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INSTITUTIONAL VISION AND MISSION

VISION:

Development of academically excellent, culturally vibrant, socially responsible and globally

competent human resources.

MISSION:

e To keep pace with advancements in knowledge and make the students competitive and
capable at the global level.

e To create an environment for the students to acquire the right physical, intellectual,

emotional and moral foundations and shine as torchbearers of tomorrow's society.

e To strive to attain ever-higher benchmarks of educational excellence

DEPARTMENT VISION AND MISSION
VISION:

To create Electrical and Electronics Engineers who excel to be technically competent and fulfill

the cultural and social aspirations of the society.

MISSION:

e To provide knowledge to students that builds a strong foundation in the basic principles
of electrical engineering, problem solving abilities, analytical skills, soft skills and
communication skills for their overall development.

e To offer outcome based technical education.

e To encourage faculty in training & development and to offer consultancy through

research & industry interaction.



PROGRAMME OUTCOMES:

Engineering Graduates will be able to:

PO1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering
fundamentals, and an engineering specialization to the solution of complex engineering
problems.

PO2. Problem analysis: Identify, formulate, review research literature, and analyze complex
engineering problems reaching substantiated conclusions using first principles of mathematics,
natural sciences, and engineering sciences.

PO3. Design/development of solutions: Design solutions for complex engineering problems
and design system components or processes that meet the specified needs with appropriate
consideration for the public health and safety, and the cultural, societal, and environmental
considerations.

PO4. Conduct investigations of complex problems: Use research-based knowledge and
research methods including design of EXPERIMENTS, analysis and interpretation of data, and
synthesis of the information to provide valid conclusions.

POS5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and
modern engineering and IT tools including prediction and modeling to complex engineering
activities with an understanding of the limitations.

POG6. The engineer and society: Apply reasoning informed by the contextual knowledge to
assess societal, health, safety, legal and cultural issues and the consequent responsibilities
relevant to the professional engineering practice.

PO7. Environment and sustainability: Understand the impact of the professional engineering
solutions in societal and environmental contexts, and demonstrate the knowledge of, and need
for sustainable development.

PO8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and
norms of the engineering practice.

PO9. Individual and team work: Function effectively as an individual, and as a member or
leader in diverse teams, and in multidisciplinary settings.

PO10. Communication: Communicate effectively on complex engineering activities with the
engineering community and with society at large, such as, being able to comprehend and write
effective reports and design documentation, make effective presentations, and give and receive
clear instructions.
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MODULE-1:

INTRODUCTION:

An Electric circuit is an interconnection of various elements in which there is at least one closed
path in which current can flow. An Electric circuit is used as a component for any engineering system.

The performance of any electrical device or machine is always studied by drawing its electrical
equivalent circuit. By simulating an electric circuit, any type of system can be studied for e.g.,
mechanical, hydraulic thermal, nuclear, traffic flow, weather prediction etc.

All control systems are studied by representing them in the form of electric circuits. The analysis, of
any system can be learnt by mastering the techniques of circuit theory.

The analysis of any system can be learnt by mastering the techniques of circuit theory.

Elements of an Electric circuit:

An Electric circuit consists of following types of elements.

Active elements:

Active elements are the elements of a circuit which possess energy of their own and can impart it to
other element of the circuit.

Active elements are of two types

a) Voltage source b) Current source

A Voltage source has a specified voltage across its terminals, independent of current flowing through
it.
A current source has a specified current through it independent of the voltage appearing across it.

Passive Elements:

The passive elements of an electric circuit do not possess energy of their own. They receive
energy from the sources. The passive elements are the resistance, the inductance and the capacitance.
When electrical energy is supplied to a circuit element, it will respond in one and more of the following
ways.

If the energy is consumed, then the circuit element is a pure resistor.
If the energy is stored in a magnetic field, the element is a pure inductor.

And if the energy is stored in an electric field, the element is a pure capacitor.
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Linear and Non-Linear Elements:

Linear elements show the linear characteristics of voltage & current. That is its voltage-current
characteristics are at all-times a straight-line through the origin.

For example, the current passing through a resistor is proportional to the voltage applied
through its and the relation is expressed as V i or V = IR. A linear element or network is one which
satisfies the principle of superposition, i.e., the principle of homogeneity and additivity.

Resistors, inductors and capacitors are the examples of the linear elements and their properties
do not change with a change in the applied voltage and the circuit current.

Non linear element’s V-I characteristics do not follow the linear pattern i.e. the current passing
through it does not change linearly with the linear change in the voltage across it. Examples are the
semiconductor devices such as diode, transistor.

Bilateral and Unilateral Elements:

An element is said to be bilateral, when the same relation exists between voltage and current for
the current flowing in both directions.

Ex: Voltage source, Current source, resistance, inductance & capacitance.
The circuits containing them are called bilateral circuits.

An element is said to be unilateral, when the same relation does not exist between voltage and
current when current flowing in both directions. The circuits containing them are called unilateral
circuits.

Ex: Vacuum diodes, Silicon Diodes, Selenium Rectifiers etc.

Lumped and Distributed Elements

Lumped elements are those elements which are very small in size & in which simultaneous
actions takes place. Typical lumped elements are capacitors, resistors, inductors.

