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MODULE-I

1. CIRCUIT ANALYSIS:
1.1 Kirchhoff’s Laws: -
1.1.1 Kirchhoff’s current law or point law (KCL):

Statement: - In any electrical network, the algebraic sum of the currents meeting at a point is
zero.

XI=0...... at a junction or node
Assumption: - Incoming current = positive
Outgoing current = negative
1.1.2. Kirchhoff’s voltage law or mesh law (KVL):

Statement: - 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 emfs in that
path is zero.

ZIR+Zemf=0 ......ooooiiiii i, round the mesh
Assumption: - i) Rise in voltage (If we go from negative terminal to positive terminal) = positive
i) Fall in voltage (If we go from positive terminal to negative terminal) = negative

iii) If we go through the resistor in the same direction as current then there is a fall in potential.
Hence this voltage is taken as negative.

iv) If we go through the resistor against the direction of current then there is a rise in potential.
Hence this voltage drop is taken as positive.

1.2. MAXWELL’S LOOP CURRENT METHOD (MESH ANALYSIS):

Statement: - This method determines branch currents and voltages across the elements of a
network. The following process is followed in this method: -

* Here, instead of taking branch currents (as in Kirchoff’s law) loop currents are taken which are
assumed to flow in the clockwise direction.

* Branch currents can be found in terms of loop currents
« Sign conventions for the IR drops and battery emfs are the same as for Kirchoff’s law.

Example: Find I, I2and I3 in the network shown in Fig below using loop current method.
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= 3I,-21,=-1 1)

For mesh BEFCB,

40-1,%x20+10-(0,-1,)x10-(1,-1, )x20=0

= 2I,-51,+1,=-5 (2)

For mesh EGHFE,

-101; + 50— (43, —1,)x10—-10=0
= 1,-21,=- (3)

Equation (2) x 2 + Equation (3)

41,-91,=-14 (4)

Solving eq” (1) & eq” (4)

Lh=1TA, I:=2A, la=3 A

1.3. NODAL ANALYSIS:

Statement: - This method determines branch currents in the circuit and also

Voltages at individual nodes.

The following steps are adopted in this method: -

Identify all the nodes in the network.

One of these nodes is taken as reference node in at zero potential
The node voltages are measured w.r.t the reference node

KCL to find current expression for each node

This method is easier if all the current sources are present. If any voltage source is present,
convert it to current source.

The number of simultaneous equations to be solved becomes (n-1) where ‘n’ is the number
of independent nodes.



Explanation: -
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Node voltage multiplied by sum of the entire conductance connected to this node. This
term is positive.

The node voltage at the other end of each branch (connected to this node multiplied by
conductance of this branch). This term is negative.

Example: - Use nodal analysis to find currents in the different branches of the circuit shown below



12V =

Solution: - Let V1 and V> are the voltages of two nodes as shown in Fig. below

20 V4 an V. 40
AN - AN

§1ﬂ

N

12V =

g’aﬂ

Applying KCL to node-1. we get

12-V, 0=V, V,-V
+ - =

2 1 3
= 36-3V, -6V, +2V, =2V, =0
= =11V, +2V, =36...ccoo..... (1)

0

Again applying KCL to node-2, we get:-



= + + =0
3 5 4
= 20V, =47V, +90 =0
= 20V, =47V, = =90............... (2)

Solving Eq (1) and (2) we get V, = 3.924 Volt and V; = 3.584 volt

Current through 2 Q resistance = 12;& 2123928 40384
Current through 1 Q resistance = ﬂ =-3.924 A

Current through 3 Q resistance = %fﬂ-l 133A

Current through 5 Q resistance = %:{17 168 A

Current through 4 € resistance = %ﬁ}-ﬁm A

As currents through 182 and 5€2 are negative, so actually their directions are
opposite to the assumptions.



Series Circuit Resistors:
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Fig. 4.13. Series circuit and its equivalent.
By KVLin meshA-C-D-B-A
Vac+Vep +Vpp+Vpa=0 ; =V - Vo -V3+ V=0
V=V +Vo+Vy
By Ohm’s law ' )
V=R
Vo =Ryl
Va=Rgl
From the equivalent circuit shown in Fig. 4.13 (b),
V=Rgl
Combining the Egs. (4.7.1) to (4.7.5) we get
Rgl = RyI + Rol + Rl
Rg= Ry + Ry + Rg




Parallel Ckt. Resistors:

Fig. 4.17, Resistara in paraliel and taeir equivalent.

We are intereated in fingi :
% ) g a single resistance R, which haa the same volt-ampere relation

By KCL,

I=Iy4la+ls (
By Ohm's law
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Solve the above ckt. By using KVL. And also Loop analysis method (mesh)
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NETWORK THEOREMS:
SUPERPOSITION THEOREM
THEVENIN’S THEOREM
NORTON’S THEOREM
MAXIMUM POWER TRANSFER

SUPERPOSITION THEOREM:

Statement: - In a network of linear resistances containing more than one generator (or source of
of all the currents which would flow at that point if each generator were considered separately
and all the other generators replaced for the time being by resistances equal to their internal
resistance.

