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Introduction

Our effort in ac circuit analysis so far has been focused mainly on cal-
culating voltage and current. Our major concern in this chapter is
power analysis.



Instantaneous Power and Average Power

The instantaneous power (in watts) is the power at any instant of time.

p(t) = v(1)i(1)

[t 1s the rate at which an element absorbs energy.

o v(f) = V,, cos(wi + 8,)
. . + Passive con .
Sinusoidal o(f) linear i(ty = I, cos(wt + 8;)
source
- network

where V,, and [,, are the amplitudes (or peak values), and #, and 6; are
the phase angles of the voltage and current, respectively. The instanta-
neous power absorbed by the circuit is

p(t) = v(ni(t) = V, I, cos(wt + 8,) cos(wt + 6))



Instantaneous Power and Average Power

p(t) = v(ni(t) = V1, cos(wt + 8,) cos(wt + 6,)

We apply the trigonometric identity

1
cosAcosB = ;[msm — B) + cos(A + B)]

and express

1 1
pir) = 5 Tl €Os(8, — 8;) + ;V,,,f,,, cos(2wt + 6, + 6,)

This shows us that the instantaneous power has two parts. The first part
is constant or time independent. Its value depends on the phase differ-
ence between the voltage and the current. The second part is a sinu-
soidal function whose frequency is 2w, which is twice the angular
frequency of the voltage or current.
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pir) 4

/
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‘,--"”'FE

Vil cos(f,—8;)

0

When p(t) is negative, power 1s absorbed by the source; that is,
power 1s transferred from the circuit to the source. This is possible

because of the storage elements (capacitors and inductors) in the
circuit.
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Instantaneous Power and Average Power

The average power, inwatts, is the average of the instantaneous power
over one period.

Thus, the average power is given by

1 [
P=—| p(t)dt
T | e
0
P—l-jlvl,, b e I .~T]; j
= - ) 5 Vmim cos(6, ;) f+? ! EL”JL”CDS{-wr + 6, + 8,)dt
]Vf cos(# B}] I‘Tdr +]1rf | Jﬂr (2wt + 6, + 8,) dt
T2 WWe iy i 5 o :
2 m-m L i T 2 |, T co o {

“0 "0
mim

1
P = 5 fd €OS(8, — 8,)

Since cos(f, — 6;) = cos(6; — 6,), what is important is the difference
in the phases of the voltage and current.

Note that p(f) is time-varying while P does not depend on time.



Instantaneous Power and Average Power

L

1
P = 2 "ol cOS(8, — 8,)

The phasor forms of v(f) and i(f) are V = V,,,/8, and I = [,/ 6. respectively.
To use phasors, we notice that

1 1 .
—VI* =V, I,/0, — 6;

e m

1
= EL" I [cos(8, — 8;) + jsin(B, — 6,)]

1 1
P = Re[VI] = —V,,I,,cos(®, — 6)




Instantaneous Power and Average Power

1 1
P = Re[VI¥] = —V, [, cos(6, — 6)

Consider two special cases

When 6, = 6,, the voltage and current are in phase. This implies a purely resistive circuit or resistive load R, and

1 1 _l 5
P =Eﬁ‘mfm - E‘JH:R - 2|l| R

where |1|* = T X I*. a purely resistive cir-cuit absorbs power at all times.
When 8, — 6, = =907, we have a purely reactive circuit, and

I _
P =Vl c0s90° = 0

showing that a purely reactive circuit absorbs no average power.

A resistive load (R) absorbs power at all times, while a reactive load
(L or C) abscrbs zero average power.



Instantaneous Power and Average Power

Given that
v(t) = 120 cos(377t + 459V and  i(t) = 10 cos(377¢t — 10%) A

find the instantaneous power and the average power

Solution:
The instantaneous power is given by

p = vi = 1200 cos(377t + 45°) cos(377t — 10°)

Applying the trigonometric identity

1
cos Acos B = E[CDS(A + B) + cos(A — B)]

gives
p = 600[cos(754t + 35°) + cos 55°]
or
p(f) = 344.2 + 600 cos(754t + 35°) W

The average power is
1 1
P= EV,HI,H cos(f, — 6;) = 5 120(10) cos[45° — (—107)]

= 600 cos 55° = 344.2W

which is the constant part of p(f) above.

