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Objectives
o Understand DC circuits, including basic components and their behavior.

o Apply Ohm's Law to calculate voltage, current, and resistance in DC circuits.

o Apply Kirchhoff's Laws to solve complex DC circuit problems.

o Develop problem-solving skills through examples and practice problems.

o Recognize the importance of DC circuits in electrical engineering.
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Introduction 

• The laws which determine the currents and voltage drops in DC networks are: 

(a) Ohm’s law 

(b) The laws for resistors in series and in parallel 

(c) Kirchhoff’s laws 

• In addition, there are a number of circuit theorems which have been developed for solving problems in 
electrical networks. These include:

(i) The superposition theorem 

(ii) Th´evenin’s theorem 

(iii) Norton’s theorem, and

(iv) The maximum power transfer theorem.
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Types of Electric Current 

• There are 2 types of Electric Current – AC (Alternating Current and DC (Direct Current).

• What is an Alternating Current (AC)?

• In alternating current, the electric charge flow changes its direction periodically. AC is the most commonly used and most-
preferred electric power for household equipment, office, buildings, etc.

• Alternating current can be identified in a waveform called a sine wave. In other words, it can be referred to as a curved line. 
These curved lines represent electric cycles and are measured per second. The measurement is read as Hertz (Hz).

• What is Direct Current (DC)?

• Unlike alternating current, the flow of direct current does not change periodically. The current electricity flows in a single 
direction in a steady voltage. The major use of DC is to supply power to electrical devices and also to charge batteries. 
Example: mobile phone batteries, flashlights, flat-screen television and electric vehicles. DC has the combination of a plus 
and a minus sign, a dotted line or a straight line.
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Properties of AC and DC

Alternating Current Direct Current

AC is easy to be transferred over longer distances – 
even between two cities – without much energy loss.

DC cannot be transferred over a very long distance. It 
loses electric power.

The rotating magnets cause the change in direction of 
electric flow.

The steady magnetism makes DC flow in a single 
direction.

The frequency of AC is dependent upon the country. 
But, generally, the frequency is 50 Hz or 60 Hz.

DC has no frequency or zero frequency.

In AC the flow of current changes its direction forward 
and backward periodically.

It flows in a single direction steadily.

Electrons in AC keep changing their directions – 
backward and forward.

Electrons only move in one direction –  forward.
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Network analysis
There are two general approaches to network analysis:

• Direct Method:

The network is left in its original form while determining its different voltages and currents. 

Such methods are usually restricted to fairly simple circuits and include Kirchhoff's laws, Loop 
analysis, Nodal analysis, superposition theorem, Compensation theorem and Reciprocity theorem and 
… etc.

• Network Reduction Method:

The original network is converted into a much simpler equivalent circuit for rapid calculation of 
different quantities. 

This method can be applied to simple as well as complicated networks. Examples of this method are: 
Delta/Star and Star/Delta conversions, Thevenin's theorem and Norton's Theorem etc.
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Terminology 
• Circuit: A circuit is a closed conducting path through which an electric current either flows or is intended flow.

• Parameters: The various elements of an electric circuit are called its parameters like resistance, inductance and 

capacitance. These parameters may be lumped or distributed.

• Electric Network: A combination of various electric elements, connected in any manner whatsoever, is called an electric 
network.

• Electromotive force, also called emf is the voltage developed by any source of electrical energy such as a battery or 
dynamo. It is generally defined as the electrical potential for a source in a circuit.

• Passive Network: It is one which contains no source of e.m.f. in it.

• Active Network: It is one which contains one or more than one source of e.m.f.

• Branch: It is that part of a network which lies between two junctions.

• Loop: It is a close path in a circuit in which no element or node is encountered more than once.

• Node: It is a junction in a circuit where two or more circuit elements are connected together.
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Loops and nodes 
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Kirchhoff’s Rules
• Many practical resistor networks cannot be reduced to simple series-

parallel combinations. Figure a shows a dc power supply with emf 
𝜀1 charging a battery with a smaller emf 𝜀2 and feeding current to a light bulb 
with resistance R. Figure b is a “bridge” circuit, used in many different types 
of measurement and control systems. To compute the currents in these 
networks, we’ll use the techniques developed by the German physicist Gustav 
Robert Kirchhoff.

• First, here are two terms that we will use often. A junction in a circuit is a point 
where three or more conductors meet. A loop is any closed conducting path. In 
Fig. a points a and b are junctions, but points c and d are not; in Fig. b the points 
a, b, c, and d are junctions, but points e and f are not.

• The blue lines in Figs. a and b show some possible loops in these circuits.

• The junction rule is based on conservation of electric charge. No charge can 
accumulate at a junction, so the total charge entering the junction per unit time 
must equal the total charge leaving per unit time. if we consider the currents 
entering a junction to be positive and those leaving to be negative, the algebraic 
sum of currents into a junction must be zero. It’s like a T branch in a water pipe.

• Suppose we go around a loop, measuring potential differences across 
successive circuit elements as we go. When we return to the starting point, we 
must find that the algebraic sum of these differences is zero;
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Kirchhoff’s Laws
• Kirchhoff’s rules are the following two statements:

• Kirchhoff’s junction rule (also called Kirchhoff's current law –KCL): The algebraic sum of the 
currents into any junction is zero. That is,

• Kirchhoff’s loop rule (also called Kirchhoff’s voltage law –KVL): : The algebraic sum of the 
potential differences in any loop, including those associated with emfs and those of resistive 
elements, must equal zero. That is,
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Kirchhoff's Current Law (KCL)

෍ 𝑰 =  0 …  𝒂𝒕 𝒂 𝒋𝒖𝒏𝒄𝒕𝒊𝒐𝒏

‘‘In any electrical network, the algebraic sum of the currents meeting at a point (or 

junction) is zero’’
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Kirchhoff's Voltage Law (KVL)

• The algebraic sum of the products of currents and resistances in each of the conductors in any 
closed path (or mesh) in a network plus the algebraic sum of the e.m.f. in that path is zero.

