UNIT - IV

NETWORK THEOREMS

SUPERPOSITION THEOREM

It states that ‘in a linear network containing more than one independent source and dependent source,
the resuliant current in any element is the algebraic sum of the currents that would be produced by each
independent source acting alone, all the other independent sources being represented meanwhile by their
respective internal resisiances.’

The independent voltage sources are represented by their internal resistances 1if given or simply with zero
resistances, i.e., short circuits if internal resistances are not mentioned. The independent current sources are
represented by infinite resistances, 1.e., open circuits.

The dependent sources are not sources but dissipative components—hence they are active at all times. A
dependent source has zero value only when its control voltage or current 1s zero.

A linear network is one whose parameters arc constant, i.c., they do not change with voltage and current.
Explanation Consider the network shown in Fig. 3.1. Suppose we have to find current /, through
resistor R .

H 1 H‘:]

Fig. 3.1 Network to illustrate superposition theorem

The current flowing through resistor R, due to A, Hs
constant voltage source V7 1s found to be say .’q’{wilh A A'A" %
proper direction), representing constant current source i
with infinite resistance, i.c., open circuil. v Az M
The current flowing through resistor R, due to -‘7

constant current source [ is found to be say f;’ {with
proper direction). representing the constant voltage Fig. 3.2  When voltage source V is acting alone
source with zero resistance or short circuit.

The resultant current [, through resistor R, is found A F;
" AN A
by superposition theorem. 1y

Ia=13+1%

Steps to be followed in Superposition Theorem

I. Find the current through the resistance when only
one independent source is acting, replacing all Fig. 3.3 When current source I is acting alone
other independent sources by respective internal
resistances.

2. Find the current through the resistance for cach of the independent sources.

3. Find the resultant current through the resistance by the superposition theorem considering magnitude and
direction of each current.
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u FEINACENE  Find the current through the 2 £2 resistor in Fig. 3.4.

50 20V 20
AN L A
N — ;mﬂ 10V
Fig. 3.4
Solution
Step I When the 40 V source is acting alone (Fig. 3.5)
;] 50 20

Y =

Fig. 3.5
By series parallel reduction technique (Fig. 3.6), I 50
40
5+ 1.67 40V = 1670
From Fig. 3.5, by current-division rule,
10
I'=6x——=5A(— .
10+2 (=) Fig. 3.6
Step II' When the 20 V source is acting alone (Fig. 3.7)
| 50 oV 2o
"\ {t A
10 0
Fig. 3.7
By series—parallel reduction technique (Fig. 3.8) ) s 20V
s 2 . e 1 M JI
. NMA— |
I = =3A
3+ 1.67 1.67 0
From Fig. 3.7, by current-division rule,
" 10 Fig. 3.8
I"=3x =25A(« ) -25A (=) s
1042
Step [II' When the 10 V source is acting alone (Fig. 3.9)
50 20
A AAY ATAYAY
g 100 — 10V
Fig. 3.9
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By seriesparallel reduction technique (Fig. 3.10), [ 20
| 10 — 10V
["=——— =188 A( — —_
3.33+2 (=) 330 r
¥

Step IV By superposition theorem,
[=1"+1"+1"=5-25+188=438A (—) Fig. 3.10

THEVENIN’S THEOREM

It states that “any two terminals of a network can be replaced by an equivalent voltage source and an
equivalent series resistance. The voltage source is the voliage across the two terminals with load, if any,
removed. The series resistance is the resistance of the network measured between two terminals with load
removed and constant voltage source being replaced by its internal resistance (or if it is not given with
zero resistance, i.e., short civeuit) and constant cuvrent souwrce replaced by infinite resistance, i.e., apen
cireuit.’

