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TOPIC

: ELECTRIC CIRCUIT THEORY

AIM

:
1. To develop an understanding of the fundamental laws and elements of
electric circuits.
2. To learn the energy properties of electric elements and the techniques to
measure voltage and current.
3. To understand waveforms, signals, and transient, and steady-state
responses of RLC circuits.
4. To develop the ability to apply circuit analysis to DC and AC circuits.
5. To develop the phenomenon of resonance in coupled circuits
:
1.To introduce electric circuits and its analysis

OBJECTIVES

2. To impart knowledge on solving circuits using network theorems
3.To introduce the phenomenon of resonance in coupled circuits
PRE TEST-MCQ TYPE
:
1. Resistivity of a wire depends on
(A) length
(B) material
(C) cross section area
(D) none of the above.
2. When n resistances each of value r are connected in parallel, then resultant resistance is x.
When these n resistances are connected in series, total resistance is
(A) nx
(B) rnx
(C) x / n
(D) n2 x.
3. Kirchhoff's second law is based on law of conservation of
(A) charge
(B) energy
(C) momentum
(D) mass.

4. Ampere second could be the unit of
(A) power
(B) conductance
(C) energy
(D) charge.
5. An electric current of 5 A is same as
(A) 5 J / C
(B) 5 V / C
(C) 5 C / sec
(D) 5 w / sec.
APPLICATIONS

:

1.Potentiometers
Dimmer switches are actually adjustable voltage dividers referred to as potentiometers in the
electrical engineering world. From a circuit analysis perspective, you can model a potentiometer
as two resistors connected in series. The connection or junction point between the two resistors is
where the wiper arm is located to vary the resistance.
By varying the amount of resistance, you vary the amount of voltage. In the case of dimmer
switches, this variance allows you to adjust the lighting in a room.
2. Digital-to-analog conversion using op amps
To talk to the real world, a computer needs digital-to-analog converters. You can use an
operational amplifier (op amp) with multiple inputs to feed an inverting summer using an op
amp. To reduce the number of resistors using an inverting summer, you use an R-2R network.
Only two resistor values are needed in an R-2R network for any number of digital inputs. When
analyzing this circuit, you use superposition and the Thévenin equivalent.
3. Two-speaker systems
A two-speaker system has one speaker called a tweeter that handles high-frequency music and
another speaker called the woofer that handles the low frequencies. The input audio signal feeds

across the series connection of a capacitor and resistor. The resistor terminals feed the input of
the tweeter, and the capacitor terminals feed the woofer.
To analyze a two-speaker system from a frequency perspective, you need to know about highpass and low-pass filters.
4. Interface techniques using resistors
You can connect resistors to a device load in order to avoid exceeding the device’s power
ratings. For example, you can connect a resistor in series or in parallel to a device wherever you
want to limit the voltage across and/or the current through the device.
Say you want to show that a light emitting diode (LED) is turned on. You need to limit the
current going through the LED; otherwise, you may destroy it with too much current. To limit
the current, you connect resistors to limit the current or voltage of the diode. Circuit analysis
helps you determine how much resistance you need to protect the diode.

MCQ POST TEST :
1. Which of the following theorem is used for the analysis of a transistor circuit
(a) Thevenin’s theorem.
(b) Superposition theorem.
(c) Norton’s theorem.
(d) Reciprocity.
2. The most elementary form of a loop which cannot be further divided into other loops is called
(a) node.
(b) branch.
(c) loop.
(d) mesh.
3.An element which supplies electric energy to the circuit is called
(a) active element
(b) passive lement
(c) bilateral element
(d) source element
4. The internal conductance of ideal voltage source is
(a) infinite.
(b) zero.
(c) equal to internal resistance.
(d) equal to external collector.

5. An ideal voltage source has
(a) infinite internal resistance.
(b) zero internal resistance.
(c) infinite current.
(d) zero current.
6. When short circuit, current flow in circuit will
(a) Zero.
(b) Very Low.
(c) Normal.
(d) Infinite.
7. In the power system, under the conditions of maximum power transfer, the efficiency is nearly
(a) 0 %.
(b) 50 %.
(c) 100 %.
(d) maximum.
8.Superposition theorem is used when the circuit contains
(a)passive lements only
(b)active elements only
(c)a single voltage source
(d) a number of voltage source
9. Which of the following theorem is used for the analysis of a vacuum tube circuit?
(a) Thevenin’s theorem.
(b) Superposition theorem.
(c) Norton’s theorem.
(d) none of the above.
10. If the supply frequency of an purely capacitive circuit is reduced by half, then the circuit
current is
(a)zero.
(b) doubled.
(c) remain same.
(d) reduced by half.

