NETWORK THEORY )

Introduction:

Nowadays electronics instruments like Computer, Phone, iPad, communication systems are playing vital
roles in our everyday life. These electronics device consists of electronics circuit and circuit consists of
electronics component like capacitor, resistor, inductor, semiconductor devices, voltage and current sources.
To understand the operation of electronics devices it is necessary to know the current and voltage in all parts
of this circuit. To analysis these circuits we frequently use the known laws of the electrical circuits. Thus,
the performance analysis or the design of any electronics circuit requires a knowledge of circuit analysis.

Circuit Components:
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Voltage and Current Sources:

Voltage Source: Ideal voltage source delivers energy at a specified voltage (V), which is independent on
current delivers by sources. The internal resistance of a voltage source is zero.

Practical Voltage Sources: It delivers energy at specified (V) which depends on current delivers by
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Current Sources: Ideal current source delivers energy at a specified (1), which is independent on voltage
across the source. Internal resistance of ideal current source = oo.
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Practical Current Sources: Practical current sources delivers energy at specified current I, which is
dependent on voltage across the source. In real time system current source does not exist.
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Network definitions:

Circuit : A circuit may be defined as a complete path for electric current flow.

Branch : A group of circuit components having two terminals is called a branch.

Loop : Aloop is any closed path formed by a number of branches in a circuit.

Node : A node is simply a common point where two or more than two components meet.

Short Circuit: If any two terminals of a network are connected by a wire of almost zero resistance, then
the terminal are said to be short circuited.

Open Circuit: If the connected path between the terminals is made open then the terminals are said to be
open circuited.
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Kirchhoff’s current law:
The algebraic sum of the currents meeting at a junction point in a network is zero.

So, applying KCL at the node, we can write,

When current enter into the junction we will take it as negative and when current flow out from the
junction, we take it as a positive current.
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Example: Suppose three branches are connected at the node A. Two of them current are known.
2A
A 4A
13
What will the current in 3rd wire?
Soln.  According to Krichhoff’s current law,
21 =0 = 2A+4A+1;=0 = |;=-6A
So, current will enter to the junction.
Example: Consider the following circuit the value of current i is?
BRI
¥ 8A
5A i
15A A le B
Soln.  According to KCL, at the junction A, 4 > e
“15+48+ 1,5 =0 = 1,5 =7A Y 8A
D C
So, current will flow A to B direction. AT
Applying KCL at B, we can write, - A
C
Applying KCL at D we can write 8A
—8A+5A+15c =0 = lpe =3A °Ir ©
5A
Applying KCL at C, we can write, 10A
-10A-3A+1=0 = | =13A C

Kirchhoff’s voltage law:
The algebraic sum of all voltage drops around a closed path in a network is zero.

—V +IR + 1R, +IR; =0
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Note:
(i) If current flow out from positive terminal of voltage source, then we will take voltage negative.
(i) If current flow out from negative terminal of votlage source, then we will take voltage positive.

Example: Find the current in each register of the given circuit.

10 20
A AW
2Q)
20 14V
\VJ
T |

Soln.  According to KVL in Loop-I, we can write,

—10+1,(1+2)+30-21, =0

10V

R, =1Q R,=2Q
= 3l,-21,=-20 () A A
R,=2Q
And from Loop-II, l, |
30+(1,—1,)2+21,-14=0 Qso QZ:_MV
—U+{ly =l )e+cl, —14= v
10V
T I

= I, -21,=-22 ...(ii)
From equation (i) and (ii), we can write,
2,=2 = I, =1A

1-21,=-22 = 1, :§:11.5A

Therefore, current through the resistance 1Q is 1A.
Current through the resistance, R; = 2Q is 10.5A

Current through the resistance, R, is 11.5A
Example: Consider the cirucit is given below, find the current pass through the resistance 5Q ?

1Q 20 1Q
MWW WW MW
10V = 502 1OQ<§ 3A
) . . 1Q Vv, 20 VvV, 10
Soln.  Applying nodal analysis at A, we can write, N "= MW
V,-10 +VA -0 +VA —Ve _ 0
= V, +\i+\%—\i =10

nil—
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= 17V, -5V =100 ... (i)
And applying nodal analysis at B we can write,
Ve-Va,Ve=0 5 ,
2 10
= 6Vg —5V, =30 .. (i)
From equations (i) and (ii), we can write,
V,=9.7V
Therefore, current passing through the resistance 5Q is
1 =Ya=0_ 970 _104n
5Q 5

THEVENIN’S THEOREM

According to this theorem any two terminals of a linear network containing energy sources and impedances
can be replaced by an equivalent circuit consisting of a voltage source V. in series with an impedance R, ,
where V., is the open circuit voltage between the temrinals of the network and R, is the impedance
measured between the terminals with all the energy sources replaced by their internal impedances.

Procedure for finding Thevenin equivalent circuit:

(1) Open the two terminals (i.e. remove the load resistance) between which you want to find the Thevenin
equivalent circuit.

(2) Find the open-circuit voltage between the two open terminals. It is called Thevenin voltage V-, .

(3) Determine the resistance between the two open terminals with all ideal voltage sources shorted and all
ideal current sources opened. It is called Thevenin resistance R, .

(4) Connect V, and R, in series to produce Thevenin equivalent circuit between the two terminal under
the consideration.

(5) Place the load resistor removed in step(1) across the terminals of the Thevenin equivalent circuit. The
load current can now be calculated using only Ohm’s law and it has the same value as load current in
the original circuit.

Example: Consider the circuit below, find the current through R, using Thevenin’s theorem.

