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ENG2200
Electric Circuits

Chapter 10

Sinusoidal Steady Power Calculation

Objectives

• Understanding the difference between 
instantaneous power, average power reactive 
power, complex power and how to calculate 
them.

• Understanding power factor and how to 
calculate it.

• Understand the condition for a maximum real 
power delivered to the load.
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Figure 10.1 The black box representation of a 
circuit used for calculating power.
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Instantaneous Power

• v=Vmcos(t+v) i=Imcos(t+i)
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Negative 
Power?

Average and Reactive Power

• P is the average power (real power) the power 
transferred from electric to non‐electric (the 
consumer made use of it)

• Q is the reactive power
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Purely Resistive Circuits i=v
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RMS?

Purely Inductive i=v-90˚

tQp 2sin

t
VI

t
VIVI

p iv
mm

iv
mm

iv
mm  2sin)sin(

2
2cos)cos(

2
)cos(

2




11/28/2013

5

Purely Capacitive Circuits i=v+90˚
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Power Factor

• The units for p is Watt (W)

• The units for Q is VAR (Volt Ampere Reactive)

• i‐v power factor angle
• PF = cos(i‐v)
• Note that cos(i‐v)=cos(v‐i)
• PF is defines as lagging (current lags voltage –
inductive)or leading (currents leads voltage –
capacitive)
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Example
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Calculate the average power, reactive power
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Figure 10.7 A sinusoidal voltage applied to the 
terminals of a resistor.
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Complex Power

• Complex power

• Apparent Power |S|
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Example

• An electrical motor operates at 240 V rms. The 
average power is 8 kW at a lagging power 
factor of 0.8

Power calculation
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Power calculation
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Figure 10.11 The phasor voltage and current 
associated with a pair of terminals.
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Figure 10.12 The general circuit of Fig. 10.11 
replaced with an equivalent impedance.

Example

• Find IL and VL
• Calculate S supplied 
by the source

• Calculate S delivered 
to the load

• Calculate S delivered 
to the line
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Example

• Find the pf of the 2 loads in parallel

• Find Is and the apparent power to supply the 
load

• Assuming 60 Hz, what is the capacitor 
required to correct the power factor

Load 1
8 KW leading pf 0.8
Load 2
20 kVA at lagging pf 0.6
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Figure 10.17 The circuit, with solution, for 
Example 10.7.
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Maximum Power Transfer

• Assume the source is replaced by its Thevenin 
equivalent circuits.

• VTH, ZTH and a load or ZL is connected

Maximum Power Transfer
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Restriction

• Sometimes, we have restrictions on the load 
impedance.

• First, set XL as close as possible to –XTH, then 

calculate RL as close as possible to

• If we can change the magnitude of the load 
impedance, but not the phase; set the magnitude 
of the load impedance to the magnitude of 
Thevenin impedance

Figure 10.18 A circuit describing maximum 
power transfer.
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Figure 10.19 The circuit shown in Fig. 10.18, 
with the network replaced by its Thévenin
equivalent.

Figure 10.20 The circuit for Example 10.8.
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Figure 10.21 A simplification of Fig. 10.20 by 
source transformations.

Figure 10.22 The circuit shown in Fig. 10.20, 
with the original network replaced by its Thévenin 
equivalent.
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Figure 10.23 The circuit for Examples 10.9 and 
10.10.