UNIT- I
CIRCUIT CONCEPTS AND MESH & NODAL METHODS


INTRODUCTION

Circuit – A circuit is a conductor with a closed loop by which the an electrical current flows.
Path – a single line of components or sources that connect to each other.
Node – Within a circuit, a node is a junction, connector, or terminal where two or more circuit
components are connected or linked together to provide a contact point among two or more
branches. A dot is used to represent a node.
Branch – A branch is a single or set of components connected between two nodes, including
such resistors or a source.
Loop – In a circuit, a loop is a simple closed path where no circuit element or node appears
more than once.
Mesh – A mesh is a simple closed loop sequential path with no other paths in it. Within a
mesh, there are no loops.


KIRCHOFF’S LAWS


KIRCHOFF’S CURRENT LAW:

The algebraic sum of currents entering a junction or node is exactly equal to the current leaving a
junction or node as it has no other place to go except to leave, as no charge is lost within the
node.



KIRCHOFF’S VOLTAGE LAW:

In any closed network, the algebraic sum of voltages around the loop is equal to the algebraic
sum of all the voltage drops within the same loop.



CURRENT RELATIONSHIPS OF R, L AND C:

RESISTANCE: denoted by R. unit of resistance is ohm(Ω).The property of the material to
restrict the flow of electrons is called resistance.

INDUCTANCE: denoted by L.unit is henry(H).The inductance is one henry when current
through the coil,changing at the rate of one ampere per second induces one volt across the coil.

CAPACITANCE: denoted by C.unit is Farad(F).One Farad is the amount of capacitance when
one coulomb of charge is stored with one volt across the plates.



SIMPLE RESISTIVE CIRCUITS:
 SERIES RESISTANCE:
The total voltage in series circuit is the sum of the voltages in the series connected
resistors.
V= V1+V2+V3+V4+…..Vn

Total resistance in series circuit is sum of the series connected resistances .
R = R1+R2+R3+Rn

VOLTAGE DIVISION RULE: Series circuit acts as a voltage divider.

Example 1. What is the voltage across the 10 ohm resistor in the given circuit.

POWER IN SERIES CIRCUIT:
PS = P1 +P2 +P3 +P4 +……..Pn

PARALLEL RESISTANCE:
When the circuit is connected in parallel the resistance of the circuit decreases as the
number of resistors connected in parallel increases.The current equation in parallel circuit is
given by
I=I1+I2+I3+……In

CURRENT DIVISION:

EXAMPLE 1: Determine the current through each resistor in the circuit.

 MESH ANALYSIS:
Mesh analysis is applicable only for planar networks.A circuit is
said to be planar if it can be drawn on a plane surface withput
crossovers.
Example 1: write the mesh current equations in the circuit shown and determine the currents.

 NODAL ANALYSIS :
The node voltage is the voltage of a given node with respect to one
particular node called the reference node.

Example 1: write the node voltage equations and determine the currents in each branch for the
network shown.

UNIT-II
SINUSOIDAL STEADY STATE ANALYSIS
 THE SINE WAVE:
Alternating voltages and currents are represented by a sinusoidal
wave.The sinusoidal wave is generally referred to as sine wave.An alternating voltage waveform
is defined as the voltage that fluctuates with time periodically,with change in polarity and
direction.

The relation between time period and frequency is given by

A sine wave with a longer period consists of fewer cycles than one with a shorter period.

Ex 1. The period of a sine wave is 20 milliseconds. What is the frequency.

= 1/20 = 50 Hz

 PHASE OF A SINE WAVE:
The phase of a sine wave is an angular measurement that
specifies the position of the sine wave relative to a reference.

In the above figure the sine wave is shifted to the right by 90֠ (π/2).There is a phase angle of 90֠
between A and B.The waveform B is lagging A by 90֠ .
 SINE WAVE EQUATION:
The sine wave is represented by the equation,

v(t) = Vm sin wt


PHASE RELATION IN PURE
RESISTOR:
The voltage /current relation in case of a resistor is linear.

v(t) = i(t) R
In pure resistive circuits the voltage and currents are said to be in phase.Hence the term
impedance is defined as the ratio of voltage to current.
Z= R


PHASE RELATION IN PURE
INDUCTOR:
Voltage and current relation in the case of an inductor is given by

v(t) =

In pure inductor the current lags behind the voltage by 90֠.

Z= jwL = JXL


PHASE RELATION IN PURE
CAPACITOR:
The relation between voltage and current is given by
v(t) =

In a pure capacitor, the current leads the voltage by 90֠.The impedance value of a pure
capacitor
XC =

 POWER:
 INSTANTANEOUS POWER:

 AVERAGE POWER(W):
Pav =

= Im2 R
 APPARENT POWER (W):
Apparent power = V I
 POWER FACTOR:
Power factor is defined as the ratio of average power to the apparent power .
Power factor = cos Ø
 REACTIVE POWER(VAR):

P = VI sinØ
 RESONANCE:

SERIES RESONANCE:

 Q-FACTOR:

UNIT-III
NETWORK THEOREMS AND APPLICATIONS
 THEVENIN’S THEOREM:
Any two linear network having a number of voltage current sources and resistances can be
replaced by a simple equivalent circuit consisting of a single voltage source in series with a
resistance ,where the value of the voltage source is equal to the open circuit voltage across the
two terminals of the network and resistance is equal to the equivalent resistance meadsured
between the terminals with all the energy sources are replaced by their internal resistances.

