Chapter

Network Theorems

LEARNING OBJECTIVES

 Superposition theorem

» Thevenin’s theorem

* Norton’s theorem

» Maximum power transfer theorem
* Reciprocity theorem

After reading this chapter, you will be able to understand:

* Millman’s theorem
Tellegen’s theorem
 Substitution theorem

« Compensation theorem

SUPERPOSITION THEOREM

Statement: Whenever a linear bilateral circuit is excited by
more than one independent sources. The total response is the
algebraic sum of individual responses due to all independent
sources.

Steps to Apply Superposition Theorem

Step 1: Select a single source acting alone short the other voltage
sources and open the current sources (deactivate).

Step 2: Find the current through or the voltage across the required
element due to the sources under consideration.

Step 3: Repeat the above steps for all the independent sources.

Step4: Add all the individual effects produced by individual
sources, to obtain the total current through or voltage across the
element.

Notes:
1. Dependent sources are never deactivated.
2. When an independent voltage source is deactivated, it is set to
zero.

= replaced by short circuit

3. When an Independent current source is deactivated, it is set
to zero.

= replaced by open circuit.
.. I=0, = open circuit.

Solved Examples

Examples 1: Use superposition to find V' =?

2A

©
20 50
MW MAW

100 5Q

| N +
AMAM
MWW

10 v@b

Solution:
(1) Consider the independent voltage source acting alone:
20 x 50
+
ViZioa 50

10V _

Apply KCL (Kirchoff’s Current Law) at node X:

n-won v
2 10 10

5(V,—10)+2V,=0

7V,=50

50

V1=7
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(i1) Consider the independent current source acting alone:

50

gw

50 iy
A S

Y.~

+ —
V,V

; 2x5 10x3

§+5 35

Example 2:

50 04V,

10V

The value of V is

(A) -8V (B) 16 V
(C) -16V (D) 24V
Solution:

(1) Activate independent voltage source only
.. Independent current source deactivated
i.e., open circuit

50 0.4V, /
MAN—¢ “— «—e
X
Vol 20Q Vi Z10Q

10V j) ~ B

V.=-10x04V,
V=-AV =V =0

= V_ =0, so dependent current 0.4V _equal to zero, so it
acts like an open circuit.

5Q

" +
1°V<—> Vor %209

Vo =10><§=8V
25

(i1) Activate dependent current source only.

50 0.4V,
AMAN—g “—
+'—>—+ +
IX
v,, $20Q 10Q <V,
B 5A
_
21,
KCL at node 4,
vV, V
240204V =0
20 5 )

SV,=87,



At node B
5:£+0.4VY
10 ’
0=V +4V,
V=10V
v, :@=16V
5
V=V,
=8+16=24V
Example 3:
A~
. 5Q 100

5A

A
20 VT 30

Find the current through the 3 Q resistor using superposi-
tion theorem.

Solution:
Considering 20 V source alone, i.e., 5 A current source is
open circuited

5Q 10 Q

20V

20 20,5,
543 8

Considering 5 A source alone, i.e., 20 V voltage source is
short circuited.

5Q ,10Q
2
3Q 5A
I, =5x
5+3
I,=3.125A

I=1+1,=25+3.125=5.625A

THEVENIN’S THEOREM

Linear
two terminal

circuit an
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f

- ---o—

Statement: Any two terminal bilateral linear circuit can be
replaced by an equivalent circuit consisting of a Thevenin’s
voltage source and Thevenin’s series resistor. Thevenin’s
voltage source is the open circuit voltage across the termi-
nals and Thevenin’s resistance is the equivalent resistance
across the terminals.