=== ====-= | - A -
I Lo ' Am L
| | . AR —0 f
I | Lo : L
I |
| Network : R | Vm— : A,
I I [
| I | |
| | PN
Py = gy I
(a) (b)
Fig. 3.109 Network illustrating Thevenin's theorem
Explanation Consider a simple network as shown in Fig. 3.110.
R, A;
ATAYAY ATATAY oA
V= g A; g R,
0B
Fig. 3.110 Network
ARy A3
For finding load current through R, first remove the load N MN—0A
resistor R, from the network and calculate open circuit voltage
V,, across points A and B as shown in Fig. 3.111. v— §F»‘2 Vo,
R>
Vi = ~—V
™R +R, 0B
For finding series resistance Ryy,, replace the voltage source Fig. 3.111 Calculation of V,,
by a short circuit and calculate resistance between points A and R, R,
B as shown in Fig. 3.112. AN ANA—O A
R R,
Thevenin’s equivalent network is shown in Fig. 3.113. 0B
[, =—rm Fig. 3.112 Calculation of R ,
’ R, + R;
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sources, Thevenin's resistance Ry, is calculated as,

Fn ) AL
Rpy = -
T f,x —‘7 IrL

where [, is the short-circuit current which would flow in a B
short circuit placed across the terminals A and B. Dependent
sources are active at all times. They have zero values only when
the control voltage or current is zero. Ry, may be negative in

If the network contains both independent and dependent l MV A
Vin

Fig 3.113 Thevenin's equivalent
network

some cases which indicates negative resistance region of the device, i.e., as voltage increases, current
decreases i the region and vice-versa.
If the network contains only dependent sources then
Vi =0
.f_,\. =0
For finding Ry, in such a network, a known voltage ' is applied across the terminals 4 and # and current
is calculated through the path 45.

4
Ry =~
| : Rin
or a known current source / is connected across the AN o A
terminals 4 and B and voltage is calculated across the
terminals 4 and 5.
4
Ry, = 7
. . . ; OB
Thevenin’s equivalent network for such a network 1s
shown in Fig. 3.114. Fig. 3.114 Thevenin’s equivalent network

Steps to be Followed in Thevenin's Theorem

1. Remove the load resistance R, .
2. Find the open circuit voltage V', across points A and B.
3. Find the resistance R as seen from points 4 and 5.
4. Replace the network by a voltage source V7 In series with resistance R .
5. Iind the current through R, using Ohm’s law.
I, = If'l11
Rm + R,
u SEINICENIE  Find the current through the 2 2 resistor in Fig. 3.115.
50 20V 20
AN X AAA
40V — gmu — 10V
Fig. 3.115
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Solution 50 2? v A B
. . I V.
Step I Calculation of I (Fig. 3.116) YV | g Vm2
Applying KVL to the mesh, y
10 ©
40-5/—-20—10/ =0 4oV j § 1ov
15/ =20
[=133A Fig. 3.116
Writing the V., equation, 50 A B
AN o Ay 0
107 =V, +10=0 }
Vin =10/ +10=10(1.33)+10 = 23.33 V e
Step 11 Calculation of R (Fig. 3.117)
Fig. 3.117
Ry, =5310=3330 3330
AYAYAY A

Step 111 Calculation of [, (Fig. 3.118)

2333V — > 20
23.33 I

1, = =438 A
3.33+2 B

Fig. 3.118

NORTON’S THEOREM

It states that ‘any two terminals of a network can be replaced by an equivalent current source and an equivalent
parallel resistance.” The constant current is equal to the current which would flow in a short circuit placed across
the terminals. The parallel resistance is the resistance of the network when viewed from these open-circuited
terminals after all voltage and current sources have been removed and replaced by internal resistances,

| ' Iy
: ; /
Metwork | ; G) o;ﬁ éHN R,
| i In
S w ®
Fig. 3.251 Network illustrating Norton's theorem
Explanation Consider a simple network as shown in Fig.3.252
R Ay
AR A'ATA" oA
V= ; A, § A,
0B

Fig. 3.252 Network
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For finding load current through R, first remove the load
resistor £, from the network and calculate short circuit
current /s or [y which would flow in a short circuit placed
across terminals A and B as shown in Fig. 3,253,

For finding parallel resistance Ry, replace the voltage
source by a short circuit and calculate resistance between
points A and B as shown in Fig. 3.254.

Ry

Ry = R+
YT R R,

Norton’s equivalent network is shown in Fig.3.255.
Ry
."-' —
Ry + R
If the network contains both independent and dependent

Iy =1

sources, Norton’s resistances R is calculated as
Vo
Ry = -2
Iy

where V. is the open-circuit voltage across terminals A and
B. If the network contains only dependent sources, then

Vi =0
Irg\; =0

To find R in such network, a known voltage V' or current
[ is applied across the terminals 4 and B, and the current { or
the voltage V' is calculated respectively.