 NORTON’S THEOREM:
The Norton equivalent form of any complex impedance circuit consists of an
equivalent current source IN and an equivalent impedance ZN arranged as shown
below.

Norton’s current is equal to the current passing through the short circuited output
terminals and the value of impedance is equal to the impedance seen into the
network across the output terminals.
1. Find the Norton’s equivalent circuit for the circuit given.

 SUPERPOSITION THEOREM:
In any linear network containing two or more sources, the response in any
element is equal to the algebraic sum of the responses caused by individual sources acting
alone,while the other sources are non-operative.

 MAXIMUM POWER TRANSFER THEOREM:
Maximum power is delivered from a source to a load when the load resistance is equal to
the source resistance .

UNIT-IV
TRANSIENT ANALYSIS
 DC response of an RL circuit:
Consider a circuit containing resistance and inductance as shown in the figure
below.The inductor in the circuit is initially uncharged and is in series with the resistor.When
the switch s is closed, we can find the complete solution for the current.
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 DC response of an RC circuit:
Consider a circuit containing resistance and capacitance as shown in the figure
below. The capacitor in the circuit is initially uncharged and is in series with a
resistor.When the switch S is closed at t=0, we can determine the complete
solution for the current.
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By differentiating above equation we get,

Current equation is

 DC Response of RLC Circuit:
Consider a circuit consisting of resistance, inductance and
capacitance as shown in the figure below.The capacitor in the circuit is initially uncharged and is
in series with a resistor. When the switch S is closed at t=0, we can determine the complete
solution for the current.
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UNIT-V
TWO PORT NETWORKS AND SYNTHESIS

 TWO PORT NETWORK:
Two port network has one pair of input terminal and one pair output
terminal.Such

a

building

block

is

very

common

in

electronic

systems,communication systems,transmission and distribution systems.

 OPEN CIRCUIT IMPEDANCE(Z) PARAMETERS:

The Z parameters of a two port for the positive directions of voltages and currents may be
defined by expressing the port voltage V1 and V2 in terms of the currents I1 and I2.Here V1 and
V2 are dependent variable and I1 and I2 are independent variables.

V1= Z11I1 + Z12I2

------------(1)

V2= Z21I1 + Z22I2

------------(2)

Z11 ,Z12 ,Z21 ,Z22 are called impedance(Z) parameters.

Z11 =

---- open circuit input impedance

Z12 =

---- open circuit forward transfer impedance

Z21 =

---- open circuit reverse transfer impedance

Z22 =

---- open circuit output impedance



SHORT CIRCUIT ADMITTANCE (Y) PARAMETERS

The Y parameters of a two port for the positive directions of voltages and currents may be
defined by expressing the port currenst I1 and I2 in terms of the voltages V1 and V2. I1,I2 are
dependent variables and V1 and V2 are independent variables I1 may be considered to be the
superposition of two components,one caused by V1 and other by V2.Thus,

I1 = Y11V1 + Y12V2
I2 = Y21V1 + Y22V2

Y11 =
Y21 =

------ Short circuit input admittance
-------- Short circuit forward transfer admittance

Y12 =

---------- Short circuit reverse transfer admittance

Y22 =

---------- Short circuit output admittance



TRANSMISSION (ABCD) PARAMETERS:

Transmission parameters or ABCD parameters are widely used in transmission line theory and
cascade networks.In describing the transmission parameters the input variables V1 and I1 at port
1-1’,usually called the sending end are expressed in terms of the output variables V2 and I2 at
port 2-2’ called the receiving end. They are defined by
V1 = AV2 – BI2
I1 = CV2 – DI2

A=

------Open circuit voltage gain

-B=

-------Short circuit transfer admittance

C

------ open circuit transfer impedance

-D



------- short circuit current gain

HYBRID PARAMETERS
Hybrid parameters or h parameter find extensive use in transistor circuits.The
hybrid matrices describe two port when the voltage of one port and the current of
other port are taken as the independent variables.

V1 = h11 I1 + h12 I2
V2 = h21 I1 + h22 I2

h11 =

------------ Short circuit input impedance

h21 =

------------ Short circuit forward current gain

h12 =

------------- Open circuit reverse voltage

h22 =

-------------- Open circuit output admittance

ASSIGNMENT:
1.Calculate the Thevenin resistance across the terminal AB for the following circuit.

2. Calculate Vth for the given circuit.

3.Calculate the voltage across the 5ohm resistor

4. Calculate the value of V1 and V2

.

5. Consider the circuit shown below. Find the voltage across 2Ω resistor due to the 10V voltage
source using Superposition theorem.

CONCLUSION

:

At the end of the course, the students will be able to:
 Concepts, Nodal, Mesh methods
 Sinusoidal Analysis, Resonance, three phase circuits
 Network Theorem and Application
 Circuit Response RLC, DC & AC Excitation
 Two Port Networks, synthesis Networks
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