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Chapter ONE 
 

Basic Concepts 
 

SYSTEMSOF UNITS 
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 CHARGE ANDCURRENT 
 

Charge is an electrical property of the atomic particles of which 

matter consists, measured in coulombs (C) 

 
 

electronic charge e = −1.602 ×10−19 C. 

Electric current is the time rate of change of charge, measured in amperes (A) 
 

Mathematically, the relationship between current i, charge q, and time t is A direct 

current (dc) is a current that remains constant with time. 

A  

direct current (dc) is a current that 

remains constant with time. 
 
 
 
 
 
 
 

 
An alternating current (ac) is a current that varies sinusoidally with time. 
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Example E 

 

 
 

PPractice Problemractice Problem 
 

 
 

XA Example E 

 

 
 

Practice Problem 
 

. 
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VOLTAGE 
 

Voltage (or potential difference) is the energy required to move a unit 

charge through an element, measured in volts (V). 
 
 
 
 
 

where is energy in joules (J) and q is charge in coulombs (C). The voltage vab or 

simply v is measured in volts (V) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 POWER ANDENERGY 
 

Power is the time rate of expending or absorbing energy, measured in watts 
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This again confirms the fact that the total power supplied to the circuit must balance 

the total power absorbed. the energy absorbed or supplied by an element from time 

t0 to time t is 
 

 
 
 
 
 
 
 

The electric power utility companies measure energy in watt-hours (Wh), where 
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Example 
Find the power delivered to an element at t = 3 ms if the current entering its positive 

terminal is 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Practice Problem 
 
 
 
 
 
 
 
 
 
 

 

Example 
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 CIRCUITELEMENTS 
 

An electric circuit is an interconnection of electrical element There are two 

types of elements found in electric circuits: passive elements and active elements. An 

active element is capable of generating energy while a passive element is not. 

Examples of passive elements are resistors, capacitors, and inductors. Typical active 

elements include generators, batteries, and operational amplifiers .An ideal 

independent source is an active element that provides a specified voltage 

or current that is completely independent of other circuit variables 
 

 

 
 

The circuit symbols for (a)an ideal independent source And (b)an ideal independent 

current source 
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Dependent sources are useful in modeling elements such as transistors,  

operational amplifiers and integrated circuits. An example of a current controlled 

voltage source is shown on the right-hand side of Fig where the voltage 10i of the 

voltage source depends on the current I through element C. Students might be 

surprised that the value of the dependent voltage source is 10i V (and not 10i A) 

because it is a voltage source. The key idea to keep in mind is that a voltage source 

comes with polarities (+ −) in its symbol, while a current source comes with an 

arrow, irrespective of what it depends on 
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Example 
 

.Calculate the power supplied or absorbed by each element in Fig 
 

 
 

Solution: 

We apply the sign convention for power For P1, the 5-A current is out of the positive 

terminal (or into the negative terminal); hence 
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Summary 
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CHAPTER TWO 
 

Basic Laws 
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Basic Laws 
 

OHM’S LAW 
 

Materials in general have a characteristic behavior of resisting the flow of electric 

charge. This physical property, or ability to resist current, is known as resistance 

and is represented by the symbol R. The resistance of any material with a uniform 

cross-sectional area A depends on A and its length l, as shown in Fig 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
(a) Resistor, (b) Circuit symbol 
for resistance 

 

 
 

Where ρ is known as the resistivity of the material in ohm-meters. Good conductors, 

such as copper and aluminum, have low resistivities, while insulators, such as mica 

and paper, have high resistivities. Table 2.1 presents the values of ρ for some 

common materials and shows which materials are used for conductors, insulators, 

and semiconductors. 
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Ohm’s law states that the voltage v across a resistor is directly proportional 

to the current flowing through the resistor. 
 
 
 
 
 
 
 

The resistance R of an element denotes its ability to resist the flow of 

electric current; it is measured in ohms (℧_). Since the value of R can range from 

zero to infinity, it is important that we consider the two extreme possible values of R. An 

element with 

R = 0 is called a short circuit, as shown in Fig.(a) 

 
.A short circuit is a circuit element with resistance approaching zero. 

 
 

 
 

 
 

(a) Short circuit (R = 0), 

(b) Open circuit (R =∞). 

 
An open circuit is a circuit element with resistance approaching infinity. 

