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Circuit Elements and Laws

Yoltage

Energy is required for the movement of charge from one point to another. Let W

Joules of energy be required to move positive charge Q columbs from a point a to



point b in a circuit. We say that a voltage exists between the two points. The voltage
V between two points may be defined in terms of energy that would be required if a
charge were transferred from one point to the other. Thus, there can be a voltage
between two points even if no charge is actually moving from one to the other.

Voltage between a and b is given by

v-2y/C
Q

Worked W) in Joul
Hence Electric Potential (V) = orked are (W) in Joules

Charge (Q)in columbs

Current :

An electric current is the movement of electric charges along a definite path. In case

of a conductor the moving charges are electrons.

The unit of current is the ampere. The ampere is defined as that current which when
flowing in two infinitely long parallel conductors of negligible cross section, situated 1
meter apart in Vacuum, produces between the conductors a force of 2 x 107 Newton per

metre length.

Power : Power is defined as the work done per unit time. If a field F newton acts for t
seconds through a distance d metres along a straight line, work done W = Fxd N.m. or J.

The power P, either generated or dissipated by the circuit element.

P=Vi F xd
t t



) Work
Power can also be written as Power =

time

Work X Ch arge
Charge Time

= Voltage x Current

P =V x Iwatt.
Energy : Electric energy W is defined as the Power Consumed in a given time. Hence, if

current IA flows in an element over a time period t second, when a voltage V volts is applied

across it, the energy consumed is given by
W=Pxt=VxIxt]orwatt. second.

The unit of energy W is Joule (J) or watt. second. However, in practice, the unit of

energy is kilowatt. hour (Kwh)

Resistance : According to Ohm's law potential difference (V) across the ends of a conductor
is proportional to the current (I) flowing through the conductor at a constant

temperature. Mathematically Ohm's law is expressed as

VBIorV=RxI

\% . N . .
OrR= where R is the proportionality constant and is designated as the conductor

resistance and has the unit of Ohm ().

Conductance : Voltage is induced in a stationary conductor when placed in a varying
magnetic field. The induced voltage (e) is proportional to the time rate of change of

current, di/dt producing the magnetic field.

di
Therefore e 1_



e and i are both function of time. The proportionality constant L is called inductance.

The Unit of inductance is Henery (H).

Capacitance : A capacitor is a Physical device, which when polarized by an electric field

by applying a suitable voltage across it, stores energy in the form of a charge separation.

The ability of the capacitor to store charge is measured in terms of capacitance.

Capacitence of a capacitor is defined as the charge stored per Volt applied.

_q_ Coulomb _

= Farad
\% Volt

C

Active and passive Branch :

A branch is said to be active when it contains one or more energy sources. A passive

branch does not contain an energy source.

Branch : A branch is an element of the network having only two terminals.

Bil L and unil Lel .

A bilateral element conducts equally well in either direction. Resistors and inductors

are examples of bilateral elements. When the current voltage relations are different

for the two directions of current flow, the element is said to be unilateral. Diode is an

unilateral element.

Linear Elements : When the current and voltage relationship in an element can be

simulated by a linear equation either algebraic, differential or integral type, the

element 1s said to be linear element.

Non Linear Elements : When the current and voltage relationship in an element can

not be simulated by a linear equation, the element is said to be non linear elements.

Kirchhoff's Voltage Law (KVL) :

The algebraic sum of Voltages (or voltage drops) in any closed path or loop is Zero.



Application of KVL with series connected voltage source.
R,

MV

Fig. 1.1
Vi+V2—-IR;—-IR; =0
=Vi+V2=1(R; +R2)

_V.+V,
R, +R,

I

Application of KVL while voltage sources are connected in opposite polarity.

W\

Fig. 1.2

R

Vi-IRi - V2-IR; - IR3=0
> Vi=V2=1R; + IRy +IR3
> Vi—-V, :I(Rl + IR, +IR3)



_v,ay,
R,+R,+R;

I=

Kirchaoff's Current Law (KCI) :

The algebraic sum of currents meeting at a junction or mode is zero.

Fig. 1.3

Considering five conductors, carrying currents I, I, I3, I4 and Is meeting at a point O.
Assuming the incoming currents to be positive and outgoing currents negative.

L+(Ch)++(-la)+15=0
L-Lh+h-I4+Is=0

L+L+Is=h+14
Thus above Law can also be stated as the sum of currents flowing towards any
junction in an electric circuit is equal to the sum of the currents flowing away from
that junction.
Itage Division (Seri ircuit
Considering a voltage source (E) with resistors R; and Ry in series across it.