Note:
1. Circuit consisting only independent sources; V,, R,
are calculated conventionally.
2. A circuit consisting of both dependent and independ-

ent sources; V,, I

y

= Rthzli‘Q

sC

3. A circuit consisting only dependent sources.
Voe
Ry = 2£Q

[DC

V,=0Vand/ =0A

Examples 4: Consider the following circuit

2A
3Q

Linear

n/w 8V

, € <—

The linear network contains only DC sources and resist-
ances. The value of V'is
(A) 14V

(C) 8V

B) 2V
(D) indeterminate

Solution: (D)
From the given circuit

V=V, +3x2+8
V="V, +14

But voltage across current source is unknown.
So, V=14 + any value = indeterminate.
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Example 5: Obtain the Thevenin’s equivalent of the net-

work below:

2kQ 3 kQ

ANV

4V (Zi) N\ Yy
4000

ANV

(A) V,=0V,R =5kQ
(B) V,=24V,R, =12kQ
(©) V,=8V,R, =10kQ
(D) None of the above

Solution: (C)
Under open circuit condition,
L,=0
.. The node equation is given by,
V-4 V

2kQ 4000
Vv.-4 T

2kQ 4000

2V, —4)=V,
=V.=V, =8V
But we know,

4
R, =—-" case

sc

Compute the short circuit current

2kQ 3 kQ
— AL

WO b
T 4000

f ISC

But, ¥ =0 from the above circuit

4
__(
000

.. dependent current source

= open circuit

e, —— mA=08mA
(243

R ="n -8 ro_10ka
I, 08

sc

——— N ———e

.. Thevenin’s equivalent is

10 kQ
A
Rin
8V Vin
o

Example 6: Find the current flowing through the 3 Q resistor.

20 6 Q

%29

12V

402 3A(%

So0

(A) 1A
C) 5A

Solution: (D)
Applying source transformation to current source it becomes.

(B) 3A
(D) 0.714 A

6Q 6 Q
AMANM—— Ao,
<+ A
I=0
2Q
12V = Vin
— 6V

Apply nodal Analysis at node 4
Vth_12+Vth_6:0
6 2
V,—12+3 (¥, -6)=0
4V, =12+18

V. =§=7.5V
4

th

R,
(1) All independent voltage sources are short circuited
current sources are open circuit.

.. it becomes

6 Q 6 Q
AV AV

§2s2

.

R, =6+6][2
=6+1.5
=75Q



The Thevenin’s equivalent network is shown below:

Rn=75Q
V‘[hC} ?RL=3Q
Ve 75
Y R,+R, 75+3
1,=0.71428 A.
Example 7: 100
5Q
+ A .
- 25V

50 VT T ] =

Determine the Thevenin’s equivalent circuit across AB for
the above network shown in figure.

Solution:
To find V:
/
N 10Q B 5Q i
50V _25 \Y
T TB T
I 50-25
10+5
I= 23 =1.67 A
15
V,=167x5+25
V,=3335V
To find R :
Deactivate the voltage sources
A
10 Q 5Q

l
R,=10]|5=333Q

The Thevenin equivalent circuit is shown in the figure:

AV 0 A
33.3Q

33.35 V]

oB

Example 8: For the circuit shown in figure, determine the
Thevenin’s equivalent between the output terminals.
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Solution:

(4+,6)
(4+j6)+(3—j4)
(4+j6)

7+ j2

7.21/£56.3°
7.28./15.95°
V., =49.5240.35°V

V, =5020°x

=50£0°x

=50£0°x

To find Z :
Short circuit the source 50.£0°

F—aA

—j4Q

<z,

o B

B—j4(4+j6)

Lo =PIV G T @ 6)

| 5453.13°x7.21£56.3°
7.28./15.95°
=1 +4.95/-12.78°
=1 +4.83 —j1.095
= 4.83 —j0.095
Z =483/-1.13°

4.83/-1.13°
49.5.240.35°

B

Example 9: Find the current through the 5Q using
Thevenin’s Theorem,
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(A) T=0.194 A
(C) I=0A

Solution: (A)
Balanced condition
R R =R R,
10x8#6x%15

.. The bridge is unbalanced so current flowing through the
5 Q resistor is not zero.

(B) 1=03A
(D) None of the above

15Q

()

Vth= Vab= Va_ Vb
- 100x6 —375V
6+10
8
V, =100x =3478V
15+8
V‘h =375-3478=2.717V
R,
10Q 15Q
6 Q 8Q
8.97 Q I

e o

R,=(10]/6)+(15]|8)
=3754+521=897Q

;- 2.717

g =0.194 A,
13.97

Example 10: The Thevenin’s equivalent voltage V, across
the terminal 4 and B of the network shown in the figure is
given by

3 Q

100 £0°V
10020

(A) j16(3 —j4)
(C) 16(3 +j4)

Solution: (A)

(B) j16(3 +4)
(D) 16(3 - j4)

100£0°V

2Q —
100£0°V <~> ]

v, =V, =100x 1"
: Jj4+3

_100x4(3-j4)
25

J16(3—j4).