 
A useful quantity in circuit analysis is the reciprocal of resistance R, known as 

conductance and denoted by G: 
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The unit of conductance is the mho (ohm spelled backward) or reciprocal ohm, with 

symbol  Ʊ the inverted omega. Although engineers often use the mhos, in this book 

we prefer to use the Siemens (S), the SI unit of conductance 

 
 

Conductance is the ability of an element to conduct electric current; it is 

measured in mhos Ʊ or Siemens (S). 
 

The same resistance can be expressed in ohms or Siemens. For example, 10 Ω is the 

same as 0.1 S. 

 
 

 
The power dissipated by a resistor can be expressed in terms of R. Using 

 
 
 
 

The power interms of G 
 

 
 

1. The power dissipated in a resistor is a nonlinear function of either current or 

voltage. 

2. Since R and G are positive quantities, the power dissipated in a resistor is always 

positive. Thus, a resistor always absorbs power from the circuit. This confirms the 

idea that a resistor is a passive element, incapable of generating energy  
Example 
An electric iron draws 2 A at 120 V. Find its resistance. 

 
Solution: 

From Ohm’s law, 

 
 

Practice Problem 
 

The essential component of a toaster is an electrical element (a resistor) that 

converts electrical energy to heat energy. How much current is drawn by a toaster 

with resistance 15 Ω   at 110 V? 
Answer: 7.333 A. 
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Example 
In the circuit shown in Fig. 2.8, calculate the current i, the conductance G, and the 

power p. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Practice Problem 

 

For the circuit shown in Fig., calculate the voltage v, the conductance 

G, and the power p 
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Example 
 
 
 
 
 
 
 
 
 
 
 

NODES,BRANCHES,ANDLOOPS 
 

 
 

In otherwords, a branch represents any two-terminal element. The circuit in Fig. 

has five branches, namely, the 10-V voltage source, the 2-A current source, and the 

three resistors. 
 

 
 
 
 
 
 
 
 
 
 

Figure.1 Nodes, branches, and loops. 

 
 
 
 

 
 

A node is usually indicated by a dot in a circuit. If a short circuit (a  connecting 

wire) connects two nodes, the two nodes constitute a single node. The circuit in Fig..1 

has three nodes a, b, and c. Notice that the three points that form node b are 

connected by perfectly conducting wires and therefore constitute a single point. The 

same is true of the four points forming node c. We demonstrate that the circuit in 

Fig.1 has only three nodes by redrawing the circuit in Fig. 2. 
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The three-node circuit of Fig. 2. is redrawn 

 

 

 
A loop is a closed path formed by starting at a node, passing through a set of nodes, 

and returning to the starting node  A network with b branches, n nodes, and l 

independent loops will satisfy the fundamental theorem of network topology 
 
 
 
 

 

 

Example 
Determine the number of branches and nodes in the circuit shown in Fig. 

3. Identify which elements are in series and which are in parallel. 
 

Solution: 

Since there are four elements in the circuit, the circuit has four branches: 10 V, 5 Ω, 

6 Ω, and 2 A. The circuit has three nodes as identified in Fig. 3. The 5Ω resistor is in 

series with the 10-V voltage source because the same current would flow in both. 

The 6Ωresistor is in parallel with the 2-A current source because both are connected 

to the 

same nodes 2 and 3. 
 

 

 
(3)The three nodes in the circuit 
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KIRCHHOFF’SLAWS 
 

Kirchhoff’s current law (KCL) and Kirchhoff’s voltage law (KVL). 
 

 

 

 
 

Where N is the number of branches connected to the node and in is nth current 

entering (or leaving) the node. By this law, currents entering node may be regarded 

as positive, while currents leaving the node maybe taken as negative or vice versa 

Consider the node in Fig.4. Applying KCL gives 
 
 
 
 

 
 

(4) Currents at a node illustrating KCL. 
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Where M is the number of voltages in the loop (or the number of branches 

in the loop) and vmis the mth voltage 

 
The sign oneach voltage is the polarity of the terminal encountered first as we travel 

around the loop. We can start with any branch and go around the loop either 

clockwise or counterclockwise. Suppose we start with the voltage source and go 

clockwise around the loop as shown; then voltages would be−v1,+v2,+v3,−v4, and +v5, 

in that order. For example, as we reach branch 3, the positive terminal is met first; 

hence we have+v3. For branch 4, we reach the negative terminal first; hence, −v4. 