Example 11.1



Instantaneous Power and Average Power

Calculate the average power absorbed by an impedance Z = 30 — j70 () Exa mple 11.2
when a voltage V = IZOE is applied across it.

Solution:
The current through the impedance is
\% 120& IZDE

=== = = 1.576/66.8° A
Z 30—470 76.16/—66.8°

The average power is

1 1
P= EH,,L” cos(f, — 6;) = 5(120)(1.5?6) cos(0 — 66.8°) = 37.24 W



Instantaneous Power and Average Power

Example 11.3
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Figure 11.3
For Example 11.3.

For the circuit shown in Fig. 11.3, find the average power supplied by
the source and the average power absorbed by the resistor.

Solution:
The current I is given by

5/30° 5/30°
4— 2 4472/-2657°

I = = 1.118/56.57° A

The average power supplied by the voltage source is
1
P = 5(5)(1.118) cos(30° — 56.57°) = 2.5 W

The current through the resistor is
I, =1=1.118/56.57° A
and the voltage across it is
Vi = dlp = 4.472/56.57°V

The average power absorbed by the resistor is
1
P = 5(4.4?'2)(1.1 18) = 25W

which is the same as the average power supplied. Zero average power
is absorbed by the capacitor.



Instantaneous Power and Average Power

Determine the average power generated by each source and the average
power absorbed by each passive element in the circuit of Fig. 11.5(a).

Solution:

We apply mesh analysis as shown in Fig. 11.5(h). For mesh [,
I, =4A

For mesh 2,

(710 = jS)L, — j10I, + 60/30° =0, I, =4A
or
SL, = —60/30° + j40 = L= —12/—60° + &
= 10.58 /79.1° A

For the voltage source, the current flowing from it is I, = 10.58 L-"T-";'.l“ A
and the voltage across it is 60 /30° V, so that the average power is

1
P; = ELGGJ{ID.SS} cos(30° — 79.1%) = 2078 W

Following the passive sign convention (see Fig. 1.8), this average power
is absorbed by the source, in view of the direction of I, and the polarity
of the voltage source. That is, the circuit 1s delivering average power to
the voltage source.

For the current source, the current through it is I, = 4 E and the
voltage across it 1s

V, = 201, + j10(I, — L) = 80 + j10(4 — 2 — j10.39)
183.0 + j20 = 184.984 /6.21°V

4/0° A (ﬁ I

Figure 11.5

Example 11.4
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Instantaneous Power and Average Power

The average power supplied by the current source is

P = 1(134.984}[4} cos(6.21° — 0) = —3678 W

1= Ty
It 1= negative according to the passive sign convention, meaning that
the current source is supplying power to the circuit.
For the resistor, the current through it1s 1, = 4 i-"{]'“ and the voltage
across 1t is 201, = Sﬂiﬂ", 50 that the power absorbed by the resistor is

1
P, =—=(80)4) = 160 W

For the capacitor, the current through it 15 1, = 10.58 L-'“T'll“ and the volt-
age across it is —j5I; = Lﬁi—‘}[}“}{lﬂ.ﬁﬁf?ﬁ.l"} = 52.9{"?9.1" — 00",
The average power absorbed by the capacitor is

Py= 1{52.':'1'}{1{}.58} cos(—90%) =0

A
2

For the inductor, the current through it s I, — L, =
2 —jl:’,}.?ﬂ;‘ = 1{}.58{’—?‘;‘.1“. The voltage across it 1 jIO, —15)=
ID.SSE-'—?';'.1°+ 00°. Hence., the average power absorbed by the
inductor is

1
Py, = ELIDS.S}{I{}.SSJ cos 0P =0

Notice that the inductor and the capacitor absorb zero average power

and that the total power supplied by the current source equals the power
absorbed by the resistor and the voltage source, or

Pi+P,+ P+ P+ P;=-367T8+1604+0+04+2078=10

indicating that power is conserved.



