
Chapter 7 AC Power and 
Three-Phase Circuits



Chapter 7: Outline
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Power in AC Circuits 



Power and Energy

l Given instantaneous power p(t), the total energy 
w transferred to a load between t1 and t2 is:
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l The average power P is the average rate of 
energy transfer defined as:
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Average Power

l Let T stand for any integer multiple of the period 
of p(t), the average power over T is the same as 
the long term average by letting t2à∞. 

l The long term average is
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Average Power of a Periodic Function

l Suppose p(t) consists of a constant component and a 
periodic function, its long term average is equal to the 
constant component.
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Average Dissipated Power

l The average power PR dissipated by a resistor R
with a peak current Im and a peak voltage Vm is: 
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Average Dissipated Power

l With an arbitrary load:
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Average Dissipated Power

l The average power dissipated by the load is: 
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Example 7.1 AC Power Calculations
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For a constant current through a resistance:
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Root Mean Square Value

l An effective constant current I to i(t) with respect to 
power dissipation has the following form:
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l For a periodic current, the effective current is equal to 
the root mean square (rms) value. The root-mean-square 
is defined as
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l Likewise, the rms value of a periodic voltage is
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Root Mean Square Value
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Example 7.2: RMS Value of a Half-
Rectified Wave
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Maximum Power Transfer 
(vs. Maximum Efficiency)
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Maximum Power Transfer

l When
*
sZsjXsRZ =−=

the impedances are matched for maximum power transfer.

l Maximum available power (50% efficiency):
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Maximum Power Transfer

l If the ratio X/R is fixed but |Z| can be adjusted, the 
maximum value of |Z| is |Z|=|Zs|.
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Example 7.3: Power Transfer from an 
Oscillator
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Power Systems



Load in a AC Power System

l For ac power systems operating at a fixed frequency 
(e.g., 2p×60Hz), frequency-dependent effects can be 
ignored. In this case, any load impedance can be 
written as: 
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Phasors in RMS

vrmsVV φ∠=

θ−φ∠=φ∠= vrmsIirmsII

IZV =

VrmsVmV 22 ==

IrmsImI 22 ==

For Sinusoids:



Real Power and Reactive Power

l Instantaneous power                                  : 
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l Real power (average absorbed power in W):
2cos rmsRIrmsIrmsVP =θ=

l Reactive power (rate of energy exchange in VAr): 
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Real Power and Reactive Power
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Inductive vs. Capacitive

2
2

2
2

  :capacitor single aFor 

  :inductor single aFor 

C
C

C

L
LL

VC
C

I
Q

L
V

ILQ

ω
ω

ω
ω

−=−=

==

•A load with inductive reactance (X>0), Q>0

•A load with capacitive reactance (X<0), Q<0

Reactive power increases the rms current to achieve 
the same average power à wasting power



Example 7.4: Power-Transfer Efficiency
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Complex Power

l Apparent power (in VA): 
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l Complex power: 
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l Magnitude of the complex power = apparent power.
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l The complex power obeys the conservation law. In other 
words, when several loads are connected to the same 
source, the total complex power from the source is the 
same as the sum of the complex powers of the loads. 



Power Factor
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Power Factor

l A load with pf=1 draws minimum source current. 

l If the load is inductive, Q>0 and θ>0, a lagging power 
factor (current phasor lags the voltage phasor).

l If the load is capacitive, Q<0 and θ<0, a leading 
power factor (current phasor leads the voltage phasor). 

l Connecting a capacitor in parallel with an inductive 
load can make pf=1 (power-factor correction).
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Table 7.1



Table 7.2



Example 7.5: Designing Power-Factor Correction
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Example 7.5: (Cont.)

Power factor correction:
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Example 7.6: Improving Power-Transfer Efficiency
(only correct the load)
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Example 7.6: (Cont.)
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Wattmeters
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Wattmeter
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Chapter 7: Problem Set

l 4, 7, 12, 16, 19, 22, 26, 31, 34, 40


