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Capacitors and inductors 
 

 

 

 

 

 

 

 

 

 
 

 

Capacitors and inductors 

6.1 Introduction 
So far we have limited our study to resistive circuits. In this chapter, 

we shall introduce two new and important passive linear circuit elements: 

the capacitor and the inductor. Unlike resistors, which dissipate 

energy, capacitors and inductors do not dissipate but store energy, 

which can be retrieved at a later time. For this reason, capacitors and 

inductors are called storage elements 

 

6.2 Capacitors 
A capacitor is a passive element designed to store energy in its electric 

field. Besides resistors, capacitors are the most common electrical 

Components. Capacitors are used extensively in electronics, 

communications, computers, and power systems. For example, they are 

used in the tuning circuits of radio receivers and as dynamic memory 

elements in computer systems. 
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In many practical applications, the plates may be aluminum foil while the 

dielectric may be air, ceramic, paper, or mica. When a voltage source is 

connected to the capacitor, as in Fig. 6.2, the source deposits a positive 

charge q on one plate and a negative charge on the other. The capacitor is 

said to store the electric charge. The amount of charge stored, represented 

by q, is directly proportional to the applied voltage so that 
 
 

whereC, the constant of proportionality, is known as the capacitance of 

the capacitor. The unit of capacitance is the farad (F), 
 

 
Although the capacitance C of a capacitor is the ratio of the charge q per 

plate to the applied voltage it does not depend on q or v It depends on the 

physical dimensions of the capacitor. For example, for the parallel-plate 

capacitor shown in Fig. 6.1, the capacitance is given by 

where A is the surface area of each plate, d is the distance between the 

plates, and is Ԑ the permittivity of the dielectric material between the 

plates. Although Eq. (6.2) applies to only parallel-plate capacitors, 

we may infer from it that, in general, three factors determine the value of 

the capacitance: 

1. The surface area of the plates—the larger the area, the greater the 

capacitance. 
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2. The spacing between the plates—the smaller the spacing, the greater 

the capacitance. 

3. The permittivity of the material—the higher the permittivity, the 

greater the capacitance. 

Capacitors are commercially available in different values and types. 

Typically, capacitors have values in the Pico farad (pF) to microfarad 

(μF)range. They are described by the dielectric material they are made of 

and by whether they are of fixed or variable type. Figure 6.3 shows the 

circuit symbols for fixed and variable capacitors. Note that according to 

the passive sign convention, if v >0 and i >0 or v < 0 if and i< 0 the 

capacitor is being charged, and if v . i < 0,the capacitor is discharging. 
 
 

 
capacitors are used to block dc, pass ac, shift phase, store energy, start 

motors, and suppress noise . Variable capacitors are used in radio 

receivers allowing one to tune to various stations. 

To obtain the current-voltage relationship of the capacitor, we take the 

derivative of both sides of Eq. (6.1). Since 
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Equation (6.9) or (6.10) represents the energy stored in the electric field 

that exists between the plates of the capacitor. This energy can be 

retrieved, since an ideal capacitor cannot dissipate energy. In fact, the 

word capacitor is derived from this element’s capacity to store energy in 

an electric field. We should note the following important properties of a 

capacitor: 
1. Note from Eq. (6.4) that when the voltage across a capacitor is not 

changing with time (i.e., dc voltage), the current through the capacitor is 

zero. Thus 

 

However, if a battery (dc voltage) is connected across a capacitor, the 

capacitor charges. 
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2. The voltage on the capacitor must be continuous 
 

 

The capacitor resists an abrupt change in the voltage across it. According 

to Eq. (6.4), a discontinuous change in voltage requires an infinite 

current, which is physically impossible. For example, the voltage across a 

capacitor may take the form shown in Fig. 6.7(a), whereas it is not 

physically possible for the capacitor voltage to take the form shown in 

Fig. 6.7(b) because of the abrupt changes. Conversely, the current 

through a capacitor can change instantaneously 
 

 