Maximum Average Power Transfer

Consider the circuit in Fig. 11.7, where an ac circuit is connected
to a load Z; and is represented by its Thevenin equivalent. The load is
usually represented by an impedance, which may model an electric

motor, an antenna, a TV, and so forth.

_l:
In rectangular form, the L
Inear
Thevenin impedance Zy, and the load impedance Z; are circuit Zy
. i
Ly, = Ry + j X1y
ZL — RL + _,’XL r‘ﬂ}
The current through the load is Loy _‘r_
| s
I = Von Vo
L, +Zp  (Rpy + jXm) + (R + X)) Vm (2 Zy
the average power delivered to the load is -
r 2 (b)
P = l|I|3RL _ |"T}h| RL/2 Figure 11.7
2 (R, + Ry + (Xqp, + XL)Z Finding the maximum average power

transfer: (a) circuit with a load, (b) the
Thevenin equivalent.

Our objective is to adjust the load parameters R; and X; so that P is
maximum. To do this we set aP/oR; and aP/aX; equal to zero.



Maximum Average Power Transfer

Setting dP/0X; to zero gives

X = —Xm, (11.17)

and setting dP/dR; to zero results in

R, = VRH + (X + X1 (11.18)

Combining Eqgs. (11.17) and (11.18) leads to the conclusion that for max-
imum average power transfer, Z; must be selected so that X; = — X4y,
and RL = RT]], Le.,

Z; =Ry + jXp = Ry, — jXm, = Z'y, (11.19)

For maximum average power transfer, the load impedance Z, must
be equal to the complex conjugate of the Thevenin impedance Zy,.

This result is known as the maximum average power transfer theorem
for the sinusoidal steady state. Setting R; = Ry, and X; = —Xpy, in
Eq. (11.15) gives us the maximum average power as

_ [Von|?

max
S8R

P (11.20)




Maximum Average Power Transfer

In a situation in which the load is purely real, the condition for
maximum power transfer is obtained from Eq. (11.18) by setting
X; = 0; that is,

R = VRin + Xin = |Zm| (11.21)

This means that for maximum average power transfer to a purely resis-
tive load, the load impedance (or resistance) is equal to the magnitude
of the Thevenin impedance.



Maximum Average Power Transfer

Example 11.5

Determine the load impedance Z; that maximizes the average power

drawn from the circuit of Fig. 11.8. What is the maximum average

power?
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Figure 11.8
For Example 11.5.

Solution:

First we obtain the Thevenin equivalent at the load terminals. To get
L., consider the circuit shown in Fig. 11.9a). We find

, , . 48 — j6) . .
Zpy =75+ 4|8 —j6)=j5+ m = 2933 4+ 446702
40 jsQ 40 isq
Wiy L1TA 0 M Ik o
L [ ¥
ji_s “ v (E j"_E . Vo
—j6 L2 ‘ —j6 52 B
T ) T .
i) (b
Figure 11.9

Finding the Thevenin equivalent of the circuit in Fig. 11.5.

To find Vo, consider the circuit in Fig. 11.8(b). By voltage division,
8 —jb

Vi = ————(10) = 7.454/-10.3° V
m 4+3—;‘5{ ) L

The load impedance draws the maximum power from the circuit when
Z; = Zq, = 2033 — j4467Q
According to Eq. (11.20), the maximum average power is

CVal? (745472

P = = = 2368 W
max T R 8(2.933)




Maximum Average Power Transfer

In the circuit in Fig. 11.11, find the value of R; that will absorb the

maximum average power. Calculate that power.

