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+5M_Jnj¢ oz A Cosfw e s )
v, |
L\? — Jwil
:l: —> 1
' Jwec

Acos(wi+¢/—> A 5')53 AL@

JEXAMPLE 9.6

A 90 Q resistor, a 32 mH inductor, and a 5 uF ca-
pacitor are connected in series across the terminals Ze=j— =
of a sinusoidal voltage source, as shown in Fig. 9.15.
The steady-state expression for the source voltage L1

v, is 750 cos(5000¢ + 30°) V. The phasor transform of v, IS

V, =750 /30° V.

4 N
90 2 2mH Figure 9.16 1llustrates the frequency-domain
— equivalent circuit of the circuit shown in Fig.9.15.
' T HE a 900 1600
.___W__f'm__
_ ] T
EEXXEE e circuit for Example 9.6. - 2 !
@
a) Construct the frequency-domain equivalent b T
circuit.
e L S g 1 % Zab = 90 + _}'160 - 140
—_ v o pulli
'b) Calculate the steady-state current i by the pha- — 90+ 120 = 150 /53.13° ©-
sor method. - B -
SOLUTION

a) From the expression for vg, we have w = 5000

TRL SRR WTLE O g .

rad/s. Therefore the impedance of the 32 mH I 750 /30° —5 /-2313° A.
inductor 15 150 £53.13° /o I e
Lo

Z; = joL = j(5000)(32 x 1073) = j160 L,

i = 5c0s5(5000r — 23.13°) A.

—_— - —
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4 — o
| 60 = 0,2 {_%6.8
i, - .

v 100 1:1 _— lzz =<1 uF

The circuit for Exampli 2 -~ . B I~ ‘ il - 3 é g
. ple 9.7. s B
GrL36,p O
SOLUTION '
i _ = 5 f’j-:m} 6. ?
Ww=j)00 0009
. |
Lol H —> JWL=Ic200000x40 1° V=27 [-363
“ _ — 8 L= 5- L R g
Z % |
’ / ' i . 4@ ‘-i:_,_}_é"g
v > L = = —
Jwc Sx20 0002« Iut 0"6 J 9,2 i B o -
\/ 4o/ =367
Ly ———/ 2 4 2163
= -5 a F O
]\/O ‘[:E__: ._.i g --—-3 i
J :
I |
+ — |
8/0° i :‘
78§} |
— e i
1o ﬁ £3¥ ~ 83 ..
- ]
\l- i : The corresponding steady-state time-domain
; expressions are N
| A -,
' f v = 40.cos(200,000¢ — 36.87°) V,
( :
T | ___f_ - ___/ / / g i1 = 4¢0s(200,000t — 36.87°) A,
R o vl I N
VY ~ls ! i2 = 4 ¢c0s(200,000r — 90°) A,

_ ) i3 = 8.c0s(200,000¢ + 53.13°) A.
— 04+ 00b-3008 +0,2y | ~
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-

The black box representation of a

circuit used for calculating power. v =V, cos(wt + 6,),
g B — i = [, cos(wt + 6;),
v = Vn cos(wt + 6, — 6. .
| )i QV"@‘ - P»\QSQ Qﬁal(
! = [, cOs wt. |

p = Vuln cos(wt + 6, — 6;) cos wt.

COS @ COS ﬁ = '2- cos(a — ﬁ) + %COS(‘I + ﬁ)

e

Vi m t 406, — B;).
p = szlm cos(By — g;) + 5 cos(Zw v

P iy

-

- —

cos(a + B) = cosacos B — sina sin B

COS(Q_W 4 _{_6,[’_ @;'): Cos LI CQS(QV_QI-)__SV\ 2wt Sfﬂ(@u_er)

Vi [
P = szfm cos(fy, — 6;) + "'2"' cos(8, — 6;) cos 2wt

Vinln . .
" 2 sin(8, — 6;) sin 20t.

e
" _-'-——-____‘___-_--__‘-_ e
#"'..

 —

10.2 ¢ Average and Reactive Powe

i =

_r"d"_.r

p= P+ Pcos2wt — Qsin2wt,

VinIm
P = cos(eﬂ - ef)i
2
Vmim .
Q b 2 ™ Sm(eu = 9;').