Thus, KVL yields 
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When voltage sources are connected in series, KVL can be applied to obtain the total 

voltage. The combined voltage is the algebraic sum of the voltages of the individual 

sources. For example, for the voltage sources shown in Fig. 2.20(a), the combined or 

equivalent voltage source in Fig. 2.20(b) is obtained by applying KVL. 
 

−Vab+ V1 + V2 −V3 = 0 
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Example 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Practice Problem   
 

 
 
 

Find v1 and v2 in the circuit of Fig 
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Example 
 
 

Determine voand iin the circuit shown in Fig 
 

 
 

Solution: 

We apply KVL around the loop as shown in Fig 
 

 
 

 
 
 
 
 

Practice Problem   
 
 
 
 

Find vx and vo in the circuit of 
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Example 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Practice Problem 

 
 
 
 

 
 

Example 
Find the currents and voltages in the circuit shown in Fig 
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We express this in terms of i1 and i2 

 
as expected since the two resistors are in parallel. We express v1 and v2 

in terms of i1 and i2 

 
 
 
 
 
 
 
 
 

 
 

Practice Problem 
 
 

Find the currents and voltages in the circuit shown in Fig 
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SERIESRESISTORS ANDVOLTAGEDIVISION 
 
 

The two resistors are in series, since the same current I flows in both of them. 

Applying Ohm’slaw to each of the resistors, we obtain 
 
 
 
 
 
 
 
 

v1 = iR1, v2 = iR2fig 6 

 
If we apply KVL to the loop (moving in the clockwise direction), we have 

 

 

 
 

 
 

 
 

 

 
 

 

To determine the voltage across each resistor in Fig 6 
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PARALLEL RESISTORS ANDCURRENTDIVISION 
 

Consider the circuit in Fig. where two resistors are connected in parallel and 

therefore have the same voltage across them. From Ohm’s law, 
 

v = i1R1 = i2R2 
 

 

 
 

 
Two resistors in parallel. 
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Note that Reqis always smaller than the resistance of the smallest resistor 

in the parallel combination. If R1 = R2 = ···  = RN = R, then 

 

 
 

 

 
 

It is often more convenient to use conductance rather than resistance when dealing 

with resistors in parallel. the equivalent conductance for N resistors in parallel is 
 

 
 

 
Where Geq= 1/Req,G1 = 1/R1,G2 = 1/R2,G3 = 1/R3, . . . , GN =1/RN 

 

 
 

Given the total current I entering node a in how do we obtain current i1 and i2? We 

know that the equivalent resistor has the same voltage, or 
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As an extreme case, suppose one of the resistors in is zero, say R2 = 0; that is, R2 is a 

short circuit, as shown in Fig8(a). R2 = 0 implies thati1 = 0, i2 = i. This means that 

the entire current ibypasses R1 and flows through the short circuit R2 = 0, the path 

of least resistance. Thus when a circuit is short circuited, as shown in Fig8(a), two 

things should be kept in mind: 

1. The equivalent resistance Req= 0. [See what happens when R2 = 0 

2. The entire current flows through the short circuit. 

As another extreme case, suppose R2 = ∞, that is, R2 is an open 

circuit, as shown in Fig. 2.33(b). The current still flows through the path 

of least resistance, R1. By taking the limit of Eq. (2.37) as R2→∞, we 

obtain Req= R1 in this case 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 8 
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Example 
 

Find Req for the circuit shown in Fig 
 

Solution 

To get Req, we combine resistors in series and in parallel. The 6-Ω and 3-Ω resistors 

are in parallel, so their equivalent resistance is 

 
 
 
 
 
 
 
 

 

 
Thus the circuit in Fig 1 is reduced to that in Fig. 2 (a). In Fig. 2. (a), we notice that the two 2-

Ω resistors are in series, so the equivalent resistance is 

 
This 4-Ω resistor is now in parallel with the 6- resistor in Fig. 2.(a); their equivalent 

resistance    

The circuit in Fig 2. (a) is now replaced with that in Fig. 2. (b). In Fig. 2. (b), the three 

resistors are in series. Hence, the equivalent resistance for the circuit is 

 

 
 
 

 
Fig 2 



Fundamentals of EE I 

Dr. Omar K. Alazzawi 

31 

 

 

 

 

Practice Problem 
 
 

By combining the resistors in Fig.. , find Req 
 

. Answer: 10Ω 
 

 
 
 
 
 
 

. 