Solution:
We first find the Thevenin equivalent at the terminals of R;.

j20(40 — j30)

Ly, = (40 — j30) || j20 = = 0412 + j22.35()
™ = ( J30) || j 720 + 40 — 730 j22.35

By voltage division,

| j20
Vi, = 150/30°) = 72.76/134° V
™20 + 40 — j30( )

The value of R; that will absorb the maximum average power is

Ry = |Zpy| = V0.412° + 22357 = 2425 Q)

The current through the load is

Voin 72.76,/134°
= = 1.8/100.42° A

[ = —
Zo, + R, 33.66 + j22.35

The maximum average power absorbed by R; is

1 1
Po = §|1|2R_,L = 5(1.3)1(2,4.25) = 3020 W

Example 11.6
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Figure 11.11
For Example 11.6.



Effective or RMS Value

The effective value of a periodic curent is the dc current that deliv-

ers the same average power to a resistor as the periodic current.

lgg=/= | dt Ve=./—| viat
TNT e =\T
0 ‘0
o . . o) () =R
This indicates that the effective value is the (square) roof of the mean =/ =
(or average) of the square of the periodic signal. Thus, the effective
value is often known as the root-mean-square value, or rms value for
short; and we write (@)
I
lfcj't' - lfrm.-h Vct't' = Vrm:; _Eﬁ....
+ -
e | o Verr == s R
For any periodic function x(7) in general, the rms value is given by - 1
{ l T {h’]
X, . =./—| xdt Figure 11.13
' \. T 0 Finding the effective current: (a) ac circuit,
(b) de¢ circuit.




Effective or RMS Value

For the sinusoid i(f) = I, coswt, the effective or rms value is

(7
‘,m]r; == J 1’%; CDS‘Ewr dt
VT

("1 L,
=, J —(1 + cos 2wt) dt = ——
N1 2 V2

Similarly, for v(f) = V,, coswt,

The average power in Eq. (11.8) can be written in terms of the rms
values.

P—lv;~(9—ey—m’%~(9—9)
- 2 mdm COST, [ \(},5 _\;_.E Costty, I

= Vs Lomns COS(B, — 6,)

(11.30)



Effective or RMS Value

Similarly, the average power absorbed by a resistor R in Eq. (11.11)
can be written as
Vi

P = 'rfm‘:R =
' R

(11.31)

When a sinusoidal voltage or current is specified, it is often in terms
of its maximum (or peak) value or its rms value, since its average value
is zero. The power industries specify phasor magnitudes in terms of their
rms values rather than peak values. For instance, the 110 V available at
every household is the rms value of the voltage from the power com-
pany. It is convenient in power analysis to express voltage and current
in their rms values. Also, analog voltmeters and ammeters are designed
to read directly the rms value of voltage and current, respectively.



Effective or RMS Value

Determine the rms value of the current waveform in Fig. 11.14. If the
current is passed through a 2-{) resistor, find the average power absorbed

by the resistor.

Solution:

The period of the waveform is T = 4. Over a period, we can write the

current waveform as

) 5, 0<<r<2
I =
—10, 2<t<4

The rms value is

17T A7 =
loms = \,-"—J i*dt = \—“ (5t)° dt + J (—10y° dr]
T, 4L 2
Nr__21? 4 1200
= [—|25—| + 100¢| | =./-|— + = 8.
\4[25 100 ] \|4( 200) 8.165 A
[ < 2 o 2 ' .

The power absorbed by a 2-{} resistor is
P=1> R =(81657%2) = 1333 W

rmns

Example 11.7
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v

-10 -

Figure 11.14
For Example 11.7.
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Effective or RMS Value

Example 11.8

vt A

10~
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Figure 11.16
For Example 11.8.

The waveform shown in Fig. 11.16 is a half-wave rectified sine wave.
Find the rms value and the amount of average power dissipated in a
10-€) resistor.

Solution:
The period of the voltage waveform is 7' = 27, and

o(t) = 10 sint, 0 < t < 71
0, T <t < 27

The rims value is obtained as

. 1T, NP, 7
V].,m=—J V(1) dt = J (ll}smr)“errJ 02 dr
T o 2w b i

But sin’t = %(1 — cos 21). Hence.