Example 11: For circuit shown in the figure, Thevenin’s
voltage and Thevenin’s equivalent resistance at terminals
a->bis

1A

/N

N l

0.5 I,

+
=T

(A) 5Vand2 Q
(C) 4Vand2 Q

Solution: (B)

(B) 7.5Vand 2.5 Q
(D) 3Vand2.5Q

Vo=V,
For V:
Vth_lo_'_Vm =0
5 5
ZVm_ 10-5=0

V,=75V.
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For R : Deactivate the independent sources I, =0
2i,
a 5Q A JA
——e o————e& \W\W—— - * <

051 59% %49 %m ) Vees

° i
b B
R,=R,=5]|5=25Q Applying KCL at node 4,
s V,=75VandR, =2.5Q 1A=@+il
2
4 . Vtest B 2ll
NoRTON’s THEOREM But =t
A one port linear, active, resistive network, which contains . .
4i +2i =V
one or more voltage or current sources can be replaced by a ! 1 et
single current source in parallel with a resistance. V.
L= T A
® g
2 1A= Vi + Ve
. 2 6
Linear
active = (1) %R 6=3V +V
network ( N N test T 7 test
b Vtest =15V
ob

Vies
= =150
Ry =T A

R, Example 13: For the above circuit find the Thevenin’s
equivalent circuit.
Example 12:

Solution:
2i We know, R, =R, = 1.5 Q, so the network does not have any
i ox active independent sources. Hence, V', =0V
—o
40
S40
i1
Rin %1 5Q
L 34
The Norton’s equivalent of the network is
L— e
A) I .=0,R,=15Q
&) Iy N A Example 14:
(B) V,=0V.£, =10 4
+ 5Q
20V T1=-
(©) ISC:O,RN:§Q T 100 6Q
(D) None of the above B
Solution: (A) Using Norton’s theorem, find the current through the 6 Q

The network does not have any active independent sources, load.
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Solution:
To find 7, short circuit load terminals,

20 VT

5Q Yin

To find R, , remove load, short circuit the voltage source 20 V

AA%Y 0
5Q
10 Q < Ry
O
R, =5)10="10 _3330
5110

The Norton equivalent circuit is

0

Ry _, .33

I =
YR, +R, 3.33+6

=1

[ =143A

Example 15: In the circuit shown below, the Norton’s
equivalent current, with respect to the terminals P and Q is

j30Q
(TT50) oP

R

1620°A() %25 Q - jsoa

50 Q
VWWWY

(A) (6.4 +j4.8) A
(B) (16 +,0) A

(C) (6.4—j4.8)A
(D) (6.56—7.87)A

Solution: (C)
For Norton equivalent current short circuiting the terminals

PQ

16A (1) %259 Ylsc

15Q

25

I =16£0°x——
: 25415+ j30

25
40+ j30

_ o 25x16 1

B J40y" + (30> £36.86°

=8/~ 36.86°

= 8 [c0836.86°— jsin36.86°]
[ =(64-j48)A.

x16£0°

MaxiMuUM PowEeR TRANSFER THEOREM

This theorem is used to find the value of load resistance for
which there would be maximum amount of power transfer
from source to load.

Statement: A resistance load connected to a DC network,
receives maximum power when the load resistance is equal
to the internal resistance (Thevenin’s equivalent resistance)
of the source network as seen from the load terminals.

A Al

M
DC
source =
n/w Ry
y

Figure 1 Load connected to the DC source network

Wik

<@

Vi Q>

y

Figure 2 Equivalent network

= This theorem is applicable only for linear networks
= This theorem is applicable only when load is variable



Case 1: Load is variable resistance R,

Rs= Ry, |
vs()
R,
-
R, +R,

P, =V-I=P-R,W
Max power deliver to R, is
VZ
T (Ry+R,)

L RL

To determine the value of R, for maximum power trans-
ferred to the load.

dP

fall AP

dR,

dP,  v'[(Ry+R,)’-1-2R (R +R))] 0
dR, (Ry +R,)

R'+R+2RR, -2R,-R —2R; =0

for max power transfer condition.