Example: - By using superposition theorem, calculate the currents in the network shown.
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Step 1. Considering 10 V battery

lp I
- -
I3
§1ﬂ 180 gzn
L
10V
R = 2%18 1 _130
T2+ 18
1= 2 3574
2.8
8
Ly = 3.57x —=3.21A

R = X118  h _ 1950
T 1 +18
I, = =2 —6.78A



[ = 6.78x > — 6.42A

Step 3. Results

I, =1, -1, =357-6.42=-2.85A
I, =1, -1, =6.78=3.21=3.57A
I, =1, +1, =0.36+0.36=0.72A



SOURCE CONVERSION: -

Statement: A voltage source (V) with a series resistance (R) can be converted to a current source
(I=VIR) with a parallel resistance (R) and vice-versa.

Explanation:

I = 1
- Ry +Ry ®
[ =1—X% (2)
Ry +R,
From Eq. (1) & (2)
V =1IR (3)

Summary:

e The two circuits are said to be electrically equivalent if they supply equal load currents
with the same resistance connected across their terminals.

e Voltage source having a voltage V and source resistance Rx can be replaced by I(= V/RX)
and a source resistance Rx in parallel with current source.

e Current source | and source resistance Rx can be replaced by a voltage source V (=IRX)
and a source resistance Rx in series with V.
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THEVENIN’S THEOREM: -

Statement:- Any pair of terminals AB of a linear active network may be replaced by an
equivalent voltage source in series with an equivalent resistance Rth. The value of Vth
(called the Thevenin’s voltage) is equal to potential difference between the terminals AB when
they are open circuited, and Rth is the equivalent resistance looking into the network at AB with
the independent active sources set to zero i.e with all the independent voltage

sources short-circuited and all the independent current sources open- circuited.

Example: - Find Vx by first finding V11 and R+ to the left of A-B.

12Q 1Q
—r AN —a—

30V (3) ﬁﬂ§ zgg‘r'x

=

Solution: stepl. First remove everything to the right of A-B

120 10
AN AN\ —a—

30V () 6Q <

_ (30)(6) _

V.., =
A8 6+ 12

10V

There is no current flowing in the 4 Q resistor (A-B) is open. Thus, there can be no voltage
across the resistor.

Step 2. To find Rth: We now deactivate the sources to the left of A-B and find the resistance
seen looking in these terminals.



RTE[= 12”6 + '-1 - Sﬂ

Step 3. To find Vx : After having found the Thevenin circuit, we connect this to the load in
order to find Vx.

RTH A
A .
80 .
Vi CD 10V 205 Vx
B
-
y A2

X 2+8
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NORTON’S THEOREM:

Statement: Any two terminal linear active network (containing independent voltage and current
sources), may be replaced by a constant current source Iy in parallel with a resistance Ry,
where In is the current flowing through a short circuit placed across the terminals and Ry is the
equivalent resistance of the network as seen from the two terminals with all sources replaced by

their internal resistance.

57  APPLICATION OF NORTON'S THEOREM

The procedure for the application of Norton’s theo
1. Remove the external load Ry, and then sho

2.

ig as follows : ’ g
e art’circuit the load terminals a-b with
. T ired: oo
respect to which the Norton equivalent circuit i§ deﬂ'r; are short-circuited. This
Determine the current through the terminals when they
current is Iy or Isc. '
There is alternative method of determining In.
IN L
=R'— ) )
2 a short circuit and

Redraw the network with cach ideal voltage source replaced by

' i ce replaced by an open circuit. . '
each ideal current source rep ¥ 1A L

Calculate the resistance Ry of the redrawn network at
a-b. It is to be noted that Ry =R, :
Draw the Norton equivalent circuit between the terminals a~6 by connecting the
current source Iy in parallel with RN
that was short-circuited in step 1 is now reconnected across

The external load R, lis . '
the Norton terminals a-b. It is to be noted that the direction of IN is sych tl'mt ?t
circulates the current in the load R, in the same direction as the original circuit

circulated it.
The load current [y, through Ry, is calculated from the formula
RN
Il: - RN'*RL IN

Ry s

L %
+
Vo L In Ry
, b $——aOh
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MAXIMUM POWER TRANSFER THEOREM:

» The maximum power transferred from the power source to the load is when the resistance of the
load Rv is equal to the equivalent or input resistance of the power source (Rin = Rth Or Ry). * The
process used to make RL = Rin is called impedance matching.

Ry A
Ay .

Vim @ SR

B
[= 1|“JITH
R, +R,
P =12R - VTH:HL

" (R, +R,)

For P, to be maximum, dh _ 0

L
Or,R =R,
. V'R, V.°
So, Maximum power drawn by R, =I'R = L =_TH
(2R )" 4R,

-

V Z

TH

Power supplied by the source=————
(R +R,)
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