R,

M\

E -+ /D

Fig. 1.4



E

[=
R+ R,
Voltage drop across Ri =1. Ry = ER,
R;+R,
- E.R,
Similarly voltage drop across R2 = LR =
R,+R,

Current Division :

A parallel circuit acts as a current divider as the current divides in all branches in a

parallel circuit.

vy
. A

Al
l’"u" Vi
A

<

Fig. 1.5

Fig. shown the current I has been divided into I; and I» in two parallel branches with
resistances Rj and R, while V is the voltage drop across R and Ro.
_V Y%
— and I,=
" R

1 2

I

Let R = Total resistance of the circuit.

Hence == L.‘. 1_
R R, R,
> R= RR,



I="=__ V___VR+R)
R RR, R.R,
R, +R,

But=V =11R; =hR»

ARR,0
» [=LRi! R +RI
i i
> [= LR +R,)
R,
Therefore L= ~ R,
R+ R,

Similarly it can be derived that

IR,

L= L
Ri+R,




M ic Cireuits :

Introduction : Magnetic flux lines always form closed loops. The closed path
followed by the flux lines is called a magnetic circuit. Thus, a magnetic circuit
provides a path for magnetic flux, just as an electric circuit provides a path for the
flow of electric current. In general, the term magnetic circuit applies to any closed
path in space, but in the analysis of electro-mechanical and electronic system this
term is specifically used for circuits containing a major portion of ferromagnetic
materials. The study of magnetic circuit concepts is essential in the design, analysis
and application of electromagnetic devices like transformers, rotating machines,

electromagnetic relays etc.

Magnetomotive Force (MLMLF) :
Flux is produced round any current — carrying coil. In order to produce the required
flux density, the coil should have the correct number of turns. The product of the

current and the number of turns is defined as the coil magneto motive force (m.m.f).

If I = Current through the coil (A)

N = Number of turns in the coil.

Magnetomotive force = Current x turns

So MM.F=1XN

The unit of M.M.F. is ampere—turn (AT) but it is taken as Ampere(A) since N

has no dimensions.

Magnetic Field Intensity

Magnetic Field Intensity is defined as the magneto-motive force per unit length of the

magnetic flux path. Its symbol is H.



Magnetic field Intensity (H) = Magnetomotive force

Mean length of the magnetic path

> u=F_IN.
I

A/m

Where / is the mean length of the magnetic circuit in meters. Magnetic field intensity is also
called magnetic field strength or magnetizing force.

Permeability :-

Every substance possesses a certain power of conducting magnetic lines
of force. For example, iron is better conductor for magnetic lines of force than
air (vaccum) . Permeability of a material (@) is its conducting power for
magnetic lines of force. It is the ratio of the flux density. (B) Produced in a

material to the magnetic filed strength (H)i.e. B =B /14

Reluctance :

Reluctance (s) is akin to resistance (which limits the electric Current).
Flux in a magnetic circuit is limited by reluctance. Thus reluctance(s) is a
measure of the opposition offered by a magnetic circuit to the setting up of the
flux.

Reluctance is the ratio of magneto motive force to the flux. Thus

S:Mm

Its unit is ampere turns per webber (or AT/wb)
Permeance:-
The reciprocal of reluctance is called the permeance (symbol A).
Permeance (A) =1/S  wb/AT
Turn T has no unit.

Hence permeance is expressed in wb/A or Henerys(H).



Electric Field versus Magentic Field.

1))

2)

3)

4)

5)

6)

1))

2)

Similarities

Electric Field

Flow of Current (I)

Emf is the cause of

flow of current

Resistance offered
to the flow of
Current, 1s called

resistance (R)

Conduftance
(8)=_

R
Current density is
amperes per square

meter.

Current (I) - EM%

1)

2)

3)

4)

5)

6)

Dissimilarities

Current actually flows

in an electric Circuit.

Energy is needed as

long as current flows

1)

2)

Magnetic Field

Flow of flux (&)

MMT is the cause of

flow of flux

Resistance offered to
the flow of flux, is

called reluctance (S)

Permitivity(@) = %

Flux density is number
of lines per square

meter.

Flux (B) = 1\%

Flux does not actually
flow in a magnetic

circuit.