 
3. The ideal capacitor does not dissipate energy. It takes power from the 

circuit when storing energy in its field and returns previously stored 

energy when delivering power to the circuit 

 
4. A real, nonideal capacitor has a parallel-model leakage resistance, as 

shown in Fig. 6.8. The leakage resistance may be as high as 100 MΩ and 

can be neglected for most practical applications. For this reason, we will 

assume ideal capacitors . 
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Example 

(a) Calculate the charge stored on a 3-pF capacitor with 20 V 

across it. 
(b) Find the energy stored in the capacitor. 

 

 
Practice Problem 

 

What is the voltage across a 4.5 μF capacitor if the charge on one 
plate is 0.12 mC? How much energy is stored 

 

 
Answer: 26.67 A, 1.6 mJ. 

 
 

Example 

The voltage across a 5 μF capacitor is v(t) = 10 cos 6000t V 
Calculate the current through it. 
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Practice Problem 
 

Example 
 

 

 

 
 
 
 
 
 

Practice Problem 
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Example 

Determine the current through a 200 μF capacitor whose 

voltage is shown in Fig. 
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Practice Problem 
 

An initially uncharged 1-mF capacitor has the current shown in Fig. 

across it. Calculate the voltage across it at t=2ms and t=5 ms 

 
 

Answer: 100 mV, 400 mV. 
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Example 
Obtain the energy stored in each capacitor in Fig (a) under dc conditions 

 

Solution: 

Under dc conditions, we replace each capacitor with an open circuit, as 

shown in Fig. (b). The current through the series combination of the 2KΩ 

and 5KΩ resistors is obtained by current division as 

 

 
Practice Problem 

 

Under dc conditions, find the energy stored in the capacitors in Fig. 
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We know from resistive circuits that the series-parallel combination is a 

powerful tool for reducing circuits. This technique can be extended to 

series-parallel connections of capacitors, which are sometimes 

encountered. We desire to replace these capacitors by a single equivalent 

capacitor Ceq. In order to obtain the equivalent capacitor of N capacitors 

in parallel, consider the circuit in Fig. 6.14(a). The equivalent circuit is in 

Fig. 6.14(b). 
 

 
 

 

 
Note that the capacitors have the same voltage across them. Applying 

KCL to Fig. 6.14(a), 
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We observe that capacitors in parallel combine in the same manner as 

resistors in series. We now obtain Ceq of N capacitors connected in 

series by comparing the circuit in Fig. 6.15(a) with the equivalent circuit 

in Fig. 6.15(b). Note that the same current i flows (and consequently the 

same charge) through the capacitors 
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Applying KVL to the loop in Fig. 6.15(a), 
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Example 
Find the equivalent capacitance seen between terminals a and b of the 

circuit in Fig. 6.16. 

 

 

 

 
Practice Problem 

 

Find the equivalent capacitance seen at the terminals of the circuit in Fig. 

6.17. 

Answer: 40 mF. 
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Example 
For the circuit in Fig. 6.18, find the voltage across each capacitor. 
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Practice Problem 
 

Find the voltage across each of the capacitors in Fig. 6.20. 
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An inductor is a passive element designed to store energy in its magnetic 

field. Inductors find numerous applications in electronic and power 

systems. They are used in power supplies, transformers, radios, TVs, 

radars, and electric motors. Any conductor of electric current has 

inductive properties and may be regarded as an inductor. But in order to 

enhance the inductive effect, a practical inductor is usually formed into a 

cylindrical coil with many turns of conducting wire, as shown in Fig. 