Example 
 
 

Calculate the equivalent resistance Rabin the circuit in Fig 
 

 
 

Solution: 

The 3-Ω and 6-Ω resistors are in parallel because they are connected to the same two nodes 

c and b. Their combined resistance is 

 

 
Similarly, the 12- a Ω nd 4- Ω resistors are in parallel since they are connected 

to the same two nodes d and b. Hence 
 
 
 

Also the 1- Ω and 5- Ω resistors are in series; hence, their equivalent resistance is 
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Practice Problem 
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Example 
 

Find the equivalent conductance Geq for the circuit in Fig 

 

 
This 20-S resistor is now in series with 5 S as shown in Fig so that the combined 

conductance is 
 

 
 
 
 
 
 

We should note that the circuit in Fig. 2. (a) is the same as that in Fig. 2. (c). While the 

resistors in Fig. 2. (a) are expressed in siemens, those in Fig. 2. (c) are expressed in ohms. To 

show that the circuits are the same, we find for the circuit in Fig. 2. (c). 
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Practice Problem 
Calculate Geq in the circuit of Fig 

 
 

 

Example 
 
 

Find io and vo in the circuit shown in Fig.Calculate the power dissipated in the 3Ω 

resistor 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Or 
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Practice Problem 
 

Find v1and v2 in the circuit shown Also calculate i1  and i2   and the power dissipated 

in the 12- Ωand 40-Ω resistors 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Example 
 

For the circuit shown in Fig.determine: (a) the voltage vo, (b) the power supplied by 

the current source, (c) the power absorbed by each resistor 
 

 
Solution: 

(a) The 6-kΩ and 12-kΩ resistors are in series so that their combined value is 

. Thus the circuit in Fig. 2.44(a) reduces to that shown .We now                     

apply the current division technique 
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b 

 

 

Practice Problem 
 

For the circuit shown, find: (a) v1 and v2, (b) the power dissipated in the 3 kΩ and 20 

kΩ resistors, and (c) the power supplied by the current source 
 

 
 

 
 

 
 

WYE-DELTATRANSFORMATIONS 
 

Situations often arise in circuit analysis when the resistors are neither in parallel nor 

in series. For example, consider the bridge circuit in Fig. 1. How do we combine 

resistors R1 throughR6 when the resistors are neither in series nor in parallel? Many 

circuits of the type shown in Fig. 1 can be simplified by using three-terminal 

equivalent networks. These are 
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Fig 1 

 
the wye (Y) or tee (T) network shown in Fig. 2.  and the delta (Δ ) or pi ( п) network 

shown in Fig. 3. These networks occur by themselves or as part of a larger network. 

They are used in three-phase networks, electrical filters, and matching networks. 

Our main interest here is in how to identify them when they occur as part of a 

network and how to apply wye-delta transformation in the analysis of that network 
 

 
 

Fig 2. Two forms of the same network: (a) Y, (b) T. 

 

 
 

Fig 3 .Two forms of the same network: (a) ,Δ   (b) п 
 

 
 
 
 
 
 

Delta to Wye Conversion 
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Wye to Delta Conversion 

To obtain the conversion formulas for transforming a wye network to an 

equivalent delta network, we note from Eqs 
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Example 
 

 

 
 

(a) original" network, (b) Y equivalent network 
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Solution: 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Practice Problem 
 
 

Transform the wye network to a delta network. 
 

 

 
 

 
 
 

 



Fundamentals of EE I 

Dr. Omar K. Alazzawi 

41 

 

 

 

 

Example 
 

Obtain the equivalent resistance Rab for the circuit in Fig  and use it to find current 
i. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 4 
 
 

Equivalent circuits with the voltage source removed. 
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With the Y converted Δ to the equivalent circuit (with the voltage source removed for now) 

is shown in Fig. .4 (a). Combining the three pairs of resistors in parallel, we obtain 

 

 
 

So that the equivalent circuit is shown in Fig. 4 (b). Hence, we find 
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Practice Problem 
 

For the bridge network in Fig find Rab  and i. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
{ Answer: 40 Ω , 6 A.} 
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METHODS OF ANALYSIS 
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METHODS OF ANALYSIS 
 
 

Nodal analysis 
 
 

In nodal analysis, we are interested in finding the node voltages. 