Distributed elements are those which are not electrically separable for analytical purposes.

For example a transmission line has distributed parameters along its length and may extend for hundreds
of miles.

The circuits containing them are called unilateral circuits.
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Types of Sources:

Independent & Dependent sources:

If the voltage of the voltage source is completely independent source of current and the current of
the current source is completely independent of the voltage, then the sources are called as independent
sources.

The special kind of sources in which the source voltage or current depends on some other
quantity in the circuit which may be either a voltage or a current anywhere in the circuit are called
Dependent sources or Controlled sources.

There are four possible dependent sources:

a. Voltage dependent VVoltage source
b. Current dependent Current source
c. Voltage dependent Current source
d. Current dependent Current source
I BI gV
+
vV <T :
O — L —1 L@
Current Dependent Voltage Dependent
Current Source Current Source
I
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+ +
rl
V av
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Voltage Dependent Current Dependent
Voltage Source Voltage Source
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Independent sources actually exist as physical entities such as battery, a dc generator & an
alternator. But dependent sources are used to represent electrical properties of electronic devices such as
OPAMPS & Transistors.

Ideal & Practical sources:

1. An ideal voltage source is one which delivers energy to the load at a constant terminal
voltage, irrespective of the current drawn by the load.

2. An ideal current source is one, which delivers energy with a constant current to the load,
irrespective of the terminal voltage across the load.

3. A Practical voltage source always possesses a very small value of internal resistance r. The
internal resistance of a voltage source is always connected in series with it & for a current
source; it is always connected in parallel with it. As the value of the internal resistance of a
practical voltage source is very small, its terminal voltage is assumed to be almost constant
within a certain limit of current flowing through the load.

4. A practical current source is also assumed to deliver a constant current, irrespective of the
terminal voltage across the load connected to it.

R ——

Is C‘D . e g
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Ideal voltage source connected in series:

(4}
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The equivalent single ideal voltage some is given by V=V1+V2

Any number of ideal voltage sources connected in series can be represented by a single ideal
voltage some taking in to account the polarities connected together in to consideration.

Practical voltage source connected in series:
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Ideal voltage source connected in parallel:
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When two ideal voltage sources of emf’s V1 & V2 are connected in parallel, what voltage appears
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across its terminals is ambiguous.
Hence such connections should not be made.
However if V1 =V2=V, then the equivalent voltage some is represented by V.

In that case also, such a connection is unnecessary as only one voltage source serves the purpose.

Practical voltage sources connected in parallel:

‘ _Y_1 VL™ I=1, H =l
S OLE U ORE SRR OBIUE (e S

Equivalent Circuit Single Equivalent
Voltage Source

Ideal current sources connected in series:

When ideal current sources are connected in series, what current flows through the line is
ambiguous. Hence such a connection is not permissible.

However, it 11 =12 = I, then the current in the line is I.

But, such a connection is not necessary as only one current source serves the purpose.

Practical current sources connected in series:
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Ideal current sources connected in parallel

= O

Gu =1, %0;

HOBROL

Two ideal current sources in parallel can be replaced by a single equivalent ideal current source.

Practical current sources connected in parallel

™y = I=1, 4 _hn
W) 0 Buge =) ges

Hence a voltage source Vs in series with its internal resistance R can be converted into a current source

Source transformation:

A current source or a voltage source drives current through its load resistance and the
magnitude of the current depends on the value of the load resistance.

Consider a practical voltage source and a practical current source connected to the same load
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resistance RL as shown in the figure

I

R1’s in figure represents the internal resistance of the voltage source VS and current source IS.

Two sources are said to be identical, when they produce identical terminal voltage VL and load current
IL.

The circuit in figure represents a practical voltage source & a practical current source respectively, with
load connected to both the sources.

The terminal voltage VL and load current IL across their terminals are same.

Hence the practical voltage source & practical current source shown in the dotted box of figure are
equal.

The two equivalent sources should also provide the same open circuit voltage & short circuit current.

From fig (a) From fig (b)
, r
L L= T2
L
Vs
.'.R+RL - I

VS=IR orl= Vs
R
V_s
| =& , with its internal resistance R connected in parallel with it. Similarly a current source |
in parallel with its internal resistance R can be converted into a voltage source V = IR in series with its
internal resistance R.

R-L -C Parameters:
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1. Resistance:

Resistance is that property of a circuit element which opposes the flow of electric current and in
doing so converts electrical energy into heat energy.

It is the proportionality factor in ohm’s law relating voltage and current.

Ohm’s law states that the voltage drop across a conductor of given length and area of cross section is
directly proportional to the current flowing through it.

Rei

V=R

i=R =gv
Where the reciprocal of resistance is called conductance G. The unit of resistance is ohm and the unit

of conductance is mho or Siemens.

When current flows through any resistive material, heat is generated by the collision of electrons with
other atomic particles. The power absorbed by the resistor is converted to heat and is given by the
expression

P=vi=i2R where i is the resistor in amps, and v is the voltage across the resistor in volts.
Energy lost in a resistance in time t is given by

v2
Rt

W:-'O‘p dt = pt=1 Rt = =

2. Inductance:

Inductance is the property of a material by virtue of which it opposes any change of magnitude and
direction of electric current passing through conductor. A wire of certain length, when twisted into a coil
becomes a basic conductor. A change in the magnitude of the current changes the electromagnetic field.

