Electrical Circuit (2)

Average Power (week5 classl)

Dr. Akram Al-Mahrouk

Philadelphia University



11.8

11.4
1.5

11.6
1.4
11.8
11.9

1110

hapter 11 AC Power Analysis 457

Introduction 458

Instantaneous and Average
Power 458

Maximum Average Power
Transfer 464

Effective or RMS Value 467
Apparent Power and

Power Factor 470

Complex Power 473
TConservation of AC Power 477
Power Factor Correction 48T
TApplications 483

11.9.1 Power Measurement

11.9.2 Electricity Consumption Cost
Summary 488

Review Questions 490

Problems 490

Comprehensive Problems 500

Dr. Akram Al-Mahrouk



11.2 Instantaneous and Average Power

p(t) = v()i(r)

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

v(t) =V, cos(wt + 6,)
i(t) = I, cos(wt + 6,)

p(t) = v(@)i(t) = V,,1,, cos(wt + 60,) cos(wt + 6;)

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

1 1
p(t) = EV’"I’” cos(0, — 0, + EV,”L,, cos(Qwt + 6, + 6,)



11.2 Instantaneous and Average Power

1 1
p(t) = Evmfm cos(f, — 6;) + EV,HI,,, cos(Qwt + 6, + 0,)
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11.2 Instantaneous and Average Power
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11.2 Instantaneous and Average Power

|
P = Evﬂr!m CDS(HU - 61)

| 1 |
EVI}}: - Evm‘{mf BU o 91' — Eﬂnf,,,[CDS(HU - 6;) + ," Sin(ﬁv o ﬁf)]

1 1
P = SRe[VI] = V1, cos(0, — 6)

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



11.2 Instantaneous and Average Power

Given that Example 11.1
v(t) = 120 cos(377t + 45°) V. and  i(t) = 10 cos(377t — 10°) A

find the instantaneous power and the average power



11.2 Instantaneous and Average Power

Given that Example 11.1
v(t) = 120 cos(377t + 45°) V. and  i(t) = 10 cos(377t — 10°) A

find the instantaneous power and the average power

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

1
cosAcos B = E[CDS(A + B) + cos(A — B)]
p = 600[cos(754t + 35°) + cos 55°]

Instantaneous power == p(1) = 344.2 + 600 cos(754r + 35°) W

1

Average power



11.2 Instantaneous and Average Power

Calculate the instantaneous power and average power absorbed by the Practice Problem 11.1
passive linear network of Fig. 11.1 if

v(t) = 330 cos(10t + 20°) V and i(t) = 33 sin(10r + 60°) A

Answer: 3.5 + 5.445 cos(20t — 10°) kW, 3.5 kW.




11.2 Instantaneous and Average Power

Calculate the instantaneous power and average power absorbed by the Practice Problem 11.1
passive linear network of Fig. 11.1 if

v(t) = 330 cos(10r + 20°) V and i(t) = 33 sin(10r + 60°%) A

Answer: 3.5 + 5.445 cos(20t — 10°) kW, 3.5 kW.

i(t) = 33sin(10t + 60 + 90 — 90) = 33 cos(10t — 30)

p(t) = 330 * 33 * (cos10t + 20) cos(10t — 30)

(3300333038
= ———x (CO0S ——COS -
Instantaneous power s ” 2 2

1

Average power



11.2 Instantaneous and Average Power

Calculate the average power absorbed by an impedance Z = 30 — ;70 () Exa mp|€ 11.2
when a voltage V = 120/0° is applied across it.



11.2 Instantaneous and Average Power

Calculate the average power absorbed by an impedance Z = 30 — ;70 () Exa mp|€ 11.2
when a voltage V = 120/0° is applied across it.
Solution:
The current through the impedance is
\Y 120/0° 120 /0°
I=— = 1.576/66.8° A

Z 30 —j70 76.16/—66.8°

The average power 1is

1 1
P = EV,,,,IM cos(6, — 0,) = 5(120)(1.576) cos(0 — 66.8°) = 3724 W



11.2 Instantaneous and Average Power

Practice Problem 11.3 In the circuit of Fig. 11.4, calculate the average power absorbed by the

20 resistor and inductor. Find the average power supplied by the voltage

AAA M source.
320,/45° V C_r) %jl Q  Answer: 15361 kW, 0 W, 15.361 kW.




11.2 Instantaneous and Average Power

Practice Problem 11.3

320,/45° V @)

— A MWM——

%jlﬂ

320245
T TR

In the circuit of Fig. 11.4, calculate the average power absorbed by the
resistor and inductor. Find the average power supplied by the voltage
source.

Answer: 15.361 kW, 0 W, 15.361 kW.

=90.51 + j45.25 = 101.192426.56 A

Vaza = ix * R = (90.51 + j45.25) * 3 = 271.53 + j135.76 = 303.584£26.56 V

Vajo = ix * R = (90.51 + j45.25) * j = —45.25 + j90.51 = 101.194£116.56 V

1
Pasn = Vs * ix =5 * (303.58) » (101.19) * cos(26.56 — 26.56) = 15359 W

1
Paja = Vajo * ix = 5 * (101.19) * (101.19) * cos(116.56 — 26.56) = 0 W



11.2 Instantaneous and Average Power

Calculate the average power absorbed by each of the five elements in
the circuit of Fig. 11.6.

8 Q j4Q
—\A N

40,/0° V @) — 20 @ 20,/90° V




11.2 Instantaneous and Average Power

Calculate the average power absorbed by each of the five elements in
the circuit of Fig. 11.6.

8Q j4Q

AN AR
40/0° V G_D - 20 @ 20/90° V
Figure 11.6

For Practice Prob. 11.4.

Answer: 40-V Voltage source: —60 W; j20-V Voltage source: —40 W;
resistor: 100 W: others: 0 W.

Ve =400 Vi | Ve—20290 _

8§ 27 ja
ey e B 2020 20990 6125 4 j025)1, = 10
—+—+== - (0. . =
8" —j2"j4a 8 4 J x
10

v, = — 16 —32j = 35.78 £ — 63.435
* = 0.125 +j0.25 J

16 — 32 —40 402 —-126.9

16 —32j  35.782 — 63.435

log_riq = = 17.89426.57V

16 —32j —20490 5442 729

laaiq = = 13.64 — 162.9V
@4jQ 4]- 4]-

1
Pagq = 540 % 5% cos(—126.9 + 126.9) = 100 watt

1
Pa_zjq = 535.78 % 17.89 * cos(—63.44 — 26.56) = 0 watt
1
Paajo = 554.4 % 13..6 % cos(—72.9 + 162.9) = 0 watt
1
Pasoy = 540 5% cos(0+ 126.9) = —60 watt

1
Pazojv = 520 % 13.6 * cos(90 + 162.9) = —40 watt
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