Given a circuit with n nodes without voltage sources, the nodal analysis 

of the circuit involves taking the following three steps 
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Example 
 

Calculate the node voltages in the circuit shown in Fig. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

− 

3v1 + 5v2 = 60 
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Practice Problem 
 

Obtain the node voltages in the circuit 
 
 
 
 
 
 
 
 
 
 
 
 

Example 
 

Determine the voltages at the nodes in Fig ( a) 
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solution 
 

The circuit in this example has three nonreference nodes, unlike the previous 

example which has two nonreference nodes. We assign voltages to the three nodes as 

shown in Fig. 3.5(b) and label the currents 
 

 

 
circuit for analysis. 
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Practice Problem 
Find the voltages at the three nonreference nodes in the circuit 
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NODAL ANALYSIS WITHVOLTAGESOURCES 
We now consider how voltage sources affect nodal analysis. We use the 

circuit in Fig. 3.7 for illustration. Consider the following two possibilities. 

 

CASE If a voltage source is connected between the reference node and a 

nonreference node, we simply set the voltage at the nonreference node equal to the 

voltage of the voltage source. In Fig.  5, for example 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 

CASE  If the voltage source (dependent or independent) is connected between two 

nonreference nodes, the two nonreference nodes form  supernode; we apply both 

KCL and KVL to determine the node voltages. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

To apply Kirchhoff’s voltage law to the supernode in Fig . we redraw the circuit as shown in 

Fig . Going around the loop in the clockwise direction gives 
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Example 
For the circuit shown in Fig. find the node voltages. 

 
 
 

 
 
 

Solution: 

The supernode contains the 2-V source, nodes 1 and 2, and the 10Ω resistor. 

Applying KCL to the supernode as shown in Fig. 5. (a) gives 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 5 
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To get the relationship between V1 and V2 we apply KVL to the circuit in Fig. 5. (b). 

Going around the loop, we obtain 

 

 
Applying: (a) KCL to the supernode, (b) KVL to the loop. 

 

 
 
 
 

Practice Problem 
 

Find v and i in the circuit of Fig. 
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Example 
 

Find the node voltages in the circuit of Fig 
 

 
Solution: 

Nodes 1 and 2 form a supernode; so do nodes 3 and 4. We apply KCL to the two 

supernodes as in Fig. 6 . (a). At supernode 1-2, 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 6 
 

We now apply KVL to the branches involving the voltage sources as shown in Fig. 6. 

(b). For loop 1, 
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Practice Problem 
Find v1, v2, and v3, in the circuit of Fig. using nodal analysis 

 
 
 
 
 
 
 
 
 
 
 
 
 

Mesh Analysis 
 

Nodal analysis applies KCL to find unknown voltages in a given circuit, while mesh 

analysis appliesKVLto find unknown currents 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
In Fig for example, paths abefa and bcdeb are meshes, but path abcdefa is not a 

mesh. The current through a mesh is known as mesh current. In mesh analysis, we 

are interested in applying KVL to find the mesh currents in a given circuit. 

 

 
 

To illustrate the steps, consider the circuit in Fig. above The first step requires that 

mesh currents i1 and i2 are assigned to meshes 1 and 2. Although a mesh current  

may be assigned to each mesh in an arbitrary direction, it is  conventional to assume 

that   each mesh current flows clockwise. 
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Example 
For the circuit in Fig. find the branch currents and using mesh analysis 
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Practice Problem 
Calculate the mesh currents i1 and i2 of the circuit of Fig 
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Example 
Use mesh analysis to find the current io in the circuit of Fig. 



Fundamentals of EE I 

Dr. Omar K. Alazzawi 

61 

 

 

 



Fundamentals of EE I 

Dr. Omar K. Alazzawi 

62 

 

 

 

Practice Problem 
Using mesh analysis, find Io  in the circuit of Fig. 

 

 
 
 

 
Answer: - 4 A. 

 

 
 
 
 

Mesh Analysis with Current Sources 
 

Applying mesh analysis to circuits containing current sources (dependent or independent) 

Consider the following two possible cases Applying mesh analysis to circuits containing 

current sources (dependent or independent) may appear complicated. But it is 

actually much easier than what we encountered in the previous section, because the 

presence of the current sources reduces the number of equations. Consider the 

following two possible cases. 