Energy is initially
needed to create the

magnetic flux, but not



3)

B.H. Curve :

Conductance is
constant and
independent of current
strength at a particular

temperature.

3)

to maintain it.

Permeability (or
magnetic
conductance )
depends on the total
flux for a particular

temperature.

Place a piece of an unmagnetised iron bar AB within the field of a

solenoid to magnetise it. The field H produced by the solenoid, is called

magnetising field, whose value can be altered (increased or decreased) by

changing (increasing or decreasing) the current through the solenoid. If we

increase slowly the value of magnetic field (H) from zero to maximum value,

the value of flux density (B) varies along 1 to 2 as shown in the figure and the

magnetic materials (i.e iron bar) finally attains the maximum value of flux

density (Bm) at point 2 and thus becomes magnetically saturated.

rll'dl\ bar /Ecrzﬂ'nid

i
o il %’

Fig. 2.1

Now if value of H is decreased slowly (by decreasing the current in the

solenoid) the corresponding value of flux density (B) does not decreases along 2-

1 but decreases some what less rapidly along 2 to 3. Consequently during the

reversal of magnetization, the value of B is not zero, but is '13' at H= 0. In other



wards, during the period of removal of magnetization force (H), the iron bar is

not completely demagnetized.

In order to demagnetise the iron bar completely, we have to supply the
demagnetisastion force (H) in the opposite direction (i.e. by reserving the
direction of current in the solenoid). The value of B is reduced to zero at point
4, when H="14". This value of H required to clear off the residual magnetisation,
is known as coercive force 1.e. the tenacity with which the material holds to its

magnetism.

If after obtaining zero value of magnetism, the value of H is made more
negative, the iron bar again reaches, finally a state of magnetic saturation at the
point 5, which represents negative saturation. Now if the value of H is increased
from negative saturation (= '45") to positive saturation ( = '12') a curve '5,6,7,2'
is obtained. The closed loop "2,3.,4,5,6,7,2" thus represents one complete cycle

of magnetisation and is known as hysteresis loop.



NETWORK ANALYSIS
Different terms are defined below:

1. Circuit: A circuit is a closed conducting path through which an electric current either
flow or is intended flow

2. Network: A combination of various electric elements, connected in any  manner.
Whatsoever, is called an electric network

3. Node: it is an equipotential point at which two or more circuit elements are joined.
4. Junction: it is that point of a network where three or more circuit elements are joined.
5. Branch: it is a part of a network which lies between junction points.

6. Loop: It is a closed path in a circuit in which no element or node is accounted more than
once.

7. Mesh: It is a loop that contains no other loop within it.

Example 3.1 In this circuit configuration of figure 3.1, obtain the no. of 1) circuit elements ii)
nodes iii) junction points iv) branches and v) meshes.

Rs




Solution: i) no. of circuit elements = 12 (9 resistors + 3 voltage sources)
ii) no. of nodes =10 (a, b, ¢, d, e, f, g, h, k, p)
iii) no. of junction points =3 (b, e, h)
iv) no. of branches = 5 (bcde, be, bh, befgh, bakh)
v) no. of meshes = 3 (abhk, bcde, befh)
MESH ANALYSIS

Mesh and nodal analysis are two basic important techniques used in finding solutions
for a network. The suitability of either mesh or nodal analysis to a particular problem depends
mainly on the number of voltage sources or current sources .If a network has a large number
of voltage sources, it is useful to use mesh analysis; as this analysis requires that all the
sources in a circuit be voltage sources. Therefore, if there are any current sources in a circuit
they are to be converted into equivalent voltage sources,if, on the other hand, the network has
more current sources,nodal analysis is more useful.

Mesh analysis is applicable only for planar networks. For mnon-planar circuits mesh
analysis is not applicable .A circuit is said to be planar, if it can be drawn on a plane surface
without crossovers. A non-planar circuit cannot be drawn on a plane surface without a
CTOssoVer.

Figure 3.2 (a) is a planar circuit. Figure 3.2 (b) is a non-planar circuit and fig. 3.2 (¢) is a
planar circuit which looks like a non-planar circuit. It has already been discussed that a loop
is a closed path. A mesh is defined as a loop which does not contain any other loops within it.
To apply mesh analysis, our first step is to check whether the circuit is planar or not and the
second is to select mesh currents. Finally, writing Kirchhoff*s voltage law equations in terms
of unknowns and solving them leads to the final solution.