6.21., 

  

 

If current is allowed to pass through an inductor, it is found that the 

voltage across the inductor is directly proportional to the time rate of 

change of the current. Using the passive sign convention 

 

Where L is the constant of proportionality called the inductance of the 

inductor. The unit of inductance is the henry (H), 

 

The inductance of an inductor depends on its physical dimension and 

construction. Formulas for calculating the inductance of inductors of 

different shapes 
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Where N is the number of turns, is the length, A is the cross-sectional 

area, and is the permeability of the core. We can see from Eq. (6.19) 

that inductance can be increased by increasing the number of turns of 

coil, using material with higher permeability as the core, increasing the 

cross-sectional area, or reducing the length of the coil. Like capacitors, 

commercially available inductors come in different values and types. 

Typical practical inductors have inductance values ranging from a few 

microhenrys ( μH), as in communication systems, to tens of henrys (H) as 

in power systems. Inductors may be fixed or variable. The core may be 

made of iron, steel, plastic, or air 

The circuit symbols for inductors are shown in Fig. 6.23, following the 

passive sign convention 
 
 

. 
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1. Note from Eq. (6.18) that the voltage across an inductor is zero when 

the current is constant. Thus, 

 

2. An important property of the inductor is its opposition to 

change in current flowing through it 

 

 
According to Eq. (6.18), a discontinuous change in the current through an 

inductor requires an infinite voltage, which is not physically possible. 

Thus, an inductor opposes an abrupt change in the current through it. For 

example, the current through an inductor may take the form shown in Fig. 

6.25(a), whereas the inductor current cannot take the form shown in Fig. 

6.25(b) in real-life situations due to the discontinuities. However, the 

voltage across an inductor can change abruptly 
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3. Like the ideal capacitor, capacitor, the ideal inductor does not dissipate 

energy. The energy stored in it can be retrieved at a later time. The 

inductor takes power from the circuit when storing energy and delivers 

power to the circuit when returning previously stored energy. 

4. A practical, nonideal inductor has a significant resistive component, as 

shown in Fig. 6.26. This is due to the fact that the inductor is made of a 

conducting material such as copper, which has some resistance. This 

resistance is called the winding resistance , Rω and it appears in series 

with the inductance of the inductor. The presence of Rω makes it both an 

energy storage device and an energy dissipation device. Since Rω is 

usually very small, it is ignored in most cases. The nonideal inductor also 

has a winding capacitance due to the capacitive coupling between the 

conducting coils. is very small and can be ignored in most cases, except 

at high frequencies. We will assume ideal inductors in this book. 
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Example 
 

The current through a 0.1-H inductor is i(t) =10t𝑒−5𝑡A. Find the voltage 

across the inductor and the energy stored in it 

 

 
. 

 

 

 

Practice Problem 6.8 
If the current through a 1-mH inductor is i(t) = 60 cos 100t mA, find the 

terminal voltage and the energy stored 

 

 

 
Answer: _6 sin 100t mV, 1.8 cos2 (100t) mJ. 
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Example 

 

 

Practice Problem 
 

The terminal voltage of a 2-H inductor is v =10(1 - t) V. Find the current 

flowing through it at t = 4 s and the energy stored in it at t = 4 s 

Assume i(0) = 2 A. 

 
Answer: - 18 A, 320 J. 

. 
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Example 

Consider the circuit in Fig. 6.27(a). Under dc conditions, find: (a) i, vc 

and, iL, (b) the energy stored in the capacitor and inductor. 
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Practice Problem 
Determine vC, iL, and the energy stored in the capacitor and inductor in 

the circuit of Fig. 6.28 under dc conditions 
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The wye-delta transformation discussed in Section 2 for resistors can be 

extended to capacitors and inductors 

 
Example 
Find the equivalent inductance of the circuit shown in Fig. 6.31. 
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Practice Problem 
Calculate the equivalent inductance for the inductive ladder network in 

Fig. 6.32 
 

 

 
Answer: 25 mH. 

 
Example 
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Practice Problem 
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Capacitors and inductors possess the following three special properties 

that make them very useful in electric circuits: 

 

1. The capacity to store energy makes them useful as temporary voltage 

or current sources. Thus, they can be used for generating a large 

amount of current or voltage for a short period of time. 

