226 (0.8) T HL/‘L.,,_.__.% 1 GA(
2= - md

Br = By - et (h) = -39

lo2d {r (T = P Op = 8y - e Cph)
W1 (pFe) > T,=31[-243°
Py

VL':. (0.0\.&30.0(3‘1'7‘.(_ VL. . 22%{ /. o0® Vrm,_s
Tee T 4Py = 424 [22L6° Arm

Us = (oo 302y T+,

I\Is = 303 [ 10 V{M}

P{S : e (Oys w@l-g) = toe (11 = (-31.0))
LPX)'SZ 0. 73 »Q.Wya\
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8.64 Use Kirchhoff’s laws to compute the source voltage of
the network shown in Fig. P9.64.

‘T:S
o, ’ 24 kW Vi 36 kW
Vs (ﬁ) | 0.85pf | 220/0°Vrms | 0.78 pf
h lagging lagging
Figure P9.64
SOLUTION: P a
| Tl SE2 - 3EXO L 2104 rms
Load2: IV Gpf) 220 (078) Ty 200[738.7° Ay
Or,=By - ca™ (pd2)= = 38.72°

‘I‘{ = ’ P"'( . = Z,':é&;os e = 28 Arffh.s
Load.y - Vol Cpdy) 220 (0.%5) T2 128 [=308° Aroy

QI.‘

i

9\/!_"04:4—7'([’16:) = ~31.8°
:‘:S:‘I:lJVIZ = 337 Z'~36.lo A ros

Vs= (009 +50.28) T+ V. V= 298 [3-70° Veng J
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9.65 Given the network in Fig. P9.65, determine the input
voltage V. PSSV

Ls
- = ©
{ [ +
30 kVA 40 kW Vi
0.9 pf 0.795 pf| 240/0°V rms
lagging lagging

[

Figure P9.65
~ SOLUTION: ~,
lI;"“' ._.?l"-L-—-—— - S000 = 13‘3 A"rﬂ\S
Load: Vel Gy 240 (09) T,= (39 -25.5° A»fma

6‘_—51 = Bvbwvm"{ (Oﬁ) ==258"°

Loadz:g Tl = i\f,f?(pﬁ) = 2le Ao T, =210 (37.3° Aoy
Or,= Bv. - o (0295)= -37.3° o

Ty =T 4T, = 247 [-32.7° kemg

Ve= (04 wjo-) Tg V.

Vg= 2%¢ [2-98 ° Vrps
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9.66 Find the input source voltage and the power factor of the
source for the network shown in Fig. P9.66. £8§
T

e AN O
010 /030 0.030 JO-10 «}r +
+ L -
12 kW 24kw | Ve o
Vs @) -y | o87pf | o.opt |240°Vims
lagging | 1 lagging
l -

Figure P9.66
- SOLUTION: p ’
tIz\;‘. Lz e~ 24000 = lllAfﬂ‘:g
Lead 2: WV LGt 2t (04) T, = i1 [2258° Ay

6Iz = QVL,"‘ Ccsz,_'(P'Fz) T -25.%°

Vi=(0-03 0.0, V= 249 [ 1.47° Vg

LM&U" gm‘(: ‘\f\jlﬁrm: zlj—:ecoo.s'?) = 54 Aans 2,2 554 [-27.6" Arns

, . 63:[ - Oy, »co{’(PﬁJ = -2 76°

To: T, 5, = lbe [-26.4° bvns
V= (ol +Jo.3) T+ Vv, ')Vs’*‘zﬂ"t[_ijib_ Vrms

pf = cov [9“%»@% = oz (35.5¢) = o314

bﬁg... 0.%1¢ \%ﬂ -
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9.67 Given the network in Fig. P9.67, find the complex power
supplied by the source, the power factor of the source,
and the voltage vg(7). The frequency is 60 Hz.

+ ‘%1:&
VL 1 12 kVA

240/0°V rms 0.9
lagging

- !