Vo == |20~ cosanydi = ﬁ(r - Si“m)
ms T o Jﬂ 2 €08 2 2

kI

0

—ﬂ( —1'2 —0)—25 Vims = 3V
=5 ™ > sin 277 = 25, s =
The average power absorbed is
meﬂ: 52
P=——=—=25W

R 1



Apparent Power and Power Factor

vty =V, cosiwt + 8,)

i(fy = I, cos(wt + 8,)

or, in phasor form, V =V, & and I = [, @ the average power is

1
P= ?Vm‘rm cos(d, — 6;)

P = "’;rmr\frm:: CDS{&:&' - Ej;’ =5 CDR{Q;_- - 9;}

We have added a new term to the equation:

S = li’}I-rlf'.l'.l."s Irm:;

The average power is a product of two terms. The product V. [ 18
known as the apparent power 5. The factor cos(8, — 6;) is called the

power factor (pf).



Apparent Power and Power Factor

The apparent power is so called because it seems apparent that the power
should be the voltage-current product, by analogy with dc resistive cir-
cuits. It is measured in volt-amperes or VA to distinguish it from the
average or real power, which is measured in watts. The power factor is
dimensionless, since it is the ratio of the average power to the apparent

power,

P
pf = 5 = cos(6, — 6) (11.36)

The angle 6, — 8; is called the power factor angle, since it is the
angle whose cosine is the power factor. The power factor angle is equal
to the angle of the load impedance if V is the voltage across the load
and I is the current through it. This is evident from the fact that

vV Vu/b v, V
7=—=—m=="T/ —g _ Yo _ o
1 1,/6 1,22 L6 — 6

Iy

JFt’lT.I.‘~» .

The power factor is the cosine of the phase difference between volt-
age and cument. It 1s also the cosine of the angle of the load iImpedance.



Apparent Power and Power Factor

Example 11.9

Solution:
The apparent power is

§ = Vrmr;frm:; = \/

The power factor is

A series-connected load draws a current i(7) = 4 cos(1007t + 107) A
when the applied voltage is v(f) = 120 cos(1007t — 20”) V. Find the
apparent power and the power factor of the load. Determine the ele-
ment values that form the series-connected load.

4
— = 240 VA

V2

pf = cos(6, — 6;) = cos(—20° — 10°) = 0.866 (leading)

The pf is leading because the current leads the voltage. The pf may
also be obtained from the load impedance.

v 120/-20°

Z:—:
| 4

= 30/-30° = 2598 — j15 Q)

pf = cos(—30%) = 0.866 (leading)

The load impedance Z can be modeled by a 25.98-(} resistor in series

with a capacitor with

- C =

| 1 1

= — 2122 uF
wC 150 15 X 1007 H



Apparent Power and Power Factor

Example 11.10
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-

Figure 11.18
For Example 11.10.

40

Determine the power factor of the entire circuit of Fig. 11.18 as seen
by the source. Calculate the average power delivered by the source.

Solution:
The total impedance is

_ —j2% 4 _
Z=6+4|(=2)=6+——— =68 —il.6=7/—1324°Q
| (—=72) - J /

The power factor is
pt = cos(—13.24) = 0.9734 (leading)

since the impedance is capacitive. The rms value of the current is

Vo 30/0°
I = - = = 4.286/13.24° A
Z 7/—13.24°

The average power supplied by the source is
P =V ol pf = (30)4.286)0.9734 = 125 W
or
P =1I.R = (4286)°(6.8) = 125W
where R is the resistive part of Z.



Complex Power

it contains all the information pertaining to the power absorbed by a
given load.

|
S = VI —
2 o
+
Ny = 1\'FrmnI:Lt:mra‘ v Load
rA
where
.. A , © —
Vims = ﬁ = Vrmtn_.-"' 0.
and
| ,
IJ'J]]S = "\j = ;J'Jﬂ.\ii&
Thus D= i’ﬂ']l‘lhfj'll'l.x_.";’gl' - H:'

= i'J’t’n]a'!‘rt'n]:u CDS{HL‘ - 9:} + jvnmfnm Sin{ﬁp — H,-]'

the magnitude of the complex power is the apparent

power; hence, the complex power is measured in volt-amperes (VA). Also,
we notice that the angle of the complex power is the power factor angle.