(@ | (b) ©)
Figure 3.2

Observation of the Fig.3.2 indicates that there are two loops abefa,and bcdeb in the
network .Let us assume loop currents I; and Lwith directions as indicated in the figure.



Considering the loop abefa alone, we observe that current I; is passing through R, and (I1-Io)
is passing through R>. By applying Kirchhoff’s voltage law, we can write

Vs =LiR1+Ra(I1-12) (3.1)

Vs

R4

A
A

f e d |

Figure 3.3

Similarly, if we consider the second mesh bcdeb, the current I> is passing through R3
and R4, and (I> — I1) is passing through R> By applying Kirchhoff’s voltage law around the
second mesh, we have

Rz (I2-I1) + R3l2 +R4l2=0 (3.2)

By rearranging the above equations,the corresponding mesh current equations are
I (Ri+R2) - bRz =V

-[iR2 +(R2+R3+R4) [r=0 (3.3)

By solving the above equations, we can find the currents I; and I If we observe
Fig.3.3, the circuit consists of five branches and four nodes, including the reference node.The
number of mesh currents is equal to the number of mesh equations.

And the number of equations=branches-(nodes-1).in Fig.3.3, the required number of
mesh current would be 5-(4-1)=2.



In general we have B number of branches and N number of nodes including the
reference node than number of linearly independent mesh equations M=B-(N-1).

Example 3.2 Write the mesh —\/\V\/\

5Q 10Q

current equations in the circuit shown 10V — 2Q

50v —|—

in fig 3.4 and determine the currents.

Figure 3.4

Solution: Assume two mesh currents in the direction as indicated in fig.
The mesh current equations are

5Q
—AAAA
I_OX I I 10 Q
2Q 50V

Figure 3.5
S +2(Ii-I2) = 10
1012 + 2(12-11) +50=0 (3.4)
We can rearrange the above equations as
71 21, =10
2L +121L=-50 (3.5)

By solving the above equations, we have [1=0.25 A, and I, = -4.125



Here the current in the second mesh I, is negative; that is the actual current I» flows opposite
to the assumed direction of current in the circuit of fig .3.5.

Example 3.3 Determine the mesh current I in the circuit shown in fig.3.6.

R

5V

Solution: From the circuit, we can from the following three mesh equations

10L+5(11+1) +3(11-13) = 50 (3.6)
20 +5(L+0) +1(1x+5) =10 (3.7
3(3-Nh) +1(B+h) =-5 (3.9)

Rearranging the above equations we get

1811+512-313=50 3.9
SIi+8Ix + 13=10 (3.10)
36+ I+ 41=-5 (3.11)

According to the Cramer’s rule
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Or I;= 3.3 A Similarly,
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Or 1,=-0.997A (3.12)
18 5 g
Ts g 100
(- B3 1 @sp_525
3 I35 @3? 356
Al 5 & 1p
E3 1 4
Or I;=1.47A (3.13)

B1;=3.3A, ,=-0.997A, I3=1.47A

MESH EQUATIONS BY INSPECTION METHOD The mesh equations for a general planar network can be written by
inspection without going through the detailed steps. Consider a three mesh networks as shown in figure 3.7

The loop equation are [iR1+ Rao(Ii-I)  =Vi Ri R3

Figure 3.7



Ro( L-I1)+LR3= -V, 3.14
Rul3+Rs513=V> 3.15

Reordering the above equations, we have

(R1+R2)11-Ro2[=V, 3.16
-Roli+(R2+R3)[r=-V> 3.17
(R4+R5)[3=V> 3.18

The general mesh equations for three mesh resistive network can be written as

Rili @ Rl B Rizl3=Va 3.19
R2111+R2212 R2313: Vb 3.20
R3111 R3212+R33I3: Vc 3.21

By comparing the equations 3.16, 3.17 and 3.18 with equations 3.19, 3.20 and 3.21
respectively, the following observations can be taken into account.

1. The self-resistance in each mesh

2. The mutual resistances between all pairs of meshes and

3. The algebraic sum of the voltages in each mesh.

The self-resistance of loop 1, Ri1=Ri1+R2, is the sum of the resistances through which I;
passes.

The mutual resistance of loop 1, Ri2= -R», is the sum of the resistances common to loop
currents I; and I, If the directions of the currents passing through the common resistances are
the same, the mutual resistance will have a positive sign; and if the directions of the currents
passing through the common resistance are opposite then the mutual resistance will have a
negative sign.

