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Lecture #15: 

Steady State Power Analysis



AC Steady-State Power
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Recall:

θZ = θV − θI

Pavg = IrmsVrms cos(θZ )

power factor
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Complex Power
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Define complex power as:
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AC Steady-State Power
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Complex power:
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Nomenclature/Conventions
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S is a complex number.
The magnitude of S is the apparent power.
(Units: volt-ampere VA or kVA)
The angle of S is the power factor angle. 
The real part of S is the average power. (Units: watts)
The imaginary part of S is the reactive power.
(Units: volt-ampere reactive (VAR))
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Example

Zθ

Average power P

Apparent 
Power S Reactive 

Power Q

S = VrmsIrms
* = 0.385∠67.38o = 0.15 + 0.36 j

Power triangle

Apparent power S = 0.385 VA
Average power P=0.15 W
Reactive power Q=0.36 VAR
Power factor angle = 67.38o



Power Factor
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For an inductive load, the current lags the voltage and we have 
a lagging power factor.
For a capacitive load  the current leads the voltage and we have
a leading power factor.
It is the current that lags and leads not the power factor!
For a purely resistive load the power factor is 1.
For a purely reactive load the power factor is 0.

Inductive
V leads I
PF Lagging

Capacitive
I leads V
PF Leading



Power Factor

Case Study:

An industrial load consumes 50kW at a pf of 0.8 lagging, 
from a 220V (rms), 60Hz line.

What can we conclude?

Lagging pf Current is lagging. 

Pavg = IrmsVrms × pf = Irms(220V )(0.8) = 50000W
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Power Factor
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Vrms = 220∠0oV

   Irms
= 284.1∠ - 36.9o A

The impedance of the load is:

ZL =
Vrms

Irms

=
220

284.1∠ − 36.9o = 0.774∠36.9oΩ

Given: and lagging current

and

V leads I

Inductive
Impedance



Power Factor

What is the problem with the situation above?
How much current is required to supply the same 
power to a purely resistive load (pf=1) ?

Vrms = 220∠0oV Irms = 284.1∠ − 36.9o A Pavg = 50kW

Pavg = 50kW = VrmsIrms = 220Irms AIrms 3.227=

A resistive load requires much less current.
This means less resistive losses (I2R) in the 
transmission lines.
The large current in the reactive case (e.g., pf=0.8) 
results from the transfer of energy back and forth from 
the source to the load and vice versa.



Power Factor Correction

+-

Irms

Vo0220∠
Ω∠ o9.36774.0

Suppose we wish to raise the power factor of the plant  
from 0.8 lagging to 0.95 lagging.
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Power Factor Correction
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Maximum Average Power Transfer
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For resistive circuits, maximum 
power transfer occurs when the 
load RL is set to the Thevenin 
equivalent resistance of the 
remainder of the circuit.
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What is the relation between Zth and ZL which yields 
the maximum average power transfer to the load ZL?

In the above circuit, Voc is the RMS source voltage 
phasor, VL is the RMS voltage phasor at the load, and 
IL is the RMS current phasor.



Maximum Average Power Transfer
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Maximum Average Power Transfer
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Maximum Average Power Transfer

Pavg = Re[S] =
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Example
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Find the value of ZL for 
maximum average 
power transfer. Then 
find the average power 
delivered to ZL.

First find the Thevenin equivalent of the circuit seen 
from the terminals of ZL. 

2Ω



Example
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Thevenin equivalent of 
the circuit seen from the 
terminals of ZL. 

I1

2Ω
KVL

−Vx + j4I1 − Vx −
4
2

= 0

Also: Vx = −2I1

−2Vx − j2Vx =
4
2

Vx = 1∠135oV
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Example
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RMS phasor

Isc
I1

Isc

−Vx + j4I1 + 2(I1 − Isc ) −
4
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= 0

Vx = −2(I1 − Isc )

4
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+ 2(Isc − I1 ) − j2Isc = 0
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Find Thevenin impedance:



Example
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For maximum average power transfer:
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VL = ILZL S = IL
* VL = ILIL

* ZL = (1.118)2(1+ j)

Pavg = Re[S] = (1.118)2 = 1.25W



Superposition and Power
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Calculate power dissipated
in this resistor.

Consider the following dc circuit: 

We can use superposition to 
find v1.

v1 due to first source alone:

v1
' =

2Ω || 2Ω
2Ω || 2Ω + 2Ω

3 = 1V

v1 due to second source alone:

v1
'' =

2Ω || 2Ω
2Ω || 2Ω + 2Ω

3 = 1V

Total voltage: v1 = v1
' + v1

'' = 2V Power: P =
v1

2

R
= 2W



Superposition and Power
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Calculate power 
dissipated in this resistor.

Consider the same dc circuit again:

Try superposition directly 
on power.

Power due to first source alone

P1 =
1( )2

2
= 0.5W

Total power: WPPP 121 =+=

Power due to second source alone

P2 =
1( )2

2
= 0.5W

Wrong answer!!!

V1=1

V1=1



Superposition and Power

1. In general we cannot apply the superposition 
principle directly to determine the power.

2. One can show that power superposition works 
for sources of different frequencies, but we will 
not worry about this here.

3. Do not apply superposition directly to 
calculate the power!