 

2. Capacitors oppose any abrupt change in voltage, while inductors 

oppose any abrupt change in current. This property makes inductors 

useful for spark or arc suppression and for converting pulsating 

dc voltage into relatively smooth dc voltage 

. 

3. Capacitors and inductors are frequency sensitive. This property 

makes them useful for frequency discrimination. 

 

The first two properties are put to use in dc circuits, while the third 

one is taken advantage of in ac circuits. 
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Summary 
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Chapter 9 
 
 

 

Sinusoids and Phasors 
 
 
 
 
 
 
 

Sinusoids and Phasors 
 
 
 
 

We now begin the analysis of circuits in which the source voltage or 

current is time-varying. In this chapter, we are particularly interested in 

sinusoidally time-varying excitation, or simply, excitation by a sinusoid. 

 

A sinusoidal current is usually referred to as alternating current (ac). 

Such a current reverses at regular time intervals and has alternately 

positiveand negative values. Circuits driven by sinusoidal current or 

voltage sources are called ac circuits 
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A sinusoid can be expressed in either sine or cosine form. When 

comparing two sinusoids, it is expedient to express both as either sine or 

cosine with positive amplitudes. This is achieved by using the following 

trigonometric identities 
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Example 
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Practice Problem 
 

 
Example 
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Practice Problem 
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Sinusoids are easily expressed in terms of phasors, which are more 

convenient to work with than sine and cosine functions 

 

Before we completely define phasors and apply them to circuit analysis, 

we need to be thoroughly familiar with complex numbers A complex 

number z can be written in rectangular form as .A complex number z can 

be written in rectangular form as 

 

. 
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Addition and subtraction of complex numbers are better performed 

in rectangular form; multiplication and division are better done in polar 

form. Given the complex numbers 
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Practice Problem 
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Practice Problem 
 

 

Example 
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Practice Problem 
 
 
 

 

 

Example 
 

 

Practice Problem 
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Practice Problem 
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showing that the current and voltage are out of phase. To be specific, the 

current leads the voltage by Figure 9.13 shows the voltage current 

relations for the capacitor; Fig. 9.14 gives the phasor diagram. Table 9.2 

summarizes the time domain and phasor domain representations of the 

circuit elements 
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Practice Problem 
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Practice Problem 
 

 
 

 



University of Anbar 
College of Engineering 
Dept. of Electrical Engineering 

Fundamentals of EE II 

EE1302 
Dr. Naser Al-Falahy 

63 

 

 

 

 
. 

 
 
 



University of Anbar 
College of Engineering 
Dept. of Electrical Engineering 

Fundamentals of EE II 

EE1302 
Dr. Naser Al-Falahy 

64 

 

 

 

 

 



University of Anbar 
College of Engineering 
Dept. of Electrical Engineering 

Fundamentals of EE II 

EE1302 
Dr. Naser Al-Falahy 

65 

 

 

 

we can obtain the equivalent impedance or admittance of the N parallel-

connected impedances shown in Fig. 9.20. The   voltage across each 

impedance is the same. Applying KCL at the top node 
 

, 
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Example 
Find the input impedance of the circuit in Fig. 9.23. Assume that the 

circuit operates at ω = 50 rad/s. 
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Practice Problem 
Determine the input impedance of the circuit in Fig. 9.24 at ω = 10 rad/ s. 