10V 2 R=60 2 R =50
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R,=3Q R,=3Q 3Q 30
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Soln. = L Open R, from =
1Y SR6Q ZR=s0_———> 5, 00
T S the circuit T J %)
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=
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X =
= =—x6=—=6.6V =
3+6 9 @
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<N
=
= 3Q 3Q e
RAT:AA - ° MW MW Ad 2
yvvy - [=]
g
P < @
= R 5o Thevenin's =60 \ <«
—4 =R = — b
V=66V T T equivalent circuit

Ry = -50
1=2% A_og6A m =[(3116)+3]=5
5+5

Example: Calculate the current in the 50 Q resistor in the network shown in the figure below.

100Q 300 20Q 20Q

80V —+— 1002 <§ 809<§ 60Q <§ 50Q

Soln.  We can simplify the circuit by the repeated use of Thevenins theory, we first find out the Thevenin’s
equivalent circuit to the left of XX, X'x", then x"x"

X X! XN
| | |
1000 | 300 | 2002 | 200
MW MWW =MW
1 1 1
1 1 1
=1 1 1
gov o= 1000 %: 809<§ | 600 <§ ! <§ 5002
1 1 1
I I I
1 1 1
I I I
! ! !
X X' Xu
I
1000 ! 100 Q
AVAVAVAV q
> : J
o 21000 ' 100 Q
80V 210 : ( %
1 R
I
:
80
Vi, x100 =40V Ry, =50 Q

~100+100
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X!
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500 300 | 200
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Applying Thevenin’s equivalent circuit to the left of x'X" is

<

80Q I 800 O
AAAA a AAAA Py
yvvy 'I \AAAl -
I ‘J
> I <>
. . = I =38000Q
. =800 ! D) = 800
| RTh
|
|
] o
X/
40
V. x80 =20V R.. =40
Th
80+80 Th
X/I
400 200 1200
1 VVVV
1
>I
. =
20V +— 00z <§ 50 €3
1
1
|

Applying Thevenin’s equivalent circuit to the left of X X" is

X'

60 Q 60
I| 7Y J'A'AVAV 7'y
I
600 | > =600 J
200 > R
I Th
-[ i o o
|
X//
20 20
Vo, = x60=—=10V =
™™ 60+60 2 R =300
300 200
— W ——e——WW—
10V = <§ 50Q

The current passing through the resistance 50 Q is

_ 10 10 _
50+50 100
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NORTON’S THEOREM

Soln.

Norton’s theorem states that any network having two terminals A and B can be replaced by a current source
of output 1 in parallel with a resistance R

AAA
VVVy
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z
Py
<
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Procedure for finding Norton equivalent circuit:

(1) Open the two terminals between which we want to find out Norton equivalent circuit.

(2) Put a short circuit across the terminal under consideration. Find the short-circuit current flowing in the
short circuit. It is called Norton current I,

(3) Determined the resistance between two open terminals with all ideal voltage sources shorted and all ideal
current sources opend. It is called Norton’s resistance R,

(4) Connect I and R, in parallel to produce Norton equivalent circuit between two terminal under
consideration.

Example: Using Norton’s theorem, find the current in 8Q2 resistance in the network shown in figure.

40 50
= %GQ <§SQ

40 A 50
Step-1: 40v %GQ

Applying Nodal analysis at the point A. We can write
Va=40 V,—0 V,—0_

0
4 6 5
o v (Ll g oy, (30520024 g Ly, J120XI0 460
46 5 120 74
16.4V

Therefore, Norton current, |y = e 3.24 Amps
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Step-11: To find the Norton resistance remove the load resistance and replaced the voltage source by short

circuit.
4Q 50

6Q JR

RN:R4H®+5]:%§+5:I4Q

N

The Norton’s equivalent circuit

3.24Ad> 74Q é R, =8Q

So, the current through the resistance 8Q is

| 324X T4 ) 55 Amps
(8+7.4)

T-n transformation:

T-network n-network

In the above two figure we have shown the T and. sz -network:-In the network analysis sometimes it can
becomes helpful to convert a T-network to. 7z -network. Suppose we have resistance of T-network are R,
R, and R,. The resistance of the equivalent 7 -network are R , R, and R, then we write,

RR, + R,R; + R3R;
R, =
R3
RIR, + R,R; + R3R;
Rb =
Rl
RIR, + R,R; + RyR;
R. =
RZ
For conversion from 7 to T network:
___RR
' R +R,+R,
Ra Rb

27 R,+R, +R.
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R, +R, + R,
Example: In the given circuit find the value of voltage source (V,) that delivers 2 Amprs current through
the circuit?

3

10 20
AMA AN
\AAAL VVVY -
103 10 =1Q
I ']‘ MW
= 10 10 210
V. ) MW >
302 = 0.5Q
AAA
VVVY
0.5
10 20 1 30
AAA ANA AAAA ANA
\AAAJ \AAAJ \AAAJ \%\aVVVV
= S1Q SR~ < R
o= AlAAA L >NAAA.%'“~
VVVY V1V£V2V
-4 = = —_— > = =
Sol T 1Q<: AlA% ' T 1Q<; 1QAAAA E
oln. B VVVy _ = VVVy — =
302 Z 050 30 R~
AAA R'AAAA
\AAAJ VVVY
0.5 1Q
Using 7 to T conversion:
3 3 1 3
a:—:_Q, Rb__Q; Rc:_Q
1+1+3 5 5 5
3 1 3
Ri==Q: R ==Q: R, ==Q
d ’ € ’ f
5 5
10
AVA'AVAV
Eé 315 AW
152 235 3
<L <
v 10 —>y 12 1 — =5 — 2270
L L \% \% 7
353 215 =
S S =
=35

V
So, current in the circuit is | =57 = V =2x27=5.4V