P 1s called the average power, and Q is called the reactive power

—




The two loads in the circuit shown in Fig. 10.14 can
be described as follows: Load 1 absorbs an average
power of 8 kW at a leading power factor of 0.8.
Load 2 absorbs 20 kVA at a lagging power factor
of 0.6.

. :
ACRICRIAES The circuit for Example 10.6.

a) Determine the power factor of the two loads
in parallel.

b) Determine the apparent power required to
supply the loads, the magnitude of the current,

I;, and the average power loss in the transmis-
sion line.

-

—r—

¢) Given that the frequency of the source is 60 Hz,
compute the value of the capacitor that would
correct the power factor to 1 if placed in paral-
lel with the two loads. Recompute the values
in (b) for the load with the corrected power
factor.

| P@ Cac tor
9>0 @70
P
(P \eqd{r\g Pow e
Y TACts

SOLUTION

a) All voltage and current phasors in this prob-
lem are assumed to represent effective values,

B * N .._.n.--:k: . b

\5: ._%-\1 3 = Very -:Eﬁ@—f,‘

Load 1

AVeraqe  power £ =8 Kw
=8 00D \K/

leading  power Lactor 0,9
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- b) The apparent power which must be supplied
‘07— | to these loads is

pYPY . F.Dl
2 | | 9‘5{ ﬁil
| 2 =V,
o 5
0.6 =2 = L =\1 000 l |
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A an aduc Lo

J) = X(f o) = sin (£=) Voltage leads the currens

lucrent lags  the CMCreat

N | P»\QSQ di‘-@-‘(efer’\ce bC{W-Eeq
! Vol t aqe  andl

Currend
LS 390‘

) ({) = Cos ¢
V({): COﬁCé—SOO)

ln @ Capacrtor

[aqs the Cucrent
Current ,6‘30'5 the Cucfent

dha Se O‘U?F?-Feﬂca

’oe-éween.
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eleME’/\ 'E_S .

<2Ff 1) ]
L -
K- _ ‘\/5 - 750 (oS (:;’"ooot-l—fio)
il
\/S o l K = %o.ﬂ_
L-—- 32!‘?’\"‘:321'5 H
-6
C =syfe=Sxo K
\X e YAM D £ SO\VQ‘_ "(:\’\e CffCui‘k -FI'TJ{—

S o\ution :

P L AT

i

73
Jw bl = Jx5©00 % 32xi° "= I lbon =17,

l .
— — ) 40 U

J;LS-DDO,( leﬂhé

_aco cos(socs t130) = Y = 7S5° /32 =350 €

D —E
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[@\—%&31[63»\-\03} -[q+\oa3zﬂ—~'~353 = a +b "IQ‘”‘“*’/
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Y :Y’* :\X\

Power for L Pr=_1wv 1 Vi= 20T
()-lvw,-— L1, ¥ B e IL.L bo 5 \
L-QL-L-"ZLL- L — 2 L{L':ZJ/O5"‘2OOO_\

POW-&(‘ —F’D(’ < Pc.'_:’jivc_,—-[(f V(__. %‘:_,FI(-_

- s v
‘D¢ s ..-—-;- Va_ Ic i -—Q‘: %CEC. Sq_’ :‘% %L\XC\:—QI:(-JQ::) 5-1 $00)
Power For the Valtoge Iowrce
B fno _313,{)*
F ) 350 € S

33%(Ls e -
_ l‘}go e -
= Z
)§34 \g}ffcos s 3.4 —-(—_)Slﬂs—giﬂ

TO {Q\ Powe.f

- ; - 4 {fooy
PF’--&PL-\-\OC,: 4425+2000J*§°°J:/415 T :

Py = --447.5‘-*-\'3’005
{( Pfl*f’p*f) !"L ?05 —j
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VoA YA
Cos (6u-8()= L P= —%
S\r\(eu-—ei) - @: O
Co S ‘-'300::0 P:O
~ Vi §
= A — k.
Pz ms
P = O

_p :,M-S‘M Cos C@v *9!1)

a) Calculate the average power and the reactive e

power at the terminals of the network shown

in Fig, 10.6if . (P - Una T~ Sin( O - =} )

v = 100 cos(wt + 15°) V, C
i =4sin(wt — 15°) A.

b) State whether the network inside the box is
absorbing or delivering average power.
1

c) State whether the network inside the box is P = =(100)(4) cos[15 — (—105)] = —100 W,
absorbing or supplying magnetizing vars. ¥

@\/:130 —@}:_705‘0

I 0 = -;-100(4) sinf15 — (—105)] = 173.21 VAR..