Increase in current expands the field & decrease in current reduces it. A change in current produces
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change in the electromagnetic field. This induces a voltage across the coil according to Faradays
laws of Electromagnetic Induction.

di
Induced Voltage V =1 dt

V = Voltage across inductor in volts

| = Current through inductor in amps
1
di=Lvdt

Integrating both sides,
: 8
[ar=2 [ar
L
[ 0
di
Power absorbed by the inductor P =VI =Li .

Energy stored by the inductor

‘tPc*t sz — Li?
W=JO dr dt— >
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Kirchhoff's Laws:

Kirchhoff’s laws are more comprehensive than Ohm's law and are used for solving electrical
networks which may not be readily solved by the latter.

Kirchhoff's laws, two in number, are particularly useful in determining the equivalent resistance
of a complicated network of conductors and for calculating the currents flowing in the various
conductors.

1. Kirchhoff's Current Law (KCL)

In any electrical network, the algebraic sum of the currents meeting at a point (or junction) is
Zero.

That is the total current entering a junction is equal to the total current leaving that junction. Consider
the case of a network shown in Fig (a).

l1+(-12)+(I3)+(+12)+(-1s) = O

l1+1s-12-13-15=0

Or

l1+ls = lo+l3+ls

Or

Incoming currents =Outgoing currents
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2. Kirchhoff's Mesh Law or Voltage Law (KVL)

In any electrical network, 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.’s. in that path is zero.

That is, IR + >e.m.f = 0 round a mesh

It should be noted that algebraic sum is the sum which takes into account the polarities of the
voltage drops.

That is, if we start from a particular junction and go round the mesh till we come back to the
starting point, then we must be at the same potential with which we started.

Hence, it means that all the sources of emf met on the way must necessarily be equal to the
voltage drops in the resistances, every voltage being given its proper sign, plus or minus.

Determination of VVoltage Sign

In applying Kirchhoff's laws to specific problems, particular attention should be paid to the
algebraic signs of voltage drops and e.m.fs.

(a) Sign of Battery E.M.F.
A rise in voltage should be given a + ve sign and a fall in voltage a -ve sign. That is, if we go
from the -ve terminal of a battery to its +ve terminal there is a rise in potential, hence this

voltage should be given a + ve sign.

And on the other hand, we go from +ve terminal to -ve terminal, then there is a fall in potential,
hence this voltage should be preceded by a -ve sign.

The sign of the battery e.m.f is independent of the direction of the current through the branch

—_— -

E

/7 . P
A B A B A+ o 0 N e + B
o——;}—o c.—{}___ﬁg O—— MWW——x0 O—— AN —a—0
—- — i motion ' — motion
Rise in Fall in Fall in Rise in
oltage Voltage Voltage Voltage

v

/

— I —V=-=IR + V =+ IR
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(b) Sign of IR Drop

Now, take the case of a resistor (Fig. 2.4). If we go through a resistor in the same direction as
the

current, then there is a fall in potential because current flows from a higher to a lower potential..
Hence, this voltage fall should be taken -ve. However, if we go in a direction opposite to that of
the

current, then there is a rise in voltage. Hence, this voltage rise should be given a positive sign.

Consider the closed path ABCDA in Fig .

Al
) & O”( =R,
R 11 &
1 c:-‘ "~>
— S |~
K J3AE Y —E,
P A T

As we travel around the mesh in the clockwise direction, different voltage drops will have the
following signs :

I1R1 is - ve (fall in potential)
I2R2 is - ve (fall in potential)
I3R3is + ve (rise in potential)
I4R4is - ve (fall in potential)
E>is - ve  (fall in potential)
Ei1 is + ve (rise in
potential)

Using Kirchhoff's voltage law, we get
-l1R1 —BR2—I3R3 - 14 R4 — E2 + E1

=00r IhR1+ bRy —13Rs + I4R4 = E1 —E>
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Assumed Direction of Current:

In applying Kirchhoff's laws to electrical networks, the direction of current flow may be
assumed either clockwise or anticlockwise. If the assumed direction of current is not the actual
direction, then on solving the question, the current will be found to have a minus sign.

If the answer is positive, then assumed direction is the same as actual direction.
However, the important point is that once a particular direction has been assumed, the same
should be used throughout the solution of the question.

Kirchhoff's laws are applicable both to d.c. and a.c. voltages and currents. However, in the case
of alternating currents and voltages, any e.m.f. of self-inductance or that existing across a
capacitor should be also taken into account.

VOLTAGE-CURRENT RELATIONSHIPS FOR PASSIVE ELEMENTS

The Three Passive Elements are Resistance, Inductance and Capacitance. The behavior of these three elements along
with the respective voltage-current relationship is given in the table.