V.=V is the voltage which drives the loop 1. Here the positive sign is used if
the direction of the currents is the same as the direction of the source. If the current
direction is opposite to the direction of the source, then the negative sign is used.

Similarly R2>=R>+R3 and R33=R4+Rs are the self-resistances of loops 2 and 3
respectively. The mutual resistances Ri3=0, R21= -Rz, R23=0, R31=0, R3=0 are the
sums of the resistances common to the mesh currents indicated in their subscripts.

Vuv=-V2, V=V, are the sum of the voltages driving their respective loops.



Example 3.4 write the mesh equation for the circuit shown in fig. 3.8

10V -

Solution : the {

Rili @ Riola B Ri313=Vy (3.22)
Ryl1+Rpl B Ry 1=V, (3.23)
Ra1l1 B Razalr+R3313=Ve (3.24)

Consider equation 3.22

Rii=self resistance of loop 1=(1Q+ 3 Q +6 Q) =10 Q

Ri2= the mutual resistance common to loop 1 and loop 2 =-3 Q
Here the negative sign indicates that the currents arein opposite direction .

R13= the mutual resistance common to loop 1 & 3=-6 Q

V.= +10 V, the voltage the driving the loop 1.

Here he positive sign indicates the loop current I; is in the same direction as the
source element.

Therefore equation 3.22 can be written as



10 ;- 3L-61;=10 V (3.25)
Consider Eq. 3.23

R21= the mutual resistance common to loop 1 and loop 2 =-3 Q

R2o= self resistance of loop 2=(3Q+ 2 Q +5 Q) =10 Q

R23=0, there is no common resistance between loop 2 and 3.

Vp =-5V, the voltage driving the loop 2.
Therefore Eq. 3.23 can be written as

-3 +10L= -5V (3.26)
Consider Eq. 3.24

R31= the mutual resistance common to loop 1 and loop 3 = -6 Q

R3>= the mutual resistance common to loop 3 and loop 2 =0

R33= self resistance of loop 3=(6Q2+ 4 Q) =10 Q
V= the algebraic sum of the voltage driving loop 3

=(5 VH20V)=25 V (3.27)
Therefore, Eq3.24can be written as -6 + 10I3= 25V
-611-31x-613= 10V
-311+101,=-5V
-611+1013=25V

SUPERMESH ANALYSIS

Suppose any of the branches in the network has a current source, then it is slightly difficult to
apply mesh analysis straight forward because first we should assume an unknown voltage

across the current source, writing mesh equation as before, and then relate the source current
to the assigned mesh currents. This is generally a difficult approach. On way to overcome this
difficulty is by applying the supermesh technique. Here we have to choose the kind of
supermesh. A supermesh is constituted by two adjacent loops that have a common current

source. As an example, consider the network shown in the figure 3.9.

W |
+ Vv I Jb) R; Iz
)
«— < <
1 14 2 3

Figure 3.9



Here the current source I is in the common boundary for the two meshes 1 and 2. This current
source creates a supermesh, which is nothing but a combination of meshes 1 and 2.

Rili + R3(I-13)=V
Or Rili + Rsb - Rylz=V
Considering mesh 3, we have
R3(I3-I2)+ Ral3=0

Finally the current I from current source is equal to the difference between two mesh currents
ie.

Ii-I=1

we have thus formed three mesh equations which we can solve for the three unknown
currents in the network.

Example 3.5. Determine the current in the 5Q resistor in the network given in Fig. 3.10

50v o

Figure 3.10
Solution: - From the first mesh, 1.e. abcda, we have
50 = 10(Ii-Io) + 5(11-13)

Or 1511-1012-515=50 (3.28)

From the second and third meshes. we can form a super mesh
10(I2-1))+21, +I3+5(13-1;)=0

Or -15I1+12L+613=0 (3.29)



The current source is equal to the difference between Il and III mesh currents
ie. Db-I3=2A (3.30)
Solving 3.28.,3.29 and 3.30. we have
I =19.99A,1,= 1733 A, and I3 = 1533 A
The current in the 5Q resistor =I; -I3
=19.99 -15.33=4.66A
The current in the 5€Q resistor is 4.66A.

Example 3.6. Write the mesh equations for the circuit shown in fig. 3.11 and determine the
currents, I1, I> and I,

10V
- |t
L o
I I
.
% 10 A 3Q 1Q
- 1 =20
4—
I I III
Figure 3.11

Solution ; In fig 3.11, the current source lies on the perimeter of the circuit, and the
first mesh is ignored. Kirchhoff's voltage law is applied only for second and third meshes .