 
 CASE 1 When a current source exists only in one mesh: Consider the circuit  for 

example. We set i2 = - 5A and write a mesh equation for the other mesh in the usual 

way; that is, 

 

 
 

 CASE 2 When a current source exists between two meshes: Consider the circuit 

in Fig. 7. (a), for example. We create a supermesh by excluding the current source 

and any elements connected in series with it, as shown in Fig. 7. (b). Thus, 
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Fig 7 

 

 
(a) Two meshes having a current source in common, (b) a supermesh, created by excluding the 

current source 

 
As shown in Fig.7 (b), we create a supermesh as the periphery of the two meshes and 

treat it differently. (If a circuit has two or more supermeshes that intersect, they 

should be combined to form a larger supermesh.) Why treat the supermesh 

differently? Because mesh analysis applies KVL—which requires that we know the 

voltage across each branch—and we do not know the voltage across a current source 

in advance. However, a supermesh must satisfy KVL like any other mesh Therefore, 

applying KVL to the supermesh in Fig. (b) gives 

 

 
 

We apply KCL to a node in the branch where the two meshes intersect. Applying 

KCL to node 0 in Fig (a) gives 
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Example 
For the circuit find i1 to i4 using mesh analysis 

.  

 
Solution: 

Note that meshes 1 and 2 form a supermesh since they have an independent current 

source in common. Also, meshes 2 and 3 form another supermesh because they have 

a dependent current source in common. The two supermeshes intersect and form a 

larger supermesh as shown. Applying KVL to the larger supermesh 
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Practice Problem 
 

Use mesh analysis to determine i1, i2 and i3 in 
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Summary 
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CIRCUIT THEOREMS 
 
 
 

 LINEARITYPROPERTY 
Linearity is the property of an element describing a linear relationship between  

cause and effect. Although the property applies to many circuit elements, we shall 

limit its applicability to resistors in this chapter. The property is a combination of 

both the homogeneity (scaling) property and the additivity property. The 

homogeneity roperty requires that if the input (also called th excitation) is multiplied 

by a constant, then the output (also called the response) is multiplied by the same 

constant. For a resistor, for example, Ohm’s law relates the input i to the output v, 
 
 
 
 
 
 
 
 
 
 
 
 

 
To understand the linearity principle, consider the linear circuit shown in Fig. 4.1. 

The linear circuit has no independent sources inside it. It is excited by a voltage 

source vs, which serves as the input. The circuit is terminated by a load R. We may 

take the current ithrough R as the output. Suppose vs= 10 V gives i= 2 A. According 

to the linearity principle, vs= 1 V will give i= 0.2 A. By the same token, i= 1 mA 

must be due to vs=5 mV 
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Example 
 

For the circuit find I0 when Vs. =12 V and Vs =24 V 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



Fundamentals of EE I 

Dr. Omar K. Alazzawi 

70 

 

 

 

Practice Problem 
For the circuit find vo when is = 30 A and  is = 45A 

 
 
 

Answer: 40 V, 60 V. 
 

 

 

Example 
 

Assume Io = 1A, and use linearity to find the actual value of Io in the circuit. 
 

 
 
 

Practice Problem 
 

Assume that Vo =1V and use linearity to calculate the actual value of Vo in the circuit 
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SUPERPOSITION 

 

Example 
Use the superposition theorem to find v in the circuit 

 
Solution: 

Since there are two sources, let 

Answer: 16 

 
 

whereV1 and V2 are the contributions due to the 6-V voltage source and the 3-A 

current source, respectively. To obtain v1, we set the current source to zero, as 

shown in Fig. (a). Applying KVL to the loop in 
 

 

 
 

 
(a) Calculating v1  (b) calculating v2. 
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Practice Problem 
 

Using the superposition theorem, find Vo in the circuit of Fig. 
 
 
 
 
 
 
 
 
 
 
 

Answer: 7.4 V. 
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Example 
 

Find io in the circuit using superposition theorem. 
 

 
Solution: 

The circuit involves a dependent source, which must be left intact. We let 

 

we have the circuit in Fig.  (a). We apply mesh analysis in order to 
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becomes that shown in Fig.  . (b). For loop 4, KVL gives 
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Practice Problem 
Use superposition to find in the circuit 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Example 
For the circuit in Fig. use the superposition theorem to find i. 
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Practice Problem 
Find I in the circuit using the superposition principle 

 
 
 
 
 
 
 
 
 
 
 

 

Example 
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Example 
 

Apply the superposition principle to find in the circuit 
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Example 
For the circuit find the terminal voltage Vab using superposition. 
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Example 
Use the superposition principle to find and in the circuit 
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Example 
Use superposition to find Vo in the circuit of Fig. 4.86. 
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Use superposition to solve for Vx in the circuit of 
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two circuits in Fig. 4.15 are equivalent—provided they have the same voltage- 

The 

current relation at terminals a-b. It is easy to show that they are indeed equivalent.  