P =2 .—Rs
max N (RS +RX)2
V2
P =——W
4R,

P, =P R +IR,

total
VZ
=2I°R, = ——W
‘ 2R

s

Efficiency of MPT# = usefull power (loadpower)

Total power

2

s

4R
n%=---x100

s

2R,

nmax = 50%

= That is, the efficiency of a circuit at Maximum power
transfer condition is 50% only.

Case 2: Load is variable Impedance Z, and source imped-
ance Z.
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> Zg L

+
V(5 ,;ZiIZL_ R, + X,

Vs Vs
ZL+ZS (RS+jXS)+(RL+jXL)

P, =|I’| R (W)
VS

IE
JR + R, +(X, + X, )

_ VSZ'RL
(Ry+R, Y +(X,+X,)

L

1. Only R, is variable:

. dP,
For maximum power transfer —= =0
L

.. Condition for MPT

R, =R +(X,+ X, Q
P TR ——
Pmax :R_L: R; +(XS +XL)2

L

2. Only ‘X’ is variable:

P, 0

L
Condition for maximum power transfer
= X =-X

S
-

3. Both R, and X, are varied simultaneously:

For MPT d

In this case consider the above two conditions.
o Z, =R +jX,
=R -jX =2

P ax:PLatRL:RSandatXL:—X

m; S

PL
=— =7
max ZL s
V2 VZ
™ T 4R 4R
Note:
InZ =R, +jX,
If X =0
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Then R, = R +(X,+X,)* Q

Subjected to X, = 0 above

R =R +XQ
S R =1ZQ

P =P atR =|Z|Q

max

Example 16: Find the maximum power that can be trans-

ferred to R,
3Q
5Q
C) oA 2Q R,
10 VT
3Q
Solution:
Find the Thevenin’s equivalent circuit
1) Vy:
3Q
L J
5Q
2Q
CT 2A Vin
10V T l
AV L J
3Q
Applying nodal Analysis,
Yo =10 Va5
5 2
2V, —10)+5V, =20
7V, =40
40
Vie = 7 \4
(i) R,
3Q
— AW——e
5Q % -
30 ‘_‘
L AWM———e
Rin

Ve 36.65

" 4R, 29.69
=1.09 W

~1W

Example 17: In the network of the figure, the maximum

power is delivered to R, if its value is

2
—

40 Q
.

%409

0.5/ T

(A) R, =16.66Q
(C) R, =26.66Q

(B) R,=20Q
(D) None of the above

Solution:
=R :ﬁ
th L I

sc

0.5/, l

Vth _50+ﬁ:0'5|:Vth _50:|

40 40 40
LV =500 T _
21 40 40

V,-50+2V,=0

W, =50 = th?v

t

40 Q

40 Q

0.5/, T i
T 50V




v, 50
_ _th _ Q
R . 3x0.625

A
= 26.66 Q

2nd method: For maximum power delivered to R, open
circuit R,.

R, Across AB.
A )
I1
40 Q
0.5, (t o TV
B
All independent sources deactivated
KCL at Node 4
0.5, +1= r + r
40 40
But I = s
40
0.5 r +1= 27
40 40
I 15V
40
y_a_ 26.66 Q
1 5
Solution:
In the circuit shown, what value of R, maximizes the power
delivered to R,?
4 Q
- F
Vy
4Q 4 Q I
AAA%% MW\ <
h

(f)100V

Note: The value of R, maximizes the power delivered to
the load equal to Thevenin’s resistance find the Thevenin’s
resistance by using case 3.