From the second mesh, we have
3(I-11)+2(Iz-13)+10 =0

Or =311 +512-213=-10 (3.3D)

From the third mesh, we have
I+2((15-L)=10

Or 214313 =10 (3.32)



From the first mesh, I =10A (3.33)
From the abovethree equations, we get

11=10A, 1,=7.27, I =8.18A

NODALANALYSIS

In the chapter I we discussed simple circuits containing only two nodes, including the
reference node. In general, in a N node circuit, one of the nodes is chosen as the reference or datum
node, then it is possible to write N -1nodal equations by assuming N-1 node voltages. For
example,al0 node circuit requires nine unknown voltages and nine equations. Each node in a circuit
can be assigned a number or a letter. The node voltage is the voltage of a given node with respect to
one particular node, called the reference node, which we assume at zero potential. In the circuit shown
in fig. 3.12, node 3 is assumed as the Reference node. The voltage at node 1 is the voltage at that
node with respect to node 3. Similarly, the voltage at node 2 is the voltage at that node with respect to
node 3. Applying Kirchhoff’s current law at node 1, the current entering is the current leaving (See
Fig.3.13)

1 2
R2 R4
!f-‘r-"l
5 e ol Ri R3 Rs

3 Figure 3.12

R>

— 1 ="V\V\/"=
I

G-\ R

Figure 3.13

Ii=Vi/R1 + (Vi-V2)/R2



Where Vi and V; are the voltages at node 1 and 2, respectively. Similarly, at node
2.the current entering is equal to the current leaving as shown in fig. 3.14

R2 R4

Rs

Figure 3.14

(V2-V1)/R2 + V2/R3 + V2/(R4+R5) =0

Rearranging the above equations, we have
Vi[1/R1+1/R2]-V2(1/R2)= 11

-Vi(1/R2) + Vo[1/R2+1/R3+1/(R4+R5)]=0

From the above equations we can find the voltages at each node.

Example 3.7 Determine the voltages at each node for the circuit shown in fig 3.15

3Q

ov &
Figure 3.15
Solution : At node 1, assuming that all currents are leaving, we have
(V1-10)/10 + (V1-V2)/3 +V1/5 + (V1-V2)/3 =0
Or Vi[1/10+1/3+1/5+1/3]-Vo[1/3+1/3]=1
0.96V1-0.66V2=1 (3.36)
At node 2, assuming that all currents are leaving except the current from current source, we

have

(V2-V1)/3+ (V2-V1)/3+ (V2-V3)/2 =5

-Vi[2/3]+V2[1/3 +1/3 + 1/2]-V3(1/2) =5

-0.66V+1.16V2-0.5V3= 5 (3.37)



At node 3 assuming all currents are leaving, we have
(V3-V2)/2 + V3/1 + V3/6 =0
-0.5V, + 1.66V3=0 (3.38)
Applying Cramer’s rule we get
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NODAL EQUATIONS BY INSPECTION METHOD The nodal equations for a general planar network can also be written by inspection
without going through the detailed steps. Consider a three node resistive network, including the reference node, as shown in fig 3.16

Ry R; Rs

— Figure 3.16



In fig. 3.16 the points a and b are the actual nodes and c is the reference node.

Now consider the nodes a and b separately as shown in fig 3.17(a) and (b)

Rl Va_ R3

Vb Va

Figure 3.17

In fig 3.17 (a), according to Kirchhoff’s current law we have

I1+I+13=0

(Va-V1)/R1 +Va/Rat (Va-Vp)/R3= 0

In fig 3.17 (b) , if we apply Kirchhoff’s current law

L+ I5=13

B(Vv-Va)/R3 + Vo/Ra+(Vp-V2)/Rs=0

Rearranging the above equations we get
(1/R1+1/R2+1/R3)Va-(1/R3)Ve=(1/R1) V1

(-1/R3)Vat+ (1/R3+1/Ra+1/R5)V=V2/R5
In general, the above equation can be written as

GaaVa + Gabe:II
GpaVa+ Gob Vo=l

(3.39)

(3.40)

(3.41)
(3.42)

(3.43)
(3.44)

By comparing Eqs 3.41,3.42 and Eqs 3.43, 3.44 we have the self conductance at node
a, Gaa=(1/R; + 1/R2 + 1/R3) is the sum of the conductances connected to node a. Similarly,
Gob= (1/R3 + 1/R4 +1/R5) is the sum of the conductances connected to node b. Gap=(-1/R3) is
the sum of the mutual conductances connected to node a and node b. Here all the mutual
conductances have negative signs. Similarly, Gva= (-1/R3) is also a mutual conductance
connected between nodes b and a. I; and I, are the sum of the source currents at node a and
node b, respectively. The current which drives into the node has positive sign, while the

current that drives away from the node has negative sign.