Element Basic Relation Voltage across, If Current Known | Current through, If Voltage Known
R:V VR (t)=R ir(t) ,R(t)—VR ®
R I
V(=" iL®= [° v()de
L L:N(/) (0=t dt L()L —0 (®
I
c=Y Ve®= [ ic(t)de ic(t)=C"""
C v C —© dt
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Network:

A network is a collection of interconnected electrical components. In general, the electrical
networks are made to exchange the energy between different elements .These electrical networks
can be constructed either by using Resistors or Inductors or Capacitors or combination of these
elements. Network analysis is the process of finding the voltage response or the current response
for any element in the network by using the available techniques.

Network Reduction Techniques:

Series Connection of Resistors:
Two or more resistors in a circuit are said to be in series when the current flowing through
all the resistors is the same.

: i REq
r,_ ia H] Rl — a
— O AAAA AAAA O +~'.-"'-J\'v“',
T oy - T o T L

i T, . P
16) e 16

fig(a) fig(h)

Consider the circuit in fig(a) ,where two resistors R1 and R are in series, since the same
current i flows in both of them. Applying Ohm’s law to each of the resistors, we obtain

vi = IRg,....... 1) Vo= 1R2...... 2

If we apply KVL to the loop fig(b) , we have

VAVLIH2 =0 (3)

v=vl +v2= i(R1 + R2)

i = VI(RLAR2) oo, 4

ViReq..oooennn, (5)

Implying that the two resistors can be replaced by an equivalent resistor; that is,
Req =R1 + R2

Note: The equivalent resistance of any number of resistors connected in series is the sum of
the individual resistances.
If "n"resistors are in series,  Reg=R1+R2+.....Rn

If "n"resistors of same value are in series,  Reg=nR
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Parallel Connection of Resistors:

Two or more resistors in a circuit are said to be in Parallel when all the resistors are
connected to the same nodes and the same voltage is appearing across all these elements.

L a
ge 3 R~ > 0 S Rqercn

Node b b

fig(a) fiz(b)

Consider the circuit in fig(a), where two resistors are connected in parallel and therefore have
the same voltage across them. From Ohm’s law,

V=ilRi=i2Ro (@)
i1=v/IR1, i2=VIR2.....ccceueu.n. )]
Applying KCL at node a gives the total current i as
=il +H2 ., €))

Substituting Eq. (2) into Eq. (3), we get
i =v/R1+V/R2=V(1/R1+1/R2)=Vv/Req
1/Reg=1/R1+1/R>

R\R

Roy = —2 2
e R, + R;

Note: The equivalent resistance of two parallel resistors is equal to the product = of their
resistances divided by their sum.

If "n"resistors are in parallel, 1/ Reg=1/R1+1/R2+ ..... 1/Rn

If "n"resistors of same value are in parallel,  Reg=R/n

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

G‘_.‘_]=G|+GJ_G_1+"'_GJ\‘;

where Goy = 1/Rug. Gy = 1/R,. Gy = 1/Ry. G5 = 1/Rs. ... Gy = /Ry,

Note: The equivalent conductance of resistors connected in parallel is the sum of their individual
conductances.
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Example Problems:
1) Find the Req for the circuit shown in below figure.

40 1Q
» AVAVAVS \ .J) VVNV N
=2Q
R. =
o ,_|_| S5O
8 O i~ 6 €2 -j 3 €2
fig(a)
Solution:
4 2
- AAAA, 4
=20
R 5 o R, =
i il = 60 e z 24 O
_ =z 0 | 8 L2 l
8 0 A
o Yy [ W
fig(b) fiz(c)

To get Req we combine resistors in series and in parallel. The 6 ohms and 3 ohms resistors are in
parallel, so their equivalent resistance is

4%}

_ _ 6 > _
6Q32=—""=20
6 + 3

Also, the 1 ohm and 50hms resistors are in series; hence their equivalent resistance is

10 +50 =610
Thus the circuit in Fig.(b) is reduced to that in Fig. (c). In Fig. (b), we notice that the two 2 ohms
resistors are in series, so the equivalent resistance is

20+ 2400 =40

This 4 ohms resistor is now in parallel with the 6 ohms resistor in Fig.(b); their equivalent
resistance is

_ i 4% 6 i
40600 =""=240
I 4+ 6

The circuit in Fig.(b) is now replaced with that in Fig.(c). In Fig.(c), the three resistors are in
series. Hence, the equivalent resistance for the circuit is

Riq =40 +240 +8Q=1440
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2) Find the Req for the circuit shown in below figure.

- AKX o
2 ] ] ]
= - =60 —aQ =50
sa | [ 32 |
fig(a)

Solution:
In the given network 4 ohms, 5 ohms and 3 ohms comes in series then equivalent resistance is
4+5 + 3 =12 ohms

- S
Al ]| g
- Fea 32 =120
3a | |-
fig(b)
From fig(b), 4 ohms and 12 ohms are in parallel, equivalent is 3 ohms
s e |
L 6 2 32
a | |
fig(c)

From fig(c), 3 ohms and 3 ohms are in series, equivalent resistance is 6 ohms

” ] ]

— = & £2 - 62

e | |

fig(d)
From fig(d), 6 ohms and 6 ohms are in parallel, equivalent resistance is 3 ohms

s

J

- = 12

29 |
fig(e)