• σ IR  +  σ e. m. f.  =  0    𝒂𝒓𝒐𝒖𝒏𝒅 𝒂 𝒎𝒆𝒔𝒉

v1 + v2 + v3 - v4 = 0
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Sign Conventions for the Loop Rule
• We first assume a direction for the current in each branch of the circuit and mark it on a diagram of the circuit. 

Then, starting at any point in the circuit, we imagine traveling around a loop, adding emfs and IR terms as we 
come to them. When we travel through a source in the direction from – to + the emf is considered to be 
positive; when we travel from + to - the emf is considered to be negative. When we travel through a resistor in 
the same direction as the assumed current, the IR term is negative because the current goes in the direction of 
decreasing potential. When we travel through a resistor in the direction opposite to the assumed current, the 
IR term is positive because this represents a rise of potential.

• Kirchhoff’s two rules are all we need to solve a wide variety of network problems. Usually, some 
of the emfs, currents, and resistances are known, and others are unknown. We must always obtain 
from Kirchhoff’s rules a number of independent equations equal to the number of unknowns so 
that we can solve the equations simultaneously. Often the hardest part of the solution is not 
understanding the basic principles but keeping track of algebraic signs!
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• Problem 2. Use Kirchhoff’s laws to determine the currents flowing in each branch of the 
network shown in Figure 13.4.
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• Problem 3. Determine, using Kirchhoff’s laws, each branch current for the network shown in Figure  below,
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• Problem 4. For the bridge network shown in Figure below, determine the currents in each of the resistors.

• Solution 

19



20



Problem 5: What is the voltage 𝑽𝒔 across the open switch in the circuit of this figure?

Solution 1: 

Taking the outer closed loop ABCDA and applying KVL to it, we get: 
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Circuit Symbols 
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Circuit Symbols 
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Voltage source and current source 
• Voltage source: A voltage source can be defined as a device that supplies a 

constant voltage to a load. A voltage source can produce varying voltage, 
such as an AC power supply, or it can provide a constant voltage like a 
battery.

•  Current source: it is harder to visualize a current source physically. In 
theory, it is defined as a device that could source a steady amount of 
current regardless of the voltage required for a load. A practical current 
source couldn’t sustain the required current if the voltage across the load 
rises to a certain level.

• A current source usually involves transistors. You do not have a single 
component that is specifically a current source. A current source is usually 
derived from transistors.

• For instance, the emitter current of a BJT transistor is defined by the 
current that flows through the base. By providing a positive voltage at the 
base-emitter junction, a constant current will flow through the emitter 
which is a direct function of base current.
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Dependent and independent sources 

• Independent sources: The values of the sources presented are fixed and do not depend on any 
parameter or element of the surrounding circuit.

• Dependent Source or controlled source, provides a supply whose magnitude depends on either 
the voltage across or current flowing through some other circuit element.

• Types of controlled sources:

1. Voltage controlled voltage source

2. Current controlled voltage source 

3. Current controlled current source, and 

4. Voltage controlled current source

25



Dependent and independent sources 
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Dependent and independent sources 

The Current-controlled Dependent Voltage
Voltage-controlled Dependent Voltage
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Problem 6
• Using Kirchhoff's current law. Find the values of the currents i1 and i2 in the 

circuit of this Figure which contains a current-dependent current source. All 
resistances are in ohms.

Applying KCL to node A, we get:
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Problem 7
• In the circuit shown in this Figure. Apply KCL to find the value of i for the case 

when  (a) 𝒗 =  𝟐𝑽  (b) 𝒗 =  𝟒 𝑽   (c) 𝒗 =  𝟔 𝑽. The resistor values are in ohms.
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Open circuit, close circuit and short circuit 

• Open circuit: no current is drawn or supplied between two terminals.

• A short circuit is an electrical circuit that allows a current to travel along an unintended path with 
no or very low electrical impedance.

• Closed circuit: current passing naturally around a complete and close loop.
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Circuit containing elements 

• RC circuit 

• The RC circuit (Resistor Capacitor Circuit) will consist of a Capacitor and a Resistor connected either in series or 
parallel to a voltage or current source. These types of circuits are also called as RC filters or RC networks since they are 
most commonly used in filtering applications. 

• In the circuits we have analyzed up to this point, we have assumed that all the emfs and resistances are constant (time 
independent) so that all the potentials, currents, and powers are also independent of time. But in the simple act of charging 
or discharging a capacitor we find a situation in which the currents, voltages, and powers do change with time.
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RL Circuit: The RL Circuit (Resistor Inductor Circuit) will consist of an Inductor 
and a Resistor again connected either in series or parallel. A series RL circuit will be 
driven by voltage source and a parallel RL circuit will be driven by a current source.

RLC Circuit:

A RLC circuit is a circuit contains resistors, inductors and capacitors, connected in 
series or parallel. The circuit mostly provide an oscillation in radio transmission 
circuits. 
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Conclusion 

• Mastery of DC circuits and Kirchhoff's laws is vital for electrical engineering.

• We've covered series circuits, and Kirchhoff's laws.

• These principles enable analysis and solving of complex circuit problems.

• Continued practice will reinforce understanding and application.

• This knowledge forms a strong foundation for advanced electrical engineering 

topics.
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