Norton’s equivalent network for such a network is shown in
Fig. 3.256.

Steps to be followed in Norton's Theorem

R, A;
AVAVAY M A
Vo — g A Iy
B
Fig. 3.253 Calculation of [,
H'I Ha
AN A" 0 A
g Hz - HN
o B8
Fig. 3.254 Calculation of R,
;L
w(¥) S v A,

Fig. 3.255 Norton'’s equivalent network

o4

o8

Fig. 3.256 Norton's equivalent network

1. Remove the load resistance R, and put a short circuit across the terminals,

Find the short-circuit current f_,ﬁ_[._ or f,\..

w o

Find the resistance R, as seen from points A and 5.

4. Replace the network by a current source 7, in parallel with resistance R, .
5. Find current through R, by current-division rule.
Iy Ry
Iy =————
Ry + R
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“ FEINICERTEN  Find the current through the 10 £2 resistor in Fig. 3.258.

8 0 12V
L AVAYAY: Ii
20V
g 20 g ioa
510
Fig. 3.261
80 12V
Solution J_ WV II A
Step I Calculation of [, (Fig. 3.262) 20 VW ] .
Applying KVL to Mesh 1, D ;2 a D I
50, 420-2(1, - 1,)=0 0 522 I,
. |
70, =215 = 20 5
Applying KVL to Mesh 2, .
PPLYIng o e Fig. 3.262
=2(fs—-1)-8/;-12=0 a0 (ii)
a1l
2L +100, =12 WV
Solving Eqgs (1) and (1), o
olving Eqs (1) and (n) 551; §29- O a,
fg = —“,f‘.l-TA L&)
Iy=1,=-067A
Fig. 3.263
Step I Calculation of B (Fig. 3.263) p
O
Ry =(5]/2)+8=943 Q
Step 111 Calculation of /, (Fig. 3.264) 0.67 A CD § 9430 § 1oa
9.43 A,
I} =0.67x———=033A(T
’ ga3+10 A °B

MAXIMUM POWER TRANSFER THEOREM

It states that “the maximum power is delivered from a source to a load when the foad resistance is equal (o

the source resistance.’

Proof TFrom Fig. 3.363,

V

I =
R.r + RI.

Power delivered to the load R, = P = I’ R, =

VR,
(Rs+ R.)*

Fig. 3.264

Rs

A4

DEE:

To determine the value of &, for maximum power to be transferred

to the load,
dP
e
pd vV’
dR;, ~ dR, (R, + R, )’

VPR + R~ (2R )R,

+ Rl

(R, + R

Fig. 3.363
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(Ry+ R =2 R (R, + R )=0
RE+RZ+2R. Ry —2R. R, 2R} =0
R; = RL

lence, the maximum power will be transferred to the load when load resistance is equal to the source
resistance.

Steps to be followed in Maximum Power Transfer

Hrn
Theorem S AAY A
I. Remove the vanable load resistor &, . _\\
2. Find the open circuit voltage I across points A and 5. Vi — 4/ R, = A,
3. Find the resistance R as seen from points 4 and B. Ui
4. Find the resistance £, for maximum power transfer. B

R, = Rpy
' " Fig. 3.364 Thevenin's equivalent network
5. Find the maximum power (Fig. 3.364).

/ Vo Fry,
j_ — —
Ry + R, 2Ry,
p2 2
Pm.q.x = "J.l'2 RF = ”; x R’I'h = th
4 R‘n] 4 H['h

|| E)(BI'I‘IP'E 3.82 Find the value of resistance R, in Fig. 3.365 for maximum power transfer and

calculate maximum power.