Example 3.8 for the circuit shown in the figure 3.18 write the node equations by the
inspection method.

Fig 3.18
Solution:-
The general equations are
GaaVatGab V=1 (3.45)
GbaVa + GobVo=l2 (3.46)

Consider equation 3.45

Gaa=(1+ 1/2 +1/3) mho. The self conductance at node «a is the sum of the conductances

connected to node a.

Govb = (1/6 + 1/5 + 1/3) mho the self conductance at node b is the sum of conductances
connected to node b.

Gab =-(1/3) mho, the mutual conductances between nodes a and b is the sum of the
conductances connected between node a and b.

Similarly Gpa = -(1/3), the sum of the mutual conductances between nodes b and a.

1;=10/1 =10 A, the source current at node a,



L=(2/5 + 5/6) = 1.23A, the source current at node b.
Therefore, the nodal equations are
1.83V.a-0.33Vp=10 (3.47)

-0.33V+0.7Vi= 1.23 (3.48)
SUPERNODE ANALYSIS

Suppose any of the branches in the network has a voltage source, then it is slightly difficult to
apply nodal analysis. One way to overcome this difficulty is to apply the supernode
technique. In this method, the two adjacent nodes that are connected by a voltage source are
reduced to a single node and then the equations are formed by applying Kirchhoff’s current

law as usual. This is explained with the help of fig. 3.19

Vi \'%) + V3
2 3
R> Vx
I & Ry R3 R4 Rs
— Vv
4
FIG 3.19

It is clear from the fig.3.19, that node 4 is the reference node. Applying Kirchhoff’s current

law at node 1, we get
I=(Vi/R1) + (Vi-V2)/R2

Due to the presence of voltage source V, in between nodes 2 and 3 , it is slightly
difficult to find out the current. The supernode technique can be conveniently applied in this

casc.

Accordingly, we can write the combined equation for nodes 2 and 3 as under.



(V2-V1)/R2 + V2/R3 + (V3-Vy)/R4 +V3/R5= 0
The other equation is
V2-V3 =Vy

From the above three equations, we can find the three unknown voltages.

Example 3.9 Determine the current in the 5 Q resistor for the circuit shown in fig.

3.20
2Q
Vi V2 ﬁ V3
W \_"20v
1Q 5Q 2Q
0 A3Q
IAY fig. 3.20
Solution. At node 1
10=V1/3 + (V1-V2)/2
Or Vi[1/3 +1/2]-(V2/2)-10=0
0.83V1-0.5V2-10=10 (3.49)

At node 2 and 3, the supernode equation is
(V2-V1)/2 + Vo/1 + (V3-10)/5 +V3/2 =0
Or —V1/2 +Vo[(1/2)+1]+ V3[1/5 + 1/2]=2
Or -0.5Vi+ 1.5V2+0.7V3-2=0 (2.50)
The voltage between nodes 2 and 3 is given by

V2-V3=20 (3.51)



The current in 5Q resistor [s =(V3-10)/5
Solving equation 3.49, 3.50 and 3.51, we obtain
V3 =842V

Currents [5=(-8.42-10)/5 = -3.68 A (current towards node 3 ) i.e the current
flows towards node 3.

SOURCE TRANSFORMATION TECHNIQUE

In solving networks to find solutions one may have to deal with energy sources. It has
already been discussed in chapter 1 that basically, energy sources are either voltage sources
or current sources. Sometimes it is necessary to convert a voltage source to a current source
or vice-versa. Any practical voltage source consists of an ideal voltage source in series with
an internal resistance. Similarly, a practical current source consists of an ideal current source
in parallel with an internal resistance as shown in figure3.21. Ry and R; represent the internal
resistances of the voltage source Vs, and current source Is respectively.

Rv

b fig. 3.21 ' b

Any source, be it 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. Fig
3.22 represents a practical voltage source and a practical current source connected to the
same load resistance Ry.