 
 

 

 
Example 

Determine vo (t) in the circuit of Fig. 9.25. 
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Practice Problem 

Calculate Vo in the circuit of Fig. 9.27 

 

 
 

 

 
 
 

Example 

Find current I in the circuit of Fig. 9.28. 
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Practice Problem 

Find I in the circuit of Fig. 9.30 
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Summary 
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Chapter 10 
 

 

 

Sinusoidal Steady State 

Analysis 
 

 

 

 

 

10.1  Introduction 

In Chapter 9, we learned that the forced or steady-state response of 

circuits to sinusoidal inputs can be obtained by using phasors. We also 

know that Ohm’s and Kirchhoff’s laws are applicable to ac circuits. In 

this chapter, we want to see how nodal analysis, mesh analysis, 

Thevenin’s theorem, Norton’s theorem, superposition, and source 

transformations are applied in analyzing ac circuits. Since these 

techniques were already introduced for dc circuits, our major effort here 

will be to illustrate with examples. Analyzing ac circuits usually requires 

three steps 
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10.2 Nodal Analysis 
 

The basis of nodal analysis is Kirchhoff’s current law. Since KCL is valid 

for phasors, as demonstrated in Section 9.6, we can analyze ac ircuits by 

nodal analysis. The following examples illustrate this. 

Example 
Find ix in the circuit of Fig. 10.1 using nodal analysis. 
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10.3 Mesh Analysis 
 

Kirchhoff’s voltage law (KVL) forms the basis of mesh analysis. The 

validity of KVL for ac circuits was shown in Section 9.6 and is illustrated 

in the following examples. Keep in mind that the very nature of using 

mesh analysis is that it is to be applied to planar circuits 

 

Example 
Determine Io current in the circuit of Fig. 10.7 using mesh analysis. 
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Practice Problem 
Find Io in Fig. 10.8 using mesh analysis. 
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Example 
Solve for Vo in the circuit of Fig. 10.9 using mesh analysis. 
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Practice Problem 

Calculate Io current in the circuit of Fig. 10.11. 
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10.4 Superposition Theorem 
 

Since ac circuits are linear, the superposition theorem applies to AC 

circuits the same way it applies to dc circuits. The theorem becomes 

important if the circuit has sources operating at different frequencies. In 

this case, since the impedances depend on frequency, we must have a 

different frequency domain circuit for each frequency. The total response 

must be obtained by adding the individual responses in the time domain. 

It is incorrect to try to add the responses in the phasor or frequency 

domain. Why? Because the exponential factor is implicit in 

sinusoidal analysis, and that factor would change for every angular 

frequency It would therefore not make sense to add responses at different 

frequencies ω in the phasor domain. Thus, when a circuit has sources 

operating at different frequencies, one must add the responses due to the 

individual frequencies in the time domain 

Example 

Use the superposition theorem to find Io in the circuit in Fig. 10.7. 
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Practice Problem 
 

Find current Io in the circuit of Fig. 10.8 using the superposition theorem 
 

 
 

 
Example 

Find vo of the circuit of Fig. 10.13 using the superposition theorem. 
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Practice Problem 
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10.5 Source Transformation 

As Fig. 10.16 shows, source transformation in the frequency domain 

involves transforming a voltage source in series with an impedance to a 

current source in parallel with an impedance, or vice versa. As we go 

from one source type to another, we must keep the following relationship 

in mind: 
 

 
 

 

 

 

 

 

 

 
Example 

Calculate in the circuit of Fig. 10.17 using the method of source 

transformation 
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10.3Thevenin and Norton Equivalent Circuits 

Thevenin’s and Norton’s theorems are applied to ac circuits in the same 

way as they are to dc circuits. The only additional effort arises from the 

need to manipulate complex numbers. The frequency domain version of a 

Thevenin equivalent circuit is depicted in Fig. 10.20, where a linear 

circuit is replaced by a voltage source in series with an impedance. The 

Norton equivalent circuit is illustrated in Fig. 10.21, where a linear circuit 

is replaced by a current source in parallel with an impedance. Keep in 

mind that the two equivalent circuits are related as 

 

 
just as in source transformation. is the open-circuit voltage while is the 

short-circuit current. 