20 Ae
AYATAY
3V 20 —10v
6V
1 AATAY
20
Fig. 3.365
Solution
Step I Calculation of V| (Fig. 3.366) 20 A B
Applying KVL to the mesh, A ° Vi o
3-2/-21-6=0 N

I=-075A sv=— ("} 3°%¢ 10V

Writing the V', equation,

T 6
6421 -V, -10=0 VMV
20
P =0+21-10=06+2(-0.75)—-10= =35V
. . . .. Fig. 3.366
= 5.5 V{terminal B is positive w.r.t 4)
o ‘alculati : e 210 A B

Step Il Calculation of R, (Fig. 3.367) AAAS -

R = (2]12)+2=30Q
Step Il Calculation of £, g 2a
For maximum power transfer,

Ry = Ry =30 AN

Fig. 3.367 2
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Step IV Calculation of P__(Fig. 3.368) vy

LLIHES

max

4Ry 4x3 55V =

30

Fig. 3.368

Compensation Theorem
In circuit analysis, many times it is required to study the effect of change in
impedance in one of its branches on the corresponding voltages and currents of the
network. The compensation theorem provides a very simple way for studying such effects.
The statement of compensation theorem is as follows.
tatement :  In any linear network consisting of linear and bilateral impedances and active
sources, if the impedance Z of the branch carrying current I increases by SZ, then the
increament of voltage or current in each branch of the network is that voltage or current that
would be produced by an opposing voltage source of value V-(=1.82) introduced in the altered
branch after replacing original sources by their internal impedances.

7.6.1 Explanation of Compensation Theorem

Consider a network shown in the Fig. 7.21.
2'I

21
i —
B  I—
o D I © D [
I

(a) (b)
Fig. 7.21

V is the voltage applied to the network. I is the current flowing through Z; and Z,.
Consider that impedance Z, increases by 62 . Due to this, the current in the circuit
changes to I” as shown in the Fig. 7.21 (b).

Then the effect of change in impedance is the change in current which is given by,

48] = I-I"
Now this current can be directly calculated by using the compensation theorem. First
modify the branch of which impedance is changed, by connecting a voltage source V. of
value I-8Z. The new voltage source must be connected in the branch with proper polarity.

Z, Then replace original active source i.e. voltage source V

- by its internal impedance as shown in the Fig. 7.22.
/-> , The voltage source introduced in modified branch,
2
&l
( % YVe =152

V- is called compensation source with value [-§Z
where [ is current through impedance before
impedance of the branch is changed and &6Z is the
change in impedance.

Fig. 7.22
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Proof of Compensation Theorem
Consider a network shown in the Fig. 7.23.

Zi 21
' oo | ! e |
L 2
v D Z; Vv Zy+6Z
1 I’
(a) (b)
Fig. 7.23
The current flowing in the circuit is given by,
\4
I - ‘Z—l+—zz- e (l)

Consider that the impedance Z, changes by §Z , then the current changes to I’ as
shown in the Fig. 7.23 (b).

The current I’ is given by,
SO
K Z, +(Z, +82) o ()
The change in current due to change in impedance is given by,
3l = I-I
v \ \ \4

T ZAZ;  Z,H(Z,482)  (Z1+42;) (2, +Z,+02)
V(Zy +Z,+82Z)-V(Z, + Z,)
(Z,+Z,)(Z,+Z2,+82Z)

22 V[Z,+ZZ+SZ—Z,-22]
T (2, +Z,)(Z,+2,+82)
B A 52

C (Z,+Z) (Z,+2,+82)

[-62Z .
= {_..__._.._ZI 7z 55 ... from equation (1)
- Ve

81 = (Z, +Z, +8Z) - G
z, Now consider that the branch is
—3 modified as shown in the Fig. 7.24 and
also original voltage source is short

r 2462 circuited. Let the current in circuit be I".

Ve =152 Applying KVL to the loop,
=Z, 1" =(Z,+82) 1"+ V=0
Fig. 7.24
- le + z: +EZ}I" = —lrﬁz

"o [‘E‘ 2 _ vc {4}

T (2, +Z2,+8Z) (Z,+2Z,+8Z)

From equations (3) and (4), I"=81
Thus, compensation theorem is proved.
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mp Example 7.7 : Calculate change in current in the network shown in the Fig. 7.25 by
using compensation theorem when the reactance has changed to j35 £.