If the sources are turned off, the equivalent resistance at terminals a-b in both 

circuits is R. Also, when terminals a-b are shortcircuited  the short-circuit current 

flowing from a to b is isc= vs/R in the circuit on the left-hand side and isc= is for the 

circuit on the righthand side. Thus, vs/R = is in order for the two circuits to be 

equivalent. Hence, source transformation requires that 
 
 
 
 
 

we should keep the following points in mind when dealing with source 

transformation 
. 

 
1. Note from Fig. 4.15 (or Fig. 4.16) that the arrow of the current source is directed toward 

the positive terminal of the voltage source. 

2. Note from Eq. (4.5) that source transformation is not possible whenR = 0, which is the 

case with an ideal voltage source. However, for a practical, nonideal voltage source, R _= 0. 

Similarly, an ideal current source with R =∞cannot be replaced by a finite voltage source. 

More will be said on ideal and nonideal sources 
 

 
Example 
Use source transformation to find in the circuit of Fig. 4.17. 
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Solution: 

We first transform the current and voltage sources to obtain the circuit in Fig.  . (a). 

Combining the 4Ω  and 2Ω  resistors in series and transforming the 12-V voltage 

source gives us Fig.  . (b). We now combine the 3Ω  and6Ω  resistors in parallel to get 

2Ω   . We also combine the 2-A and 4-A current sources to get a   2-A source by 

repeatedly applying source transformations, we obtain the circuit inFig.. (c). 
 

 
 

 

We use current division in Fig. (c) to get 

 
 
 
 
 

Alternatively, since the 8-Ωand 2-Ω resistors in Fig.. (c) are in parallel, they have the 

same voltage vo across them. Hence, 
 
 

E 
 

 

Practice Problem 

Find i0 in the circuit of Fig. 4.19 using source transformation 
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Example 
Find vx in circuit   using source transformation 

 
 

 
 

 
Solution: 

The circuit in Fig.  .  involves a voltage-controlled dependent current source. We 

transform this dependent current source as well as the 6-V independent voltage 

source as shown in Fig.  . (a). The 18-V voltage source is not transformed because it 

is not connected in series with any resistor. The two 2-Ω resistors in parallel combine 

to give a 1Ω resistor, which is in parallel with the 3-A current source. The current 

source is transformed to a voltage source as shown in Fig.(b). Notice that the 

terminals for vx are intact. Applying KVL around the loop in Fig (b) gives 
 

 

 
 

 

 
Alternatively, we may apply KVL to the loop containing vx , the 4-Ω resistor, the 

voltage-controlled dependent voltage source, and the 18-V voltage source in Fig.  (b). 

We obtain 
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  Practice Problem 
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The following steps provide a technique which converts any circuit into 

itsThévenin equivalent: 

 
1. Remove the load from the circuit. 

 
2. Label the resulting two terminals. We will label them as a and b, although 

any notation may be used. 

 
3. Set all sources in the circuit to zero. Voltage sources are set to zero by replacing 

them with short circuits (zero volts). Current sources are set to zero by replacing 

them with open circuits (zero amps). 

 
4. Determine the Thévenin equivalent resistance, RTh, by calculating the 

resistance “seen” between terminals a and b. It may be necessary to redraw the 

circuit to simplify this step. 

 
5. Replace the sources removed in Step 3, and determine the open-circuit voltage 

between the terminals. If the circuit has more than one source, it may be necessary 

to use the superposition theorem. In that case, it will be necessary to determine the 

open-circuit voltage due to each source separately and then determine the combined 

effect. The resulting open-circuit voltage will be the value of the Thévenin voltage, 

ETh. 

 
6. Draw the Thévenin equivalent circuit using the resistance determined in Step 4 

and the voltage calculated in Step 5. As part of the resulting circuit, include that 

portion of the network removed in Step 1 
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Example 
Find the Thevenin equivalent circuit of the circuit shown in Fig. 4.27, to the 

left of the terminals a-b Then find the current through  RL=6 , 16 , And  36 

Ω 
 

 
Solution: 

 

 

open circuit). The circuit becomes what is shown in Fig. (a). 

Thus, 

 
. (a) finding RTh, (b) finding VTh. 