Figure P9.67
SOLUTION: |
LT\ = Pra _ 12000 . $56Ams
Load 2 Ll L(’f-a) 240 (69)
& Z: By, - tea” (ph) = -25 8"

Ty 55612253 Amy
(- PL% - 20000 - HﬁArM
Load.

il (?%\) 246 (07
= @\)\_+m (\’/’?\ =14 ¢.,°
I‘ = (9 L‘L‘L{_L’ Arns

ts £, = 141 [Z15° Arng
Ve ( OS“fr\Xo YL #V = 236 [ 722 Ving
S = Vg:r% F'FS"- Ce (9353: Cez (*’-/}g) P'C’Sz‘ 0.455
| edcdsng-

]S’vsa 34.( /-17.3° /cV/-LJ

W)= 234 o (377 +7227) V
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9.68 Given the circuit in Fig. P9.68, find the complex power
supplied by the source and the source power factor. If
f = 60 Hz, find v(z).
A
10 020 YT i= RS
30 kW 20 kVA 10 KW Ve
(i) Vs 0.8 0.9 0.8 480/0°V rms
| ‘ leading lagging lagging
Figure P9.68
SOLUTION: P ‘
k g\ = L3 - losoo = 2(.0 Armg ~
Load3: WLlCpls)  48o(0-®)

I:gﬂ Z‘_Q ’5448 QA""M
63:3? Sy, - wz"(r"gs\ = -3C.8

1T\ 2osee, = 4.3 Arng
Load 2% 486 (04)

IL= L3 Z\'ZS"S'OAT)M
@;—L: O- m"' (6.9) = -25.8°

T l= 30000

- 18.\ Ao .
Load I: +8e Co-8) T, = 100 (3637 Broy
Ory= Oy _+ m"‘(?g:\“.%lo."l'
T,z T 45 +L5= 125 /5.25° Aray

i

Vs = 6. 1+50-2)Ts +V = 491 [3.04°

S o= VeILY = (14 [zt bva

Ss=thd/-29°vd

phs = coa (Bus- B%,) = 0999 0% = 0.993 (M,}J

Siha 5Vﬂ91<$J @M '
Vs (D= Yz [ Vs] con Conf t+ 3069V E

5= (9fcor (377 +3.00°)V

[R—

JE——
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9.69 In the circuit in Fig. P9.69, the complex power supplied by
source V; 1s 2000 /—30° VA. If V; = 200 /10° V rms,
find V,.

AAS e,

5 q J10Q

X

Figure P9.69

SOLUTION:
"'S‘\n:\ iy T¥ = Zooo |-30= 7.0 Jlo T¥
I¥: o z”‘f’o I= {p/ 4‘0. A—(m.:v)

v, = T (s F710) +Vy D Vo= Vi-G+jied T

Vo= 235 [-1g 4° Vrma\ “
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9.70 For the network in Fig. P9.70, the complex power
absorbed by the source on the right is 0 + j1582.5 VA.
Find the value of R and the unknown element and its
value if f/ = 60 Hz. (If the element is a capacitor, give
its capacitance; if the element is an inductor, give its
inductance.) o

Zx
R
(ﬁ) 120/-10° V rms ‘2 (j)we/;qg V rms
f T
Vsl , ' sz.
Figure P9.70
SOLUTION:
SZQ 515’5’2.‘3' VA :VSZ‘I¥’: lS‘b/_Q I’*

:£¥= lS'BZ.{["IO = lo,(a[i",f = f: IO(G@‘QA’VM
1S ]8° ‘

Vg Vg2 = R + &y = .97 —jK.OOJL
=

12*-\-‘3“711,1 Zy= =)L = -] w=377¢/s

l Co= 8844 F
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9.71 A plant consumes 60 kW at a power factor of 0.75
lagging from a 240-V rms 60-Hz line. Determine the
value of the capacitor that when placed in parallel with
the load will change the load power factor to 0.9 lagging.