From fig(e), 4 ohms, 3 ohms and 3 ohms are in series .Hence Req = 4+ 3+ 3 =10 ohms
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Series Connection of Inductors:
Two or more inductors in a circuit are said to be in series when the current flowing through all
the inductors is the same.

i Ly L, Ly Ly i
e T T Y]
Ty T T T T T T + 5
5 |
fig(a) fig(b)

Consider a series connection of N inductors, as shown in Fig(a),with the equivalent circuit shown
in Fig(b). The inductors have the same current through them. Applying KVL to the loop,

V=V1+V2+.... +Vn=L1.di/dt+L2.di/dt+...... Ln . di/dt
=di/dt (L1 +L2+ ... +Ln)
= di/dt(L eq)
where Leq is the equivalent Inductance of all the Inductances L1 ,L.2 ,....and Ln in series.
Hence Leq of a series circuit consisting of n Inductances L1 ,L2, ... Ln connected in series is
given by

Leq=L1+L2+ ... +Ln

Note: The equivalent Inductance Leq of a circuit with n Inductances L1, L2, ....Ln connected in
series is equal to the sum of the individual Inductances L1 ,L2, ... Ln
Parallel Connection of Inductors:

A e T
g FL I 3 Ly 2 L,
ru i -
fig(b)

fig(a)

Two or more inductors in a circuit are said to be in Parallel when all the circuit inductors are connected
to the same nodes and the same voltage is appearing across all these inductors
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Consider the circuit in fig(a) and using the Kirchhoff’s Current Law (KCL) at the node ‘a’ the
governing equation can be written as:
izil+i2+...... +in ......... @

In terms of the applied voltage V , the individual Inductances L1 ,L.2, ... Ln

the above equation can be written as:

i= (/L1 JSvdt +1/L2) Svdt + ... +(1/Ln) S vdt = [(1/L1) +(1/L2) + ... +(1/Ln)] S vdt.....(2)

Similarly for the circuit in fig(b) we can write the governing equation as:
i=(l/Leq) SVv...(3)
where Leq is the equivalent Inductance of all the Inductances L1, L2 ,....and Ln in parallel.
Since current is the same in the above two equations we find that
Uleq=(1/L1+1/L2+..... 1/Ln)
Hence Leq of a parallel circuit consisting of n Inductances L1, L2 ,....and Ln connected in
parallel is given by :

1U/Lleq=(l/L1+1/L2+..... 1/Ln)

Note: The reciprocal of the equivalent inductance is the sum of the reciprocals of the
inductances.
Problem: Determine the equivalent inductance in the given network.

LZ = 40mH L4 = Z0mH L& = 40mH

LY =
100mH

Solution:
Calculating the first inductor branch La, where an Inductor Ls in parallel with
inductors Le and L.

L5 x (L6 +L7)  50mH x (40mH + 100mH)

LA=Ts+Te+L7 ~ 50mH+40mH + 100mH
Calculating the second inductor branch Lg, where Inductor L3 in parallel with
inductors L4 and La.

= 36.8mH
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I3 % (L4+1LA) 30mH = (20mH + 36.8mH)

IB = = = 19.6mk
I3+01L +LA 30mH + 20mH + 36.8mH

Calculate the equivalent circuit inductance Leq, Where Inductor L; in parallel with
inductors Loand Lg.

L1=({L2+LB 20mH=(40mHE+19. 6mH
Loy, = LE2LE) ( )= 15mH
L1+L2+LB 20mH+40mH+19.6mH
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Series Connection of Capacitors:

fig(a) fig(b)

Two or more capacitors in a circuit are said to be in series when the current flowing through all
the capacitors is the same.

Fig (a) above shows n capacitances C1 ,C2, ... Cn connected in series along with a Voltage
sourceVandV1,V2...... Vn are the voltage drops across the capacitances C1, C2,....and Cn.
Fig (b) shows the same circuit with it’s equivalent Capacitance Ceq.

Applying KVL to the circuit in figure (a) we can write: v=v1 +v2 +v3 + ...+ Vn............ (1)
V = (/c1) Sidt +@/c2) Sidt+ ... +(/Cn) JSidt = [ (1/C1) +(1/C2) + ... +(1/Cn)] S
idt........ (2)

Similarly for the circuit in fig.(b) we can write the governing equation as:

v=(1/Ceq) fidt ....c.cue..... (3)

From the above two equations i.e eq(2) and eq (3) for ‘v’ we get

1/Ceq = (1/C1) +(1/C2) + ... +(1/Cn)

Hence Ceq of a circuit consisting of n capacitances C1, CL2,....and Cn connected in series is
given by :

1/Ceq = (1/C1) +(1/C2) + ... +(1/Cn)

Note: The reciprocal of the equivalent capacitance is the sum of the reciprocals of the
inductances.
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Parallel Connection of Capacitors:

Two or more capacitors in a circuit are said to be in Parallel when all the capacitors are
connected to the same nodes and the same voltage is appearing across all these capacitors

@kl ol ﬂT = ® ot

fig(a) fig(2)
Applying KCL to the circuit in figure (a) we can write: i= il +i2+i3+ ....+in.... (1)
i = C1 (dv/dt) +C2 (dv/dt) + ... + Cndv/dt) = (C1 + C2 + ... + Cn) (dv/dt)............. 2

Similarly for the circuit in figure (b) we can write the governing equation as:

i = Ceq (dv/dt)............ €))

From the eq(2) and eq(3),we get

Ceg=C1+C2+ ...+Cn

Note: The equivalent capacitance of a circuit consisting of n capacitances C1, CL2,....and Cn
connected in parallel is the sum of the individual capacitances.