Complex Power

S = I =

rms

L)

rms

. *
=¥ I'ms Il'm::

S =1

ms(R +jX) = P + jO

P = Re(s) = IFEL'J'.I.\R

0 =Im(S) =I12..X

P=V_.I..cos(fB, —8), e,

P is the average or real power and it depends on the load’s resistance
R. ©Q depends on the load’s reactance X and is called the reactive (or

quadrature) power.

rms

where P and () are the real and imaginary parts of the complex power

Iij.m_x Siﬂ{Ht, - H!]



Complex Power

The real power P is the average power in watts delivered to a load; it
is the only useful power. It is the actual power dissipated by the load.

The reactive power ) is a measure of the energy exchange between the
source and the reactive part of the load. The unit of O is the volt-ampere
reactive (VAR) to distinguish it from the real power, whose unit is the
watt. We know from Chapter 6 that energy storage elements neither dis-
sipate nor supply power, but exchange power back and forth with the
rest of the network. In the same way, the reactive power is being trans-
ferred back and forth between the load and the source. It represents a
lossless interchange between the load and the source. Notice that:

1. Q@ = 0 for resistive loads (unity pf).
2. Q < 0 for capacitive loads (leading pf).
3. Q > 0 for inductive loads (lagging pf).

Complex Power =8 = P + jQ = Vel L) ®

= |‘1"rrm5| |]rms .-_'"IIEL' — 8

Apparent Power = § = |S| = |Vind [lnd = VP? + Q7 | This shows how the complex power contains all the relevant power
Real Power = P = Re(S) = S cos(8, — ;) information in a given load.

Reactive Power = 0 = Im(S) = S =n(f, — 8,

P
Power Factor = E = cos(f, — )




Complex Power

la) (b)
Figure 11.21

(a) Power triangle, (b) impedance triangle.

Im A
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+( (lagging pf)

8,— 6,

Figure 11.22

Power triangle.

oy

—( (leading pf)




Complex Power

The voltage across a load is v(f) = 60 cos(wt — 10°) V and the current Example 11.11
through the element in the direction of the voltage drop is i(f) =
1.5 cos(wt + 50°) A. Find: (a) the complex and apparent powers,
(b) the real and reactive powers, and (c) the power factor and the load

impedance.

Solution:

{a) For the rms values of the voltage and current, we write

_ 60 15
Vo = —— /108, L, = —2 /450°
vk Vo

The complex power is

-V o _ ﬂ.—’ i’ ol = a5/ 7
S = Vislims = (15 f— 10 ol —50% ) =45/ -60° VA
The apparent power is

S=1|5|=45VA

(b) We can express the complex power in rectangular form as

S = 45/—60° = 45[cos(—60°) + j sin(—60°)] = 22.5 — j38.07 (c) The power factor is

Since 8§ = P + jQ). the real power is pf = cos(—60°) = 0.5 (leading)

P=225W
while the reactive power 1s 7 — v _ ﬁﬂf‘ﬂ
0 = —38.07 VAR 1.5/+50°

which 1s a capacitive impedance.

It is leading, because the reactive power 1s negative. The load impedance is

= 5-'“—6[!" Q



Complex Power

EXE[T]D'E 11.12 A load Z draws 12 kVA at a power factor of 0.856 lagging from a
120-V rms sinusoidal source. Calculate: (a) the average and reactive pow-
ers delivered to the load, (b) the peak current, and (c) the load impedance.

Solution:

(a) Given that pf = cosf = 0.856, we obtain the power angle as
§ = cos ' 0.856 = 31.13% If the apparent power is § = 12,000 VA,
then the average or real power is

P = Scos@ = 12000 x 0.856 = 10272 kW
while the reactive power is

Q= Ssmd = 12,000 x 0517 = 6.204 kVA

(b) Since the pf iz lagging, the complex power is (c) The load impedance

S=P+;0 = 10272 + ;6.204 kVA v 12{}£{}°
- : Z=—"= ———— = 1.2/31.13* 0
From 8§ = V_.I,.. we obtain L. 11][!{—31.13':' L
I = S _ 10,272 + 76204 = 85.6 + 51T A = 100/31.13° A which 1s an inductive impedance.