SOLUTION:

1Sotal = El_«.._ = '(ﬂ___’°°___°° - 8ole VA B s (6at) = H.e®

6l
P’Pom 01§

Sotclt %o [HL.4° kVA Qola= [Sow sinBy = 52.9 kVALs

(Sl = 0 Gosoo . L(.7EVA  Beu= 25.5°
P Frous R ‘ e \

Sk&.u'l (o(o*?[__‘?j'.ée VA Qras = 29.1 kVaes

Oc +8pld = Qe = - wC \VL\Z = é‘ﬁ'\ - 5’23)}%03

lul= 240 Ve Ls = 377 vUS
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9.72 A particular load has a pf of 0.8 lagging. The power
delivered to the load 1s 40 kW from a 270-V rms 60-Hz
line. What value of capacitance placed in parallel with
the load will raise the pf to 0.9 lagging? PSV

SOLUTION:

Sola| = . 4ooos | sokva B cces lo8)s 36.9°
: ol
P‘{)'o\ck 0.k : ‘
®0M~" lsuld{ Sin Epld = Fo ke VAR
ISW( = Hosoo . Hd.4kVA B e = ez (07 =25 g °

6-9

Orewr = (#4410 )sin (Buss) = 19.¢ kvag

® 4 Qold = Qe D “CWV [ = (3+-3)x0°

LW =371 ris [Vil= z270Vena

[0

L
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9.73 An industrial load is supplied through a transmission
line that has a line impedance of 0.1 + j0O.2 (). The
60-Hz line voltage at the load is 480 /0° V rms. The
load consumes 124 kW at 0.75 pf lagging. What value of
capacitance when placed in parallel with the load will
change the power factor to 0.9 lagging? €8

SOLUTION:

VSaal= _fL | tzvwe® | 1i5 3 VA B cor(phu) - Al 4°
Photet 0-7%

Sold= [65.3/41.4° VA ®otet = Tn (Sott) = 109 kvae

lS‘Wl: l24kio® . 137.8 VA O = (;n"/(a.‘})a z.5.8°
5.5

Swwes 1308 [258° kvh  Quys T (S = Goot kuae

Qe = Onews - Qot e —-mCl\/L}Z:: (¢o.| - ch\XmS

W= 37 0¢s [VL\-a ‘/XO Vima
LCL 3 pF
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8.74 The 60-Hz line voltage for a 60-kW, 0.76-pf lagging
industrial load is 240 /0° V rms. Find the value of
capacitance that when placed in parallel with the load
will raise the power factor to 0.9 lagging.

SOLUTION:

lga\,d.\v": PL. - boooo - '7;7 kvVA SoleL= 789 Ho.s"" PR
P?Colc.i- 076

Q= 513 LUAL
Ovit = Con ' (phid) = cl(0.2) = Yo5° |

[ Swol= Cosoe _ (.0 kVa Smecr= bl b [ 258° Lya
55

Qe 291 kvt
Brs: oz (6.5)= 25.8° g

B = Qs - Qotd @ - wuf®=(29.1- 5+ Dxe’

lu=30rls \Wel= 240V rows

C=1.02 p/[~

.
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8.75 An industrial load consumes 44 kW at 0.82 pf lagging
from a 240 /0°-V-rms 60-Hz line. A bank of capacitors
totaling 600 wF is available. If these capacitors are

“placed in parallel with the load, what is the new power
factor of the total load?

SOLUTION:

\So\d\’ PL_. L 4‘7‘06‘0’__ 3‘3'71(,\[/& SOI(;L" §§.7[_Eiio\cVA

P’pdkfk' 6'92 .
L, ,_ (-Do\d." IMZS"“‘LS
Oota= e (phyy) = 349°
A Qoldh = 320.7 LVM

OP(,? ~wC VL2 = =377 (booxis™®) (z40) == o k vA@

B, = Ones= QoL & Qua= 17.7 kvae

sz {-an—(( %ﬁf) = 21.9 ’éa%""é siha B>0°
L .