Problem: Determine the equivalent capacitance between AB in the given circuit.

5.0uF 24 uF
- Il 1
Ae | |
—= 40uF —= 12uF
r—ij :
6.0 uF 80uF

Solution: In the given circuit 24uF,12uF and 8uF are in series. The equivalent capacitance of
this three capacitors is

iD ! O ! O ! or C D4.0LIF

C, 240F 120F 80LF s
This 4.0C1F capacitance is in parallel with the 4.0CJF capacitance. Then the equivalent
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capacitance is

C, U40LF+400F=80LF

This 8.0[JF,5.0uF and 6.0uF are in series .Hence , the overall equivalent capacitance is

1 1 1 1
O O O or C O 20 UF

C., 50LF 80LF 6.0LF )

S

Star to Delta and Delta to Star Transformations:

Like in series and parallel connections, electrical components may be connected in Star or Delta
configurations as shown in the figure below (with Resistances). Many a times circuits have to be
transformed from Star to equivalent Delta and Delta to equivalent Star configurations such that
the net terminal Resistances ( Impedances)across the terminals are the same. We will show this
transformation methodology and the resulting configurations for both Delta to Star and Star to
Delta one by one.

o X
X
£ nx
R, R,
R oW R,
Z\;\r 1 ¥ V4 Y
~ ; Y Rz
Z
(a) Star connection (b) Delta connection

Delta to Star Transformation:

The circuit configurations are identical provided the net resistances across the terminal pairs XY,
YZ and ZX in both connections are the same. In Star Connection they are:

Rxy = RxtRY..oo, Q)
Ry-z = RY*Rz oo 2
Rzx = RztRX oo (3)

Similarly in Delta connection they are:

Rxy = RI/(R2+R3) = RI(R2+R3)..ooovvvveccirirrmnnnnen 4)
R1+R2+R3
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Ryz = R2/(R1+R3) = R2(R1+R3)....ccccccviiiirienns 5)
R1+R2+R3
Rzx = R3//(R1+R2) = R3(R1+R2)....cccceomimiivirinnnns (6)
R1+R2+R3
By equating the respective equations, we get
_  R1(R2+R3)
RX+RY = m ........... (7)
R2(R1+R3)
RYy+tRz = RITRITR3 -oevveeeee 8)
R3(R1+R2)
Rz+tRx = RITRZIR3 e 9

By subtracting equation 8 from equation 7 given above, we get

R1R2 + R1R3  R2R1+ R2R3

RX—RZ = oo iy o mg ™ - (10)

Then adding this equation to equation 9 above i.e. (Rz+Rx) we get:

R1R2 + R1R3 — R2R1 — R2R3 + R3R1 + R3R2
R1+ R2+R3

2RX =

2R1R3
R1+R2+R3

Y= R1R3
" R1+R2+R3

And in a similar way we can get:

oy - R1R2

" R1+R2+R3
. R2R3

" R1+R2+R3

Where RX, RY and RZ are the equivalent resistances in the Star connection corresponding to the
Delta connection with resistances R1, R2 and R3.
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Star to Delta Transformation:

Now we have to get the equivalent values of R1, R2 and R3 in Delta connection in terms of the
three resistances Rx,Ry and Rz in Star connection.

Let us use the equations we got earlier i.e. Rx,Ry and Rz in terms of R1,R2 and Rs and get the
sum of the three product pairs i.e. RxRy + RyRz + RzRx as :

R12R2R3 + R2?°R1R3 + R3°R1R2

RXRY + RYRZ + RZRX =
(R1 + R2 + R3)?

Now let us divide this equation by Rx to get:

RYRZ _ R1R2R3(R1+ R2 +R3)

RX RX(R1 + R2 + R3)?
R1R2R3

RX(R1+ R2 + R3)

RY +RZ +

Now substituting the value of Rx = (R1+R2+R3) / R1.R3 from the earlier equations into the
above equation we get:

RYRZ R1R2R3 (R1+ R2 + R3)

= X
RY + RZ+ = = R1+ R2+ RD) RIR3

Then similarly dividing the same equation by RY and RZ we get the other two relations as:

RXRZ

RX +RZ + =R3

RXRY
RY + RX + =
R7 R1

Thus we get the three equivalent resistances R1, R2 and R3 in Delta connection in terms of the
three resistances RX, RY and RZ in Star connection as :
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RXRY
RY + RX +

=R1

RYRZ
RY + RZ + =
RX R2

RXRZ
RX +RZ + =
RY R3
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Example problems:

1) Convert the Delta network in a) Fig.(a) to an equivalent star network

« . >
25 ©
7~
~> 10 €2 15 €2 x"»/
e \ ;\_ Ra
Solution:
R.R. 25 2
R, = R, _ 10x _250 _ .o
R,+R,+R. 15+10+25 50
R.R, 25 x 15
R =R R +rR 50 2%
R.Ry 15 = 10
— = =310
R, + Ry + R. 50
2) Convert the star network in fig(a) to delta network
1
Ry Ry2
3 2
RZJ
2
fig(a) fig(h)

Solution: The equivalent delta for the given star is shown in fig(b), where
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1.67 x5

R =1.67+5+-5 o~ = 167+5+333 =100
5x%x2.5

Ry =5+25+2> = 5+25+75 =15 Q

Ray =2.5+1.67+2'5’;1—‘ﬂ = 25+ 1.67 + 0.833

=5Q

3) Determine the total current I in the given circuit.