30q
+*
100.£45°V ,9
i 40 €1

Fig. 7.25
Solution : Applying KVL, we get,
_ 100445  100445° . oo
PRI AT A
0a
=~ I=(19798 - j0.2828) A - (1)
al

C 350 MNow the reactance has changed to j35.
Hence the current in network will also change

_"“"c = LEZ to I". The change in the reactance is given by,
8Z =40 -35 = 59 (@

Fig. 7.25 (a)

Now the reactance is decreased. Modifying
the network by replacing voltage source by short circuit and introducing compensation
source Vi =1-8Z in the branch altered as shown in the Fig. 7.25(a).

The compensation source is given by,

vc = I'&Z
= (2£-8.13%)(j5) = (2£-8.13*)(5.290°)
- Ve = 10£8187°V .. (3)
Thus, change in current is given by,
5l = Ve . 1048157 0.2169.3247° A

30+i35 ~ 46.0977 £Z49.4°

Substitution Theorem

In network analysis many times it is needed to replace an impedance branch by
another branch with different network elements without disturbing the voltages and
currents in the network. The substitution theorem provides the convenient method to get
the condition under which branch replacement is possible. The statement of substitution
theorem is as below.

Statement : In any network any branch of it may be replaced (substituted) by a branch with
different network elements without disturbing the voltages and currents in the entire network, if
the new branch has same set of terminal voltage and current as the original branch.

Explanation of Substitution Theorem
Consider a network shown in the Fig. 7.26. Let the current through branch AB be 1,4

and voltage across the branch A-B be V5.
The voltage across original branch AB is given by,
Vas = Zap-Iap +E - (1)
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Fin. 7.26

This branch may be
substituted by any other branch
in many other ways where the
branch voltage is given by

th = Z‘AB'I.HB + E. . (2}

where Z',5 and E’ are chosen
such that I,; and V,z are not

changed.

Following are the important points ir the accordance with the application of the

substitution theorem :

1) The substitution theorem is applicable to both the types of the networks such as
linear and nonlinear.

2) If the substitution theorem is applied in non-linear network then a modified
network must have a unique solution. In linesr networe it has number of
solutions.

3) The substitution theorem is useful in proving other network theorems.

4) The substitution theorem is useful in analysis of a network having one non-linear
element.

mmp Example 7.8 : For the network shown in the Fig. /.27, substitute the branch A-B by
a) a voltage source b) a current source.

g

MW

zavC:) %40 20

@

Fig. 7.27

Solution : Let current through branch A-B be I,5.
Total resistance looking from source is given by
R,,q = 2+[41|{2+2}]= 2+[4||4]= 4Q
- Total current Iy = %*—"ﬁﬁ

By current divider rule,
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.~ Voltage across branch A-B,
vﬁn = IABX2=3K2=5V

Therefore branch A-B may be substituted either by an independent voltage source of
value 6 V with the branch current of 3 A or by an independent current source of value

3 A with the branch wvoltage of 6 V. The two substitutions are as shown in the
Fig. 7.27 (a) and (b) and respectively.

20 240 20 20
AW AMM——A AW ww»—-a—(
A i

R <
24 %dﬂ 6V 24\/(:) §4H GF 3A BV

(a) (b)
Fig. 7.27

Millman's Theorem

It is possible to combine number of voltage sources or current sources into a single
equivalent voltage or current source, using Millman's theorem. The statement of the

Millman's theorem is,

Statement : If n voltage sources V|,V ........... .V, having internal impedances (or series
impedances) Z,,Z4,......c.cc.connn, Z,, respectively, are in parallel, then these sources may be
replaced by a single voltage source of voltage V), having a series impedance Z,, where Vy, and
Z yy are given by,

V.Y
VY, + VY, 4.+ V, Y 2 Vi¥i

Vo = n o _ k=l
M Y, + Yy + o +Y, n
XY
k=1
1 1
and M = YEVir oo Y, T &
XY
k=1
where  Y),Y;, ccoveiinnne .Y, are the admittances corresponding to the impedances
A Zy-
Proof of Millman's Theorem )
_____ A Consider n voltage sources in parallel as
shown in the Fig. 7.33.
Z, Z Z
Let us convert each voltage source into
v, V LA an equivalent current source. For source 1,
""" 8 ' 1
L=5-=V Y as Y =
Fig. 7.33 bz, T g,
Similarly for the remaining sources we can write,
L = LY. I =V Y, e, =V, Y,
where Y,.Y,, ............ Y, are the admittances to be connected in parallel. Hence circuit
reduces to,
......... o A

@ [ +® ] O

--------- o B

Fig. 7.33 (raj
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Hence the effective current source across the terminals A-B is,
. (1)

- (2

|
_F—I
+
e
+
-+
—
=

IH —
and Yy
This is because admittances in parallel get added to each other. Hence circuit reduces

to, as shown in the Fig. 7.34.