€

rP .ﬁw = toz Buar ( Pi% = 0.9748 lﬂ;?[rg
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9.76 A particular load has a pf of 0.8 lagging. The power
delivered to the load 1s 40 kW from a 220-V rms 60-Hz
line. What value of capacitance placed in parallel with
the load will raise the pf to 0.9 lagging? €%

SOLUTION:
(go\cl{ = P . 4ooeq . So{c/\lA Sold: So [ 363° Lkuia

Pl 3
| b Qo(d: T\MZSOMS
Sold = o lphul) = 3¢.9°
« Qolh= 3o k VAR

\SW\: doove . 444 LA Sw-: ’1‘“{%4125"?0 le VA
014 ’

= 19 4
@M«u : Cea” (."'33'-‘ 25.§° Qe < VAL

Op = —w CUVLLE = Qpgs- Aoid = = 106 kVAL

w:=31 ris  vil= 2zo Vg
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8.77 A single-phase three-wire 60-Hz circuit serves three loads,
- as shown in Fig. P9.77. Determine I 4, Iy, I.., and the
energy use over a 24-hour period in kilowatt-hours.

IaA A IC
¢ - ¢ .
120,/0°V rms CiDV\
ne
120/0° V rms Cj) v, Loeadz
b 4
) B
Figure P9.77 :
SOLUTION:
o [Sal=1 kva S3= loce [25% VA
Sl:"SZ = oo [_9 VA 9 . m'l(a.ﬁ) = 25.8°
3 F , ‘ :
Toy = ,\}L = 0.833 [0°Arms Tan® 0.333 [0 Arm
L ’

*
s
me: 2y s 0.%33 /0° Acmsy Tus = 0-833 [0%Acmy

X
Z40 /O

Ia,q— S IAN ’r"Ic =2 [I—al%: 4.ﬁ.3_{‘2/_éo A‘(mﬁ

&

—)

o

I),,g TN‘3~I/+N=5-!I;,N:D

Total ODM = P= P +PB 4P = loorive +900= l1po W

J—

Theve ane 24 hous s /rso—: P(24) = 206.4 Kiohes
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8.78 A 5.1-kW household range is designed to operate on a
240-V rms sinusoidal voltage, as shown in Fig. P9.78a.
However, the electrician has mistakenly connected the
range to 120 V rms. as shown in Fig. P9.78b. What is the
effect of this error?

. 120/0°V rms C‘_D ,

120/0°V rms (ﬁ)

b B
(a)
a
120/0°V rms (ﬁ)
n
(b)
Figure P9.78

SOLUTION: Os e fM ,

\Ir;hyl’ = P(\jr\igl - IZ:‘:’OLES( - 2125 /4/'0\-&
e

Ous C«bhhf-c;k-&

T = 5lon. _ 4z . Aaws
(T rang| o z

The corred drawn loy i range is doddlell 4 e
+he redvefion 1 unliase b«a k&ﬁ-fqt
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9.79 A man and his son are flying a kite. The kite becomes
‘entangled in a 7200-V rms power line close to a power
pole. The man crawls up the pole to remove the kite.
“While trying to remove the kite, the man accidentally
‘touches the 7200-V rms line. Assuming the power pole
is well grounded, what is the potential current through
the man’s body? ©% |

SOLUTION:
‘7Zoo\frm~5 , Moo gek
g — N contact , Qsc;, Rarm , Cuclent -g‘\c;\.os ~
kT | | A~ From e hand,
"‘" ’// o <+ : A %f'ouah bo‘w
f 7200 /0% 3 Than rrns) o o ¥har
+ R?ole, =052 hand 4 doww
' ,\2.559N Tz'lrm ) &-7 a\'ﬂ
ot Bty \
e v Best cane: skin ts oLr? ? Rse = ISk | D= (002
\IMAV\ \ 2o = Z3BnmA

‘ZSG( +2 Rapn * Fsea

Lo wrsr Cane: shinrs wuk 1 ?Sc_.:' | SO ,’Earm T loosu

\Tman\, = 7260 - )%4‘4(,?‘,5
2 L 1g50) +2((ac>>

2’35MA dr‘9 8/)4.1'1'\-

| Fman| =
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) A number of 120-V rms household fixtures are to be
used to provide lighting for a large room. The total
lighting load 1s 8 kW. The National Electric Code
requires that no circuit breaker be larger than 20 A rms
with a 25% safety margin. Determine the number of
identical branch circuits needed for this requirement.