+

v
- of terminals used 16F calculating power. b) Note from Fig. 10.6 the use of the passive sign
A pair of terminals used of caloulating bt i convention. Because of this, the negative value
G of —100 W means that the network inside the
~ SOLUTION box is delivering average power to the termi-

sin(X)= €O5 (X_SO) . .

| c) The passive sign convention means that, be-
- ~ ~ Cos(w é~15S—%0 ) cause Q Is positive, the network inside the box
21 ( wt-1s ) ( ¢ E 1s absorbing magnetizing vars at its terminals.

: i = 4cos(wt — 105°) A.

————
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o e e e I




' 10.3 + The rms Value and Power Calculations - E P4
X(t) :

X = = /»—\ X (1) =Xm Co5 th—t_@)
X

a-hr-,,.m_h*i
i

M = MaX MU~ Valu e

=
[
- ey, -

X
§ XC? = — €f—(€c£iug Vqlu(
' /2]

(10.21)

and, by similar manipulation,
(10.22)

B

Q = VesiIess sin(6y — 6)-

a) A sinusoidal voltage having a maximum am-

plitude of 625 V is applied to the terminals of
a 50 2 resistor. Find the average power deliv-
ered to the resistor.

b) Repeat (a) by first finding the current in the
resistor.

SOLUTION

a) The rms value of the sinusoidal voltage is
625/+/2, or approximately 441.94 V. From

™\ V)= VUm CO}CW'(‘{"’()

,Q):yf Cos(w t+ « )

Ov-0i= X~ =0
- 3906.25 w

f
= ”"?6

2.#"-"‘
P _\Im'gM Ve Vi /R _§25:” é,_ ?

|

Vs e

7N I

- | = 233806.25 w
"':VCH' Ve £{ -—-’\Z: (‘4/17‘45 4)2' So

: :
. ‘_
ll'-h__;"; _ e ———————————r— | e e




_'!_0.4 ¢ Complex Power

S=P+jQ.

[ B T,
PE—

€ @mplex power

~Reactive power

.....

O = reactive power

P

APPARENT POWER

—_——

-_—
- —

= average power

A power triangle,

(

lem/z) Sil‘l(@u - 9:')

(

Vindm/2) cos(6, — 6;)

. Sty 1 - R o S e L 1 - AT EH - 2
s ST R . L 3 ...-.'='i - P :'.._;-n-_'."' :-|.-1.-. T . .o . . = ‘- ol e
= i -":'-'.. . ) ’ % T e '.-'.-'. 5 . -_ 1 - . . K .'.-'- j .- ) .
 H . i . e T ER R, R E_ 3 T i R : Y. . " ey R Sl )

: ] - " Sy . i ety AT Lo ieeat BT i hands el ; . i

e R F: I A L L .1.\5" T e '..l'l'.lll o - -

. - E T L - . -

: o Hlr i 7 TR PR '
- - 3 P

= tan(8, — 6;).

|\
e
O
S

A
Li

I'ms current of 120/144, or 0.833 A~ The

_ 9.833J§, or 1,18 A

R

3.7 SR

12 0 #t

—_—

_—
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EXAMPLE 10.4 | E\Dé

5 ——
el

An electrical load operates at 240 V rms. The load }
absorbs an average power of 8 kKW at a lagging "

factor of 0.8.
power factor o | v — } ‘ I'-

a) Calculate the complex power of the load.
b) Calculate the impedance of the load.

SOLUTION et

— |

’

= T
" ey T T e ey R L anma et g - - i I O
- R T L L e P U Lyl L s ,-._;;.--_,;-;:-'_-:‘.:’.-‘:.',—,-,- PR I TR ’
i e D L A e LR AT T i
L o i, wy :__.__-kﬁ._Eg_:!
[ N - L i " E.‘:'P".' L
AT e Sl M e S, o 5 e TR
L i S Hi Aty i I Kttt s T
BT e E T :" e A
= b e e A e P T N P

240 s = Vepr=2 40 44 6%

I_Iii\\fe(cugq__ power e :8km:}fooow

kaaa\ns LPOWQ!" -?Q( -':{}r Ol?