Y Y, Fees +Y,

° A A
Zu
I“CD Yy
V
o B B

Fig. 7.34 Fig. 7.34 (a)

Converting this equivalent current source into the voltage source we get,
1
v M
M YM
1

as z  J——

M YH

Vi, = Iy 2y
Substituting I,, and Y,, from equations (1) and (2),

1
Vi, = [+ +.........c +1.)-
mo= i+l S A
Vv
but :t=z—’l=v,?,,12=1.r2\f,..1n=v"'f“
VY +V, Y, +..+V, Y,

W = Y, +Y, +..+ Y,

1 1
Yy, Y +Y,+.+7Y,

ZM=

. Thus Millman's theorem is proved.

mep Example 7.10 : Use Millman'’s theorem to find the current through the 10 Q resistance
in the circuit of Fig. 7.35.
2V 5Q
+

_ev’ 12Q

12V, 4Q

L

10Q
Fig. 7.35

Solution : From the given network we can write,
V,=12V,Z,=4QV,=48V,Z,=12Q V,=22V,Z, =50

Y, = +mho, Y, = - mho, Y; = £ mho

According to Millman's theorem, the equivalent voltage source and impedance across

10 Q is given by,
1 1
i = Y1+Y=+Y3"l+“1_ 1
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1 1 1
v - V1Y1+V2Y2+V3YJ = 12X-4-+48Xﬁ+22)(-5-
M Y, + Y, + Ys 05333
= 21375V
Vi . . . T
Zy The equivalent is shown in the Fig. 7.35 (a).
1.875Q @ v
21.375V biog = 2—M_
M +10
T l 2 ) 21.375
100 =15m+10 ~ 18A
Fig. 7.35 (a)

Tellegan's Theorem

The Tellegan's theorem is valid for any lumped network which may be linear or
nonlinear, active or passive, time varying or time invariant. The statement of the theorem
is as below :

Statement : In an arbitrary lumped network, the algebraic sum of the instantaneous
powers in all the branches, at any instant is zero. All the branch currents and the voltages in
that nelwork must satisfy Kirchhoff's laws. In other words, it can be stated as, in a given
network, the algebraic sum of the powers delivered by all the sources is equal to the algebraic
sum of the powers absorbed by all the elements.

Mathematically this theorem can be expressed as,

b
EU* fk =0
k=1

where b is the number of branches in a network.

Explanation of Tellegan's Theorem

Futh PartB Let the network is divided into two
Source 1 parts. The part A with 'n’ active energy
Source 2 o sources and second part B with all the

: ;;fe:; passive elements. Then the power
Source n - delivered by n sources of part A must
be equal to the sum of the power
Power deliverad = Power absorbed absorbed (dissipated or stored) by the
elements of part B. This is shown in the

Fig. 7.36 Fig, 7.36.

mmp Example 7.11 : For the network shown in the Fig. 7.37 verify Tellegan's theorem.

100 100
—WW. WW
+ +
22vJ-‘:' 5Q = 33V
Fig. 7.37
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Solution : Assuming loop currents as shown in the Fig. 7.37 (a).

Fig. 7.37 (a)

Applying KVL to loop A-B-E-F-A,

-lﬂll —511 +511 +22 = ﬂ
-1511 +5‘I:_ = -12
1511 —512 =22 [1}

Applying KVL to loop B-C-D-E-B,
-101, - 33-5I, +5I, =

51, -151, = 33 - (2)

Solving equations (1) and (2) simultaneously,

L
[

n

0.825 A
-1925 A

Current flowing through loop2 is negative which indicates that assumed direction of I,
is exactly opposite to the actual direction. Hence I, flows in anticlockwise direction.
~I; = 1.925 A in anticlockwise direction.