SOLUTION:

’{ITD'TA'L_‘[:__.E__.:‘: mo—: C,G.?AKM
[V 120

|T |2 0.75(26) = IS A my (29% ‘Sa-ﬂv('j,mmj/;n\

Besnker

#ef bronde = Ereoml e

‘ (IB%W@"\

. W 5 Arénd—t:v-l
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8.81 To test a light socket, a woman, while standing on
cushions that insulate her from the ground, sticks
her finger into the socket, as shown in Fig. P9.81.
The tip of her finger makes contact with one side of the
line, and the side of her finger makes contact with the
other side of the line. Assuming that any portion of a
Iimb has a resistance of 95 {1, is there any current in the
body? Is there any current in the vicinity of the heart?

Figure P9.81

SOLUTION:

Moged Erioqee =950 (Nel = (zoV

Rf’ke‘sr Mo deds (‘q‘roQ —‘DO&_‘G,

Coushiiona  hawe idi ide reststance

150.= 2F\NQ€L

.

Heart s '
down lum%i Keest Sos while % = 126 Arms #/mu
FegT %f@u;k 6"{'.!. (p)‘)\wr"ﬁrg (QU(,L‘\\))
oo, CLUSHwal ‘ ;
-:I;:—OV 'J/{'\‘“'/f— is WMo cornd” Nea

H«, Feart.
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9.82 An inexperienced mechanic is installing a 12-V battery
~in a car. The negative terminal has been connected. He is
currently tightening the bolts on the positive terminal.
With a tight grip on the wrench, he turns it so that the
gold ring on his finger makes contact with the frame of
the car. This situation 1s modeled in Fig. P9.82, where
we assume that the resistance of the wrench is negligible
and the resistance of the contact is as follows:
Rl = Rboii t wrench 0.012 Q
R2 = memchm ring = 0.012 Q
Ry = Ry = 0.012 0
R4 = Rri:lg to frame 0.012 Q

‘What power is quickly dissipated in the gold ring, and
what is the impact of this power dissipation? ©$&

R4 Ry
'<:t>12\/ ﬂ xI R;gg
Ry
AN
Figure P9.82
SOLUTION:
i+ €, thatly O.04Y

(’z’r\%w
The m’;g(j will 776 W Lul')igurnnj s mechanic |

? = 312/123 = 1Pr§n%ﬁ 130w
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9.83 A 5-kW load operates at 60 Hz, 240 V rms and has

a power factor of 0.866 lagging. We wish to create a power
factor of at least 0.975 lagging using a single capacitor.
Can this requirement be met using a single capacitor from
Table 6.17

SOLUTION:

Bo\d\ = f.‘::.w . Oseo = S VA Setld = §-77 [ 30° kva

@dk& = Con™ Lp"‘(\'cu\ = 3o’

Pl 036
(‘Pom."“ 2.88 kLVAC

lSW\ - S‘::z‘ - ‘5. l? EVA Sw‘; 5_13 { iz‘sia \(.V.&A
O .
Erany = m”'(o.“nsﬁc [z.8° Lp = Y kvae

O = - wL\VL.\L'“ Qe Ol = —1.7¢ L VAL

LM /s VL) = 240V
C= 3o nF |
56&04'1«‘3) /'wd‘ . am ElpF cafzci'v‘w(
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9.84 Use an RC combination to design a circuit that will
reduce a 120-V rms line voltage to a voltage between

75 and 80 V rms while dissipating less than 30 W.