If the circuit has sources operating at different frequencies (see Example 

10.6, for example), the Thevenin or Norton equivalent circuit must be 

determined at each frequency. This leads to entirely different equivalent 

circuits, one for each frequency, not one equivalent circuit with 

equivalent sources and equivalent impedances. 
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Example 

Obtain the Thevenin equivalent at terminals a-b of the circuit in 

Fig. 10.22. 
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Practice Problem 

Find the Thevenin equivalent at terminals a-b of the circuit in Fig. 10.24. 
 

 

 

 

Example 

Find the Thevenin equivalent of the circuit in Fig. 10.25 as seen from 

terminals a - b. 
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Practice Problem 

Determine the Thevenin equivalent of the circuit in Fig. 10.27 as seen 

from the terminals a-b. 
 

 
 

 

 

 

Example 

Obtain current Io in Fig. 10.28 using Norton’s theorem. 
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Summary 

1. We apply nodal and mesh analysis to ac circuits by applying KCL and 

KVL to the phasor form of the circuits. 

2. In solving for the steady-state response of a circuit that has 

independent 

sources with different frequencies, each independent source must be 

considered separately. The most natural approach to analyzing such 

circuits is to apply the superposition theorem. A separate phasor circuit 

for each frequency must be solved independently, and the corresponding 

response should be obtained in the time domain. The overall response is 

the sum of the time domain responses of all the individual phasor circuits. 

3. The concept of source transformation is also applicable in the 

frequency domain. 

4. The Thevenin equivalent of an ac circuit consists of a voltage source in 

series with the Thevenin impedance 

5. The Norton equivalent of an ac circuit consists of a current source in 

parallel with the Norton impedance 

6. PSpice is a simple and powerful tool for solving ac circuit problems. It 

relieves us of the tedious task of working with the complex numbers 

involved in steady-state analysis. 

7. The capacitance multiplier and the ac oscillator provide two typical 

applications for the concepts presented in this chapter. A capacitance 

multiplier is an op amp circuit used in producing a multiple of a physical 

capacitance. An oscillator is a device that uses a dc input to generate an 

ac output. 
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Chapter 11 
 
 

 

AC Power Analysis 
 
 
 

AC Power Analysis 
 

Power is the most important quantity in electric utilities, electronic, and 

communication systems, because such systems involve transmission of 

power from one point to another. Also, every industrial and household 

electrical device—every fan, motor, lamp, pressing iron, TV, personal 

computer has a power rating that indicates how much power the 

equipment requires; exceeding the power rating can do permanent 

damage to an appliance. The most common form of electric power is 50- 

or 60-Hz ac power. The choice of ac over dc allowed high-voltage power 

transmission from the power generating plant to the consumer. We will 

begin by defining and deriving instantaneous power and average power. 

We will then introduce other power concepts. As practical applications of 

these concepts, we will discuss how power is measured and reconsider 

how electric utility companies charge their customers. 
 
 

the instantaneous power p(t) absorbed by an element is the product of the 

instantaneous voltage v(t) across the element and the instantaneous 

current i(t) through it. Assuming the passive sign convention 
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. 

It is the rate at which an element absorbs energy. Consider the general 

case of instantaneous power absorbed by an arbitrary combination of 

circuit elements under sinusoidal excitation, as shown in Fig. 11.1. Let 

the voltage and current at the terminals of the circuit be 
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The instantaneous power changes with time and is therefore difficult to 

measure. The average power is more convenient to measure. In fact, the 

wattmeter, the instrument for measuring power, responds to average 

power 
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Although Eq. (11.6) shows the averaging done over T, we would get the 

same result if we performed the integration over the actual period 
 

 
 

 
The first integrand is constant, and the average of a constant is the same 

constant. The second integrand is a sinusoid. We know that the average of 

a sinusoid over its period is zero because the area under the sinusoid 

during a positive half-cycle is canceled by the area under it during the 

following negative half-cycle. Thus, the second term in Eq. (11.7) 

vanishes and the average power becomes 
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Practice Problem 
 