20 O

L 10 2
RARAI 2
25
B AAAAA AAAAA— BN
10 2. M 15 ©
1. LS
1" = AANNANS
15 Vv 25 0

Solution: Delta connected resistors 25 ohms, 10 ohms and 15 ohms are converted in to star as
shown in given figure.

Ri =R R31/R12 + Rs + R31 =10x 25/ 10 + 15 + 25 =5 ohms
R, =Rxs R12/R12 + Ras + R31 =15x 10/ 10 + 15 + 25 = 3 ohms
Rz =R31 R23/R12 + Ros + R31 =25x15/10 + 15+ 25 = 7.5 ohms

150 N
(€3]

(€13

The given circuit thus reduces to the circuit shown in below fig.

2002 L P U
5Q AAAANA AMAAN M
U 30 N 1029 3Q
i0Q
= 7.5 Q
M
250 g—'k—wﬁ
—]‘_’ VAAAA-

15 Vv 2552
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The equivalent resistance of

(20 + 5) ohms || (10 + 7.5) ohms =25 x 17.5/25 + 17.5 = 10.29 ohms
Total resistance = 10.29 + 3 + 2.5 = 15.79 ohms

Hence the total current through the battery,

1=15/15.79=0.95 A

Introduction to Mesh Analysis and Nodal Analysis:

Mesh Analysis and Nodal Analysis are two important techniques used in network analysis to find
out different branch currents and Node voltages. The suitability of each analysis depends mainly
on the number of voltage/current sources in the given network. If the voltage sources are more
Mesh analysis is suitable and if current sources are more Nodal analysis is more suitable.

Mesh Analysis:

Mesh analysis provides general procedure for analyzing circuits using mesh currents as the
circuit variables. Mesh Analysis is applicable only for planar networks. It is preferably useful for
the circuits that have many loops .This analysis is done by using KVL and Ohm's law.

Planar circuit: A planar circuit is one that can be drawn in a plane with no branches crossing
one another. In the figure below (a) is a planar circuit.

Non-Planar circuit: A planar circuit is one that cannot be drawn in a plane without the branches
crossing one another. In the figure below (b) is a n.on-planar circuit and (c) is a planar circuit
but appears like a non-planar circuit

Loop: Itis a closed path along the circuit elements.

Mesh: Mesh is a loop which does not contains any loop within it.
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Mesh analysis with example:
Determination of mesh currents:

;" R‘

I

Solution: TS —
Step (1): Identify the no. of meshes in the given circuit.
There are two meshes..Mesh (1) ..... abef and

Mesh (2) ... bcde
Step (2): Apply the KVL to the all meshes.

For mesh (1) by applying KVL... Vs-I1.R1+ (11-12). R2=0............ 1)
For mesh (2) by applying KVL.... 12 .(R3)+ 12 (R4)+ (12- 11). R2=0. ..... (2)
Step (3): solve the above equations for mesh currents.

Problem: Write down the mesh current equations for the circuit shown in the figure below and
determine the currents 11 and 12.

solution: e
By applying KVL to the two meshes, we get
511 + 2(11- 12)=10

10 12 + 2( 12- 11)=-50.

Solving the above equations gives ....11 = 0.25 A and 12 = -4.25 A. The negative sign for the
current 12 indicates that it flows in the opposite direction to that assumed in the loop two.
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Super Mesh Analysis: If there is only current source between two meshes in the given network
then it is difficult to apply the mesh analysis. Because the current source has to be converted into
a voltage source in terms of the current source, write down the mesh equations and relate the
mesh currents to the current source. But this is a difficult approach .This difficulty can be
avoided by creating super mesh which encloses the two meshes that have common current source

Super Mesh: A super mesh is constituted by two adjacent meshes that have a common current
source.

Let us illustrate this method with the following simple generalized circuit.

Solution:
Step (1):1dentify the position of current source.

Here the current source is common to the two meshes 1 and 2. so, super mesh is
nothing but the combination of meshes 1 and 2 .

Step (2):Apply KVL to super mesh and to other meshes

Applying KVL to this super mesh (combination of meshes 1 and 2 ) we get

RLIL+R3(12-13)=V........ 1)

Applying KVL to mesh 3, we get

R3(13-12) +R4.13=0........... @)

Step (3):Make the relation between mesh currents with current source to get third equation.
Third equation is nothing but he relation between I , 11 and 12 which is

11-12= ..., ©)

Step(4): Solve the above equations to get the mesh currents.