Vims IZGE
Thus I, = 1ﬂﬂ£—31.13° and the peak current is
[,= V20 . =2100)= 1414 A



Complex Power

Example 11.13

Figure 11.24 shows a load being fed by a voltage source through a

transmission line. The impedance of the line is represented by the
(4 + j2) ) impedance and a return path. Find the real power and reac-
tive power absorbed by: (a) the source, (b) the line, and (c) the load.

Solution:
The total impedance is

L=44+2)+(15—;10)=19—j8 = 2ﬂ.62£—22.83°ﬂ

The current through the circuit is

v 220/0°
[ = = = —
£ 2ﬂ.62£—22.33°

= 1G.6?£22.S3° A rms

{a) For the source, the complex power is

S, = V,I* = (220/0°)(10.67/—22.83%)
= 2347.4/—22.83° = (21635 — j910.8) VA

From this, we obtain the real power as 2163.5 W and the reactive
power as 910.8 VAR (leading).

(k) For the line, the voltage is

Vipe = (4 + 7211 = (4472 f‘ffﬁ.STDJ{1D.6?£22.83°J
= 47.72 i-"49.4':' V rms

The complex power absorbed by the line 1s

Stine = Ve l® = (47.72 i-"49.4°}|;1'|lﬁ?' 5-"—22.83”;1

= 509.2 i-"Eﬁ.ST" = 4554 + j22T.T VA
That is, the real power 1s 435.4 W and the reactive power 1s 227.76
VAR (lagging).
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Figure 11.24
For Example 11.13.

(c) For the load, the voltage is

V=015 =100 = {1S.DBL-’—F}.T”J{1D.6?£22.33°}

192,38 i-"— 10,87 V rms

The complex power absorbed by the load 18

S, =V, I*F = LI'QI'E.E'ISL-"—lﬂ.ST"’}[lD.ﬁTf’—EE.SS"J

= EEI'S?{"—E&S.?‘:' = (1708 — j1139) VA

The real power is 1708 W and the reactive power is 1139 VAR
(leading). Note that §; = 8j,. + S;. as expected. We have used the rms
values of voltages and currents.



Complex Power

EXGITID'E 11.14 In the circuit of Fig. 11.26, Z; = 60/—30° () and Z, = 40/45° ().
Calculate the total: (a) apparent power, (b) real power, (c) reactive
power, and (d) pt, supplied by the source and seen by the source.

Solution: A
The current through Z, is —
v o 120/10° th
=0 =———=2/4F Ams
Z, 6{}i_—3{}° — 120/10° V rms “C_*j |::| Z, |:
while the current through Z, is [
v lfﬂi’l{}"
ILL=—= — = 3/-35"Ar .
2T 2 40/45° L e Figure 11.26

For Example 11.14.

The complex powers absorbed by the impedances are

V2 1207
SJ — rms __ { }

= 240 i-"—BD" = 207.85 — j120 VA

Zi  60/30°
S, = VET = (1207 = 360 /45° = 254.6 + j254.6 VA
Z;  40/-45 —
The total complex power 1s
S, =8, + 8, = 4624 + 1346 VA (d) The pf = P,/|S,| = 462.4/481.6 = 0.96 (lagging).
(a) The total apparent power is We may cross check the result by finding the complex power S, supplied

by the source.

=1, + 1, = (1532 + j1.286) + (2,457 — j1.721)
=4 —j0.435 = 4024 /—6.21° A rms

S| = V46247 + 134.6° = 481.6 VA,

(h) The total real power is

C L——
P,=RelS) =424 Wor P, =P, + P.. S, = 1.r[j== {IEDL’E}H.DM /6.219)
(c) The total reactive power is = 482.83&16.21” =463 + j135 VA

O, = Im(S,) = 1346 VARor @, = O, + Q2. which is the same as before.
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