Current through 10 Q resistor between nodes A and B is given by,

iy = I, = 0825 A....... from A to B

Current flowing through 5Q resistor is given by
i, = I+, = (0.825) + (0.1925) =275 A ... From B to E

Current flowing through 10 Q resistor between nodes B and C is given by,

is = I, =1925A ... from C to B.

Total power delivered by sources,

Pdelivemd

(11)(22) +(12)(33)
(0.825) (22) + (1.925) (33)
81.675 W

Total power absorbed by the elements

Pabsorbed

Pdelivemd

(i7 x10) +(i3 x5)+(i3 x10)
[(0.825)% x10]+[(2.75)2 x5]+[(1.925)2 x10]
81675 W

Posiid o Hence Tellegan's theorem is proved.
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Reciprocity Theorem

Reciprocity Theorem states that — In any branch of a network or circuit, the current due to a single source
of voltage (V) in the network is equal to the current through that branch in which the source was originally
placed when the source is again put in the branch in which the current was originally obtained.This
theorem is used in the bilateral linear network which consists bilateral components.

In simple words, we can state the reciprocity theorem as when the places of voltage and current source in
any network are interchanged the amount or magnitude of current and voltage flowing in the circuit
remains the same. This theorem is used for solving many DC and AC network which have many
applications in electromagnetism electronics. Their circuit does not have any time varying element.

Explanation of Reciprocity Theorem

The location of the voltage source and the current source may be interchanged without a change in current.
However, the polarity of the voltage source should be identical with the direction of the branch current in
each position.

The Reciprocity Theorem is explained with the help of the circuit diagram shown below

v P 0= P O

The various resistances R1, Rz, Rz is connected in the circuit diagram above with a voltage source (V) and a
current source (I). It is clear from the figure above that the voltage source and current sources are
interchanged for solving the network with the help of Reciprocity Theorem.

The limitation of this theorem is that it is applicable only to single source networks and not in the multi-
source network. The network where reciprocity theorem is applied should be linear and consist of resistors,
inductors, capacitors and coupled circuits. The circuit should not have any time-varying elements.

Steps for Solving a Network Utilizing Reciprocity Theorem

Step 1 - Firstly, select the branches between which reciprocity has to be established.

Step 2 — The current in the branch is obtained using any conventional network analysis method.
Step 3 — The voltage source is interchanged between the branch which is selected.

Step 4 — The current in the branch where the voltage source was existing earlier is calculated.

Step 5 — Now, it is seen that the current obtained in the previous connection, i.e., in step 2 and the current
which is calculated when the source is interchanged, i.e., in step 4 are identical to each other.
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Problems-14

Verify the Reciprocity Theorem for the network shown in the figure using
current source and a voltmeter. All the values are in ohm.

2 4
A AV

1§ 3 5§

Solution

Using a current source and a voltmeter,

Let, eq, e; be node voltages, v; be the voltmeter reading.

1 20 2 4 Q 3
AN —— AN
Iy 10 an§ 50

By KCL,
Atnode (1) = 3¢, —e, — 2i, =0 (i)

Atnode (2) = —6¢, +13¢, —3v, =0 (i)
At node (3) 9v, = Se, (iii)

From (i) = —6e, +13x%v, “3u, =0
= —be +[m—3) v =
5
102 17
= 6'61 +TU1 ='r"‘€| :?V]
~ 17 9 :
From (i) = 3)::?1!1 —3" = 2i

(£ )e

www.Jntufastupdates.com



Interchanging the positions of the current source and the voltmeter,

Now, let v be the voltmeter reading

By KCL,
Atnode (1) = 3w, =g, (V)

Atnode (2) = —6v, +13¢;, —3e; =0
= _6‘1-’2 +13}<3U2 —3€3={}

— Eg = l l'lr’z (V)

Atnode (3) = Se; — 5e;, +4e; —20i, =0
= ZUII =9€3 _SEZ =9>‘:11V2 -5X3V2 =841"2

(&)

From equations (A) and (B), Reciprocity theorem is proved.
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