ATME COLLEGE OF ENGINEERING
13th Kilometer, Mysore-Kanakapura-Bangalore Road, Mysore — 570 028 P : 0821-2593335 F: 0821- 2593328
Email: info@atme.in, Web : www.atme.in



atine ] College of Engineering

Department of Electrical and Electronics Engineering

Example(1): Determine the current in the 5 Q resistor shown in the figure below.

a b . e
B o
L 1 109 — s20
3 Iz
1 l Youeh TEYEAE
+) _ f
sov (*) ! ¢ HE—
—
| 250 I3 | 1Q
= < 1
—— T d

Solution:

Step(1): Here the current source exists between mesh(2) and mesh(3).Hence, super mesh is
the combination of mesh(2) and mesh(3) .Applying KVL to the super mesh ( combination
of mesh 2 and mesh 3 after removing the branch with the current source of 2 A and
resistance of 3 Q ) we get :

10( 12— 11) + 2,12 + 13+ 5(13—11) =0

1501 +12 12+ 6.3 =0.cveee (@))

Step (2): Applying KVL first to the normal mesh 1 we get :

10(11-12) +5( 11— 13) =50
15.12-10. 12 =513 =50 oovveorerrrreeenns @)

Step (3): We can get the third equation from the relation between the current source of 2 A , and
currents 12 & 13 as :

12-13=2A oo, 3)

Step (4): Solving the above three equations for 11, 12 and 13 we get 11 =19.99 A 12 =
1733 Aand I3=15.33 A

The current in the 5 Q resistance = 11 - 13=19.99- 15.33=4.66 A
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Example(2): Write down the mesh equations for the circuit shown in the figure below and
find out the values of the currents 11, 12 and 13

; | .
| | vV
- 1y > 3
mAdD >3Q iQ
' 2Q
LA I

Solution: In this circuit the current source is in the perimeter of the circuit and hence the
first mesh is ignored. So, here no need to create the super mesh.

Applying KVVL to mesh 1 we get :

3(12-11) +2(12-13) =-10

3014512 -2.13=-10 ............ 1)

Next applying KVVL to mesh 2 we get :

13 +2(13-12) =10

212 +3.13=-10...ccoo.... )

And from the first mesh we observe that....... I1=10A............. (3)

And solving these three equationswe get: 11 =10 A, 12=7.27 A, 13=8.18 A
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Mesh Analysis
Steps to find a current flowing in a circuit using Mesh Analysis
1. ldentify loops or meshes in a circuit and Label a mesh current to N meshes
2. Apply KVL to each mesh with the correspond- ing mesh current to generate N equations.

3. Solve the resulting simultaneous linear equa- tions for the unknown mesh currents using Cramer’s
Rule.

Q 1) In the circuit shown in Figure 53 determine all branch currents and the voltage across the 5 Q resistor
by loop current analysis.

AM—T—AW
60 80
SOV 50 25V
AWV
Figure 1

Solution:
In the given circuit there are two meshes and named as i1 and iz as shown in Figure 2.

ANA——AMA
N

50\#3 /) 50 b C%ZSV
AM A

d s ¢ gy f

Figure 2

Applying the KVL for the loop abcda. The loop is passing through 3, 5 and 6 Q resistors and it
touches negative terminal of the battery of 50 volts. The 5 Q resistor is common to loop currents i4
and i2. For loopl the current i in 5 Q resistor is opposite to the i1 current. Hence loopl equation is.

3iy +5(i1 —i2) + 61 —50 = 0
14i; —5i, = 50

Similarly for the loop befcb , The loop2 is passing through 2, 8 and 5 Q resistors and it touches
positive terminal of the battery of 25 volts. The 5 Q resistor is common to loop currents i1 and i.
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For loop 2 the current i in 5 Q resistor is opposite to the i
current. Hence loop2 equation is.

2i+8i2+5(iz-11)+25=0

-5i1+15i,=-25

The two simultaneous equations are:
14i1 — 5i, =50 1)
—5i1 + 150 = 25 (2)
Multiply egn 1 by 3 and adding with equation 2

42jy — 15, = 150
—5i1+15, = =25
37ih = 125

i1 = 3.3784A i = —0.541A

iab = 3.3784A ieb = —iz = 0.541A

ibc = i1 — i = 3.3784 — (—0.541) = 3.9194A
voltage across the 5 Q resistor is 5ipc = 19.597V

Q 2) In the circuit shown in Figure 3 determine the mesh currentsil, i2, i3

b c f
10 D §2§1

TVCD/D d —ann g

- auz :

ov

20 & §lﬂ

a h

e
Figure 3
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Solution:
Applying the KVVL for the loop abcdea 1(i1 —i2) + 2(i1 —i3) +6 — 7
3ih—ip—2izs = 1

=0

For the loop cfgdc
2ip +3(i2 —13)+1(i —i1) = O
—i1+6i,b—3i3 = 0

For the loop dghed
3(i3—i2)+2(i3 —i1)+i3 —6 = 0
—2i1 — 3i,+6i3 = 6

The three mesh equations are,

3i1 — iz - 2i3 = 1
—i1 + 6i; — 3i3 = 0
—2i1 —3i2+6i3 = 6

11 = 3A i = 2A i3 =3A
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