SOLUTION: | al 4
‘ E s + ASK () yrs =6ol g
This cicewd skuuld\ do Ng :!G 'ZLT Vo

IVol= 7725 Vems

ey
{ . J

“r, 115\ L = H,@«.cj?‘-:, é}ﬁ = oD

Wsl= V2o Vems

Also, lT1* R <30 = |&)-= AV

lVSlZ(wazﬁ < 30

s
)+ (w O )

5,,))35}7“}1,{( (D ifeds (2) Z}/'@us

s % lw*e i Vo | P Llw YR <30
\\f,;\'”/walz ,

@bei‘rdﬁm'[a GM 163 /?},.F

wajr-t Arla;‘v"ram/a chgont, M
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~E-=1 An industrial load consumes 120 kW at 0.707 pf

lagging and is connected to a 480 /0° V rms 60-Hz
‘ Iine. Determine the value of the capacitor that, when

connected in parallel with the load, will raise the power N

factor to 0.95 lagging. €%

SOLUTION:

‘.S'oh“: o o Izoxio. - 170 kVA Sold = 70 L2 lera

Eola= m"(?%,i\c 4s5°

P Folk 0-7077
Q= 120 lVae

Erow = Coz” ((045)= 18.2°

\Su«o\": (%xto'b/b,QS”: 12¢ l«.v\/A A% '§w: (26 !I%.zf” k VA

A= 313 kvae

ch:“’"’ (/JC\VL_\?*: ®Y\'¢'UA,— (pb\.o( = - ?0‘7 EV’M

W= 377 ris (VL= 45 Vi

TC"-' 429 pu =
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E-2 Determine the average and rms values of the following

waveform.
(1) (V) 4
)
L[ PN S -
.
0 1 2 3 4 5 s)
Figure 9PFE-2
SOLUTION:
GL:JJ-—(@?/_, Uty = T S;)hLﬂdi’ T= 4¢
|
fa’UL{)dtf‘—‘ fo dt = | ‘“1‘5(.-&%:——_‘1:[14,z+l]: 2/
A X 2 _
y‘ ULt‘XGJ’t: S‘ Zafc= Z }’m = 0,15‘\/—l
Y Saleyak = |
P
T K
Ims: - Vems= Z"Ho ube)cujg

i {
For o<t v = 1% jo U= 50 dt= |
J 1tz yUH)ezmd  t § ek f;‘\l—d/‘f‘=4

. 3,
I 243 some cotribihin as o<tel | Sytar=|

iy ‘
Vﬁms = E%i’:l’{“‘#‘l’l—i‘g 1 \Iﬁnﬂ_;: 1.22V \
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-3 Find the impedance Z; in the network in Fig. 9PFE-3
for maximum average power transfer. €%

12/0°V
LD
R
4
ZL z, g]ZQ
&

Figure 9PFE-3

SOLUTION:  Find 2y

&
'Z—TH = %J_ 4+ Z%’c, - jZ.r)» Z(-'?jl)
B+ Z
Ze < R
2P Z, ~

Eni= 0.4 451202

Zz/-'-’o‘ 'ZT'HV %L,‘:' oY .‘)’ I,ZJL:‘}
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~E-4 An rms-reading voltmeter is connected to the output of
the op-amp shown in Fig. 9PFE-4. Determine the
meter reading.
36 k()

A%

? rms-reading
|/ volimeter

||‘
lll

Figure 9PFE-4

SOLUTION:
Vo = — Re Vs = L\ [0V = [/o® Vems

Vo = - 3Vj =~ 3 /0% Vems

Mmete, eads 3V
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9FE-5 Determine the average power delivered to the resistor
in Fig. 9PFE-5a if the current waveform 1s shown in
Fig. 9PFE-5b. €S |

(1) (A)
2
‘ 11 .
(D i(7) <40 /
0= 3 7 -
[(s)
~2
(a) (b)
Figure 9PFE-5
SOLUTION:
: v
P e Teos B T= 25 Ten; - ZT‘* $ Tt S -
Tooost=i, 1=k 4 iHO-t* fa' tat= £ '= v
[+

2 )
P l=t<2  4ie)1=-2 §,204)-¢ f:c&w-».-qt

1y
Fems = z‘i—[l/g'f“‘f:z% = .47 A

PoUwie e vl