 
To find VTh consider the circuit in Fig. (b). Applying mesh analysis to the two loops: 
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as obtained before. We could also use source transformation to find VTh. The 

Thevenin equivalent circuit is shown in Fig. 
 

 
 
 
 
 
 
 
 
 
 
 

The current through RL is 

 

Practice Problem 
Using Thevenin’s theorem, find the equivalent circuit to the left of the terminals in 

the circuit of Fig.   Then find I. 
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Example 
 

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

 

 
Solution: 

This circuit contains a dependent source, unlike the circuit in the previous example. 

To find RTh we set the independent source equal to zero but leave the dependent 

source alone. Because of the presence of the dependent source, however, we excite 

the network with a voltage source vo connected to the terminals as indicated in Fig. 

(a). We may set  vo = 1 V to ease calculation, since the circuit is linear. Our goal is to 

find the current io through the terminals, and then obtain  

(Alternatively, we may insert a 1-A current source, find the corresponding voltage 

vo, and obtain RTh = vo/1.) 

 

 
 

 

Applying mesh analysis to loop 1 in the circuit of Fig. (a) 

results in 
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To get VTh , we find voc in the circuit of Fig (b). Applying mesh analysis, 

we get 

 
 

 

The Thevenin equivalent is as shown in Fig. 
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Practice Problem 
Find the Thevenin equivalent circuit of the circuit to the left of the terminals 

 

 
 
 
 

 
 

Example 
Determine the Thevenin equivalent of the circuit in Fig.4-35 (a) at terminals a-b. 
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Practice Problem 
Obtain the Thevenin equivalent of the circuit in Fig 

 
 

 
 

 
 
 

4.6 NORTON’S THEOREM 
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The following steps provide a technique which allows the conversion of any circuit into 

its Norton equivalent: 

 
1. Remove the load from the circuit. 

 
2. Label the resulting two terminals. We will label them as a and b, although any 

notation may be used. 

 
3. Set all sources to zero. As before, voltage sources are set to zero by replacing them 

with short circuits and current sources are set to zero by replacing them with open 

circuits. 

4. Determine the Norton equivalent resistance, RN, by calculating the resistance seen 

between terminals a and b. It may be necessary to redraw the circuit to simplify this 

step. 

 
5. Replace the sources removed in Step 3, and determine the current which would occur 

in a short if the short were connected between terminals a andb. If the original circuit 

has more than one source, it may be necessary to use the superposition theorem. In this 

case, it will be necessary to determine the short-circuit current due to each source 

separately and then determine the combined effect. The resulting short-circuit current 

will be the value of the Norton current IN. 

 
6. Sketch the Norton equivalent circuit using the resistance determined in Step 4 and the 

current calculated in Step 5. As part of the resulting circuit, include that portion of the 

network removed in Step 1. The Norton equivalent circuit may also be determined 

directly from the Thévenin equivalent circuit by using the source conversion technique 
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we see that the relationship between the circuits is as follows: 

 

 

Example 
Find the Norton equivalent circuit of the circuit in Fig. 4.39 at terminals a-b. 

 

 

 

To find IN, we short-circuit terminals a and b, as shown in Fig. (b). We 

ignore the 5- Ω resistor because it has been short-circuited. Applying 

mesh analysis, we obtain 
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Alternatively, we may determine IN  from VTh / RTh We obtain VTh as the open- 

circuit voltage across terminals  a  and  b I n Fig (c). Using mesh analysis, we obtain 
 

 

 
 

 
 

 



Fundamentals of EE I 

Dr. Omar K. Alazzawi 

101 

 

 

 

 

Practice Problem 
Find the Norton equivalent circuit for the circuit in Fig. 4.42, at terminals a-b. 

 
 
 

 
 

 
 
 
 
 
 
 
 

Example 
Using Norton’s theorem, find RN and IN of the circuit at terminals a-b. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

b). Note from this figure that the resistor, the 10-V voltage 

source, the resistor, and the dependent current source are all in parallel. Hence, 
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(a) finding RN, (b) finding IN. 
 

 
 
 
 
 
 
 

Practice Problem 
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MAXIMUMPOWERTRANSFER 

 
 

 

 
 
 

The maximum power transferred is 
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Example 
Find the value of for maximum power transfer in the circuit. Find the 

maximum power 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a) finding RTh, (b) finding VTh 
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Practice Problem 
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Summary 