Rv



R s (%) R RL

(a) (b)
Figure 3.22
From fig 3.22 (a) the load voltage can be calculated by using Kirchhoff’s voltage law as
Vap=Vs-ILRy

The open circuit voltage Voc=Vs

o V
The short circuit current Ise=_°
R,

from fig 3.22 (b)
[1=Is-I=Is-(Van/R1)

The open circuit voltage Vo= [sR1

The short circuit current Isc=Is

The above two sources are said to be equal, if they produce equal amounts of current
and voltage when they are connected to identical load resistances. Therefore, by equating the

open circuit votages and short circuit currents of the above two sources we obtain
Voe=IsR1=V;
L~=I=VJ/Ry
It follows that
Ri=R=Rs; V=LR;

where R; is the internal resistance of the voltage or current source. Therefore, any
practical voltage source, having an ideal voltage Vs and internal series resistance Rs can be

replaced by a current source [&=V¢/Rs in parallel with an internal resistance Rs. The reverse



tansformation is also possible. Thus, a practical current source in parallel with an internal
resistance Rs can be replaced by a voltage source V¢=I;Rs in series with an internal resistance
Rs.

Example 3.10 Determine the equivalent voltage source for the current source shown in fig
3.23

SA 5Q

Figure 3.23

Solution: The voltage across terminals A and B is equal to 25 V. since the internal resistance
for the current source is 5 €, the internal resistance of the voltage source is also 5 Q. The
equivalent voltage source is shown in fig. 3.24.

5Q

25V

Fig 3.24

Example 3.11 Determine the equivalent current source for the voltage source shown in fig. 3.25

W A
1X

30 Q

50V




Solution : the short circuit current at terminals A and B is equal to

I=50/30=1.66 A

1.66 A

30Q2

Fig 3.26

Since the internal resistance for the voltage source is 30Q, the internal resistance of
the current source is also 30 Q. The equivalent current source is shown in fig. 3.26.



NETWORK THEOREMS

Before start the theorem we should know the basic terms of the network.
Circuit: It is the combination of electrical elements through which current
passes is called circuit.
Network: It is the combination of circuits and elements is called network.
Unilateral :It is the circuit whose parameter and characteristics change with
change in the direction of the supply application.
Bilateral: It is the circuit whose parameter and characteristics do not change
with the supply in either side of the network.
Node: It is the inter connection point of two or more than two elements is
called node.
Branch: It is the interconnection point of three or more than three elements is
called branch.
Loop: It is a complete closed path in a circuit and no element or node is taken
more than once.
Super-Position Theorem :
Statement :" It states that in a network of linear resistances containing more than
one source the current which flows at any point is the sum of all the currents
which would flow at that point if each source were considered separately and

all other sources replaced for time being leaving its internal resistances if any".
Ry
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Explanation :
Considering E, source

Step 1.
R,&r are in series and parallel with R; and again series with R;



(Ry+1) || R3
R, + )R

R
Rti=m+ R+
=5

'Ry
7= LAR
? Ry+r+R;
_ LR+ 1)

Ry+r+R;
Step — 2
Considering E2 source,R;&r, are series and Rj parallel and R, in series

1

3

(Ry*1) || Rs
_(Ry+7)R; _

B R+ ri+R; =" (SaY) _‘Fj'm'

Rtb=n+R+ny

I:E2 l‘;ﬁ R; ‘;
: = ‘I'

=

Rt,
7! Li(Ri+ 1)
3SR +r+R
I'= 'LA'R,
1 R+r+R
1 1 3
Step —3

Current in R, branch = 1l !
Current in R, branch = 1 l 1
Current in R; branch = 1 E 1

3 3
The direction of the branch current will be in the direction of the greater value
current.
Thevenin’s Theorem :
The current flowing through the load resistance R; connected across any two
terminals A and B of a linear active bilateral network is given by

V
IL - th — - Qj

th L i L
Where Vg, = V. 1s the open. circuit voltage across A and B terminal when Ry is

removed.

R; =Ry, is the internal resistances of the network as viewed back into the open
circuit network from terminals A & B with all sources replaced by their internal
resistances if any.



Explanation :

r ==

Step — 1 for finding V.
Remove Ry temporarily to find V.

m L

r T R e
E
Il =
Rl + R2 +r
Voc= IRZ

Step — 2 finding R
Remove all the sources l