P = |S|cos®, e & T 8 ( O, 3 +d 0. ¢ )

Q = |§]|siné.

Now, because cos8 = 0.8, sing = 0.6. Thére- % —_— Zf é of l + ‘j 3! Zf‘ j’—

fore

P 8 kW

S| = —— = - '
151 cos 6 0.8 MR,

Q = 10sin6 = 6 kVAR,

and
S =8+ j6 kVA.

b) From the computation of the complex power

of the load, we see that P = 8 kW Using
Eq. 10.21,

P = Ve Iost cos(6, — 6;)
= 8000 W.
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P ower CQ\CU\O&";‘\OF\_S ~

(f‘:'P]r
S =0+
S = szlm cos(6, — 6;) 4 jv"';m sin(8, — 6;)
Vil
S~ [cos(6, — 6;) + j sin(6, — 6;)]
=V’"[ J(Bv—6;) __ 11/1 /(9 0; l J(ev B @;J
Pk mfl0% =0 = LY
o —_EEZ | 9 N Im €
Y Ov
_ 1y . -) ©i
= 5 Vm & T
e s =4yt
V - f -
pe s '*L____ s 3 yx\ X J X
'\RO‘J’*\)‘“Q" > (6 ) > &
EXomple V=400 Cds(w{-/-/j“) - Tz 4 Cos(wt ~igs
Jig Y-y '
! — Joo & _:_[_—'"—"‘ 4 & I*:l/. 6"1-_)!05'
_ 4 s J /oy j 12
Se3V Izdooe 4 Tl &'
2
N2O
- _ZOO e = 206 ZCD‘S {20 ) SN ’20]

— 200 i_ots ~+ ) O‘Sééj

— ~{00 +J3 123 .2

P =-{ OO \X/qu (CA ¢ € Ve ‘PO wer‘/ QvVeraqe power)

QT—‘-— I 13, A \/AQ <Veac {{ue |OOW‘r)

5 =~ jo0 =+ ) m*sl{ COMplex \Oowe_[‘
5\_/400 +1332% = 700" = AP Pea rent Pou_/{(—




In the circuit shown

in Fig. 10.13, a load having
J26 Q is fed from a voltage
having an impedance of 1 +
Or rms, value of the source

an impedance of 39
source through a line
J4 Q. The effective,
voltage is 250 V.

a) Calculate the Joad current I, and voltage v; .

b) Calculate the avera

livered to the load.

c) Calculate the avera
livered to the line,

d) Calculate the averag
plied by the source.

g¢ and reactive power de-
g¢ and reactive power de-

€ and reactive power Sup-

10 Ja 0

Ry - ey i

T 2
so_g_t_}__r__mu o { (33 +yv2( (54 +£/a2‘f)
— 2
_ >I-5 -250 /=354
+ ¥ I zé) 2 ©
_ — — (1a +)
QVS éz./z _\/__:355, cos(wt‘w) - < ( ’
:’SS‘QC’JO = 935 t3 650

Z2=((+44) +( 33+)2¢)

= 4o +330

L

I}
(N

3) |
e

N

)

r'-s.

~~

S ese e S= 5V If:lum). I, It
B | < 2 \. e
) -
. ; |
/41bo — 4 (0 620 i 101 = co
: -
t e 100
ceeT : Ssz("“)éf)So._-lg"\"J O
I 2
E - p= 29 Watt
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: v T 2:‘5+43
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L 5@\\4{\0/\ 5____5_\/ '*
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- -F_ 1 i
P o= (PIY | v-as
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4 | = (g +43 & +3)
M L} T =244y 2( )\
_ O +75)
_* :{(3*53)15'/0

V== 1
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¥ V|
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- - T ] £EX a wele: Calculate Powrer Feche
L
- \3 + 43| 3 37‘-7‘-91__ 25
B (8—#65)* g-65  ¥-40 2= 0415 ]
_ s s( §+63) 200 +159) I D I“‘zg}-_f-wg“
(8-63)(5+45)  §+L° °n C=p 2efzy /0
‘ O =56,3°
\]) 4 cosS9=0,55 _:r’(jaw&rT fe¢for -
" @ E Xaneie Cﬂ\Cu\\th Powr [acfo,-
=1 QD:1.§ Lo Ww=199009
QL =04+
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