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11.5 ﬂ Apparent Power and Power Factor

v(t) = V,, cos(wt + 6,) (1) = I, cos(wt + 0;)

|
= Evmlm COS(HU o 01)

The apparent power (in VA) is the product of the rms values of volt-
S = Vool o age and current.

The power factor is the cosine of the phase difference between volt-

P
pE= s 008(0u: = &) age and current. It is also the cosine of the angle of the load impedance.




11.6

' Complex Power

Complex Power = S = P + jO =V ns(Lime)*
= |Vrms| IIrmsl/ 0, — 0,
Apparent Power = S = S| = [Vind [Lmd = VP? + Q2
Real Power = P = Re(S) = Scos(6, — 6))
Reactive Power = Q = Im(S) = Ssin(6, — 6,)

P
Power Factor = E = cos(6, — 6,)




11.5 - Apparent Power and Power Factor

A series-connected load draws a current i(7) = 4 cos(1007t + 10°) A
when the applied voltage is v(r) = 120 cos(1007rr — 20°) V. Find the
apparent power and the power factor of the load. Determine the ele-
ment values that form the series-connected load.



11.5 Apparent Power and Power Factor

A series-connected load draws a current i(7) = 4 cos(1007t + 10°) A
when the applied voltage is v(r) = 120 cos(1007rt — 20°) V. Find the
apparent power and the power factor of the load. Determine the ele-
ment values that form the series-connected load.

Solution:
The apparent power is

120 4
S=V, Jm =—=—==240VA
: V2 V2

The power factor is
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°
7 =—=—5——_-730/-30° = 2598 — 15 Q
I 4/10° /=30° J

pf = cos(—30°) = 0.866 (leading)
The load impedance Z can be modeled by a 25.98-(] resistor in series

with a capacitor with

1
Xe=—-15=——
o wC

or

1 1

= —
15w 15 X 1007

= 2122 uF



11.5 Apparent Power and Power Factor

Calculate the power factor of the entire circuit of Fig. 11.19 as seen by
the source. What is the average power supplied by the source?

Answer: 0.936 lagging, 2.008 kW.

10 Q 8 Q
—VWW AAA'A%

165,/0° V rms (j) 3,‘49 L _j6Q




11.5 Apparent Power and Power Factor

Calculate the power factor of the entire circuit of Fig. 11.19 as seen by
the source. What is the average power supplied by the source?

Answer: 0.936 lagging, 2.008 kW.

10 Q 8 Q
—AAM—T—AAMN.
165,/0° V rms (i) 3 A0 ==-j6Q
(8—j6) * j4
=1 — 11.88 + j4.4
2= 4= 88 + j4.47
165

I = 11.88 + j4.47 = 12.16 — j4.577 = 132 — 20.62

P = (165 * 13) cos(20.62) = 2008 Watt

Pf = cos(20.62) = 0.936



11.6 Complex Power

For a load, V,, = 110/85° V, I, = 0.4/15° A. Determine: (a) the
complex and apparent powers, (b) the real and reactive powers, and
(c) the power factor and the load impedance.

Answer: (a) 44/70° VA, 44 VA, (b) 15.05 W, 41.35 VAR, (c) 0.342
lagging, 94.06 + j258.4 ().



11.6 Complex Power

For a load, V¢ = 110/85° V, I, = 0.4/15° A. Determine: (a) the
complex and apparent powers, (b) the real and reactive powers, and
(c) the power factor and the load impedance.

Answer: (a) 44/70° VA, 44 VA, (b) 15.05 W, 41.35 VAR, (c) 0.342
lagging, 94.06 + j258.4 ().

S=VxI"=110485 % 0.42 — 15 = 15.05 + j41.35 = 44,70

P =15.05W Q = 41.35VAR

Pf = cos(70) = 0.342

V11085

I 04215

= 94 + j258.4




11.6 | Complex Power

A sinusoidal source supplies 100 kVAR reactive power to load Z =
250/—=75° Q). Determine: (a) the power factor, (b) the apparent power
delivered to the load, and (c) the rms voltage.

Answer: (a) 0.2588 leading, (b) 103.53 kVA, (c) 5.087 kV.



11.6 Complex Power

A sinusoidal source supplies 100 kVAR reactive power to load Z =
250{—'."5o (). Determine: (a) the power factor, (b) the apparent power
delivered to the load, and (c) the rms voltage.

Answer: (a) 0.2588 leading, (b) 103.53 kVA, (c¢) 5.087 kV.

Pf = cos(—75) = 0.2588

Q 100 * 103

S= o f = Sin(75) = 103.53 KVA

P=S xpf =103.53 x0.2588 = 26792 W

V =+vS*Z=,/103530(250) = 5.087 V
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