University of Anbar 
College of Engineering 
Dept. of Electrical Engineering 

Fundamentals of EE II 

EE1302 
Dr. Naser Al-Falahy 

Example 

116 

 

 

 
 
 
 

 
 
 

 

Practice Problem 
 



University of Anbar 
College of Engineering 
Dept. of Electrical Engineering 

Fundamentals of EE II 

EE1302 
Dr. Naser Al-Falahy 

117 

 

 

 
 

Example 

 
 



University of Anbar 
College of Engineering 
Dept. of Electrical Engineering 

Fundamentals of EE II 

EE1302 
Dr. Naser Al-Falahy 

118 

 

 

 
 

Practice Problem 
 

 

 

 
Example 

 
 



University of Anbar 
College of Engineering 
Dept. of Electrical Engineering 

Fundamentals of EE II 

EE1302 
Dr. Naser Al-Falahy 

119 

 

 

 
 

 



University of Anbar 
College of Engineering 
Dept. of Electrical Engineering 

Fundamentals of EE II 

EE1302 
Dr. Naser Al-Falahy 

111 

 

 

 

 
 

 

Practice Problem 
 

 

 
 
 



University of Anbar 
College of Engineering 
Dept. of Electrical Engineering 

Fundamentals of EE II 

EE1302 
Dr. Naser Al-Falahy 

111 

 

 

 

 

 
 

 

  
 

the conclusion that for maximum average power transfer 
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This means that for maximum average power transfer to a purely 

resistive load, the load impedance (or resistance) is equal to the 

magnitude of the Thevenin impedance 

 

Example 
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Power engineers have coined the term complex power, which they use to 

find the total effect of parallel loads. Complex power is important in 

power analysis because it contains all the information pertaining to the 

power absorbed by a given load 
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This equation can also be obtained from Eq. (11.9). We notice from 

Eq. (11.44) that the magnitude of the complex power is the apparent 

power; hence, the complex power is measured in volt-amperes (VA). 

Also, we notice that the angle of the complex power is the power factor 

angle. The complex power may be expressed in terms of the load 

impedance Z. From Eq. (11.37), the load impedance Z may be written as 

 
The real power P is the average power in watts delivered to a load; it is 

the only useful power. It is the actual power dissipated by the load. The 

reactive power Q is a measure of the energy exchange between the source 

and the reactive part of the load. The unit of Q is the volt-ampere reactive 

(VAR) to distinguish it from the real power, whose unit is the watt. We 

know from Chapter 6 that energy storage elements neither dissipate nor 

supply power, but exchange power back and forth with the rest of the 

network. In the same way, the reactive power is being transferred back 

and forth between the load and the source. It represents a lossless 

interchange between the load and the source. 
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Notice that: 
 

 

 
 

 

 
 

This shows how the complex power contains all the relevant power 

information in a given load 

It is a standard practice to represent S, P, and Q in the form of a 

triangle, known as the power triangle, shown in Fig. 11.21(a). This 

issimilar to the impedance triangle showing the relationship between Z, 

R, and X, illustrated in Fig. 11.21(b). The power triangle has four 

items—the apparent/complex power, real power, reactive power, and 
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the power factor angle. Given two of these items, the other two can 

easily be obtained from the triangle. As shown in Fig. 11.22, when S 

lies in the first quadrant, we have an inductive load and a lagging pf. 

When S lies in the fourth quadrant, the load is capacitive and the pf is 

leading. It is also possible for the complex power to lie in the second 

or third quadrant. This requires that the load impedance have a negative 

resistance, which is possible with active circuits. 
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This means that the total complex power in a network is the sum of 

the complex powers of the individual components. (This is also true of 

real power and reactive power, but not true of apparent power.) This 

expresses the principle of conservation of ac power 

 

From this we imply that the real (or reactive) power flow from sources 

in a network equals the real (or reactive) power flow into the other 

elements in the networ 
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