Example 18: In the circuit shown in the below figure, the
power absorbed by each element is
30 Q

T+ =

120V
T +
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Solution:
Applying KVL for the loop

120 =307+ 2V, =+ 151

V,=-151
120=307-2V,+151=0
I=8A
P=V-1=-8x120=-960 W
Delivered by 960 W

P, =30x8=1920 W = absorbed
P,,=+8X(-2x15%x8)=-1920 W
P .,=82x15=960 W
Total power = —960 + 1920 + 960 — 1920
=0W.

.. Total power delivered = total power absorbed.

Example 19:
(15+,20) Q

50£0°
Z

For the circuit shown in figure, find the value of load
impedance for which the source delivers maximum power.
Calculate the value of the maximum power

(A) 4133 W (B) 50 W

©) 5W (D) =30 W

Solution: (A)

For maximum power transfer

Z, =7
Z,=(15-;20)Q

When Z, = (15 - j20) Q, the current passing through the
circuit is

v 50.£0°

Z +Z, 15+ j20+15— /20
_3020° 4 6600

30.£0°

The maximum power transferred to load is
Pmax = IZRL
=(1.66)>x 15=41.33 W

ReciprociTY THEOREM

Statement: In a linear, passive, bilateral and time invari-
ant network, the ratio of output to input (source) is constant
even though the source is interchanged from input terminals
to output terminals.
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—] 4 MILLMAN’S THEOREM
% T N/W Statement: When a number of voltage sources (V,, V,... V)
are in parallel having Internal resistances (R, R, ... R)

respectively. The arrangement can be replaced by a single
equivalent voltage source ¥ in series with an equivalent series
resistance R as given below.

by N/W lT Vs

‘ _____
S S-S
i.e., — = constant Ry Ry R,
V Ry
[ 1 I 2
= T v, V. v,
I/l I/Z 1 2 n
Note: The presence of the dependent sources makes the net- P

work active and hence the reciprocity theorem is not applicable.
.. Reciprocity theorem is not applicable to active networks.

Example 20:
3A > A
ingn : i
5V N/W vy2A
j— %
IX
10 v-l?__[ wwo | L 20V M

As per Millman’s Theorem

The network contains only resistances. Use the data given in
Figure 1 and find the current /_in Figure 2.

v o GG, +:2V,G,

(A) 2A (B) 6 A G +G,+:+G,
(C) 2A (D) 1A
Sol (C) R=- 1
olution: e
From the Reciprocity theorem G GG +tG,
I 1 "
- =% = constant ie _ 222G
V.V, o - n
1 2 o Gk

(1) Consider that the 10 V is activated
= This theorem is applicable to only linear networks.

3x2
b, W Examples 21: Find the current through the 1€ resistor
1oV ‘[ y2x2 using Millman’s Theorem.
I
I =6A. -

(ii) Consider 20 V source is activated

2x4

20 40 <10 10
—_|3X4 3A<b (Dsa
Y N/W :I_zov 5V

2

I =8A ®

Bzy using Superposition theorem

I =1 -1 (A) I=3A (B) I=1.09A
=6-8=-—2A ©) I=7A D) I=-1A



Solution: (B)
Converting current source to an equivalent voltage source

/
»—@

2Q 1Q

P

6V 20V 5V

= Vin
[: I/th
R, +1
VG
= V[h_ k= k
G/(
6_20.5
2 4 1
Yo =
7+i —
2 4 1
37345 3 sy
0.5+0.25+1 1.75
RN 1.75
2 4 1
_ 1.714 —1.09A
14+0.57

TELLEGEN’S THEOREM

Statement: In an arbitary network, the algebraic sum of
powers at any given instant is zero. That is, the power deliv-
ered by some elements is equal to power absorbed by other
elements present in the network.

n .
j=1 V.f XL = 0

Where n = Total number of branches
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Notes:

1. When current enters at the positive terminals of an ele-
ment, then that element will absorbs the power, other-
wise it will delivers the power.

2. Sources can deliver power or absorb power, whereas
the passive elements will always absorb power since
the current will enter at the positive terminal in the
respective R, L, C’s.

Properties: This Theorem is independent of the nature of
the elements.

Example 22: For the circuit shown in figure, verify the
Tellengen’s Theorem.

I OFY

)

Solution:

21,

10v(® 100

“ P,=V-I=P-R
=10 W (absorbed)
V,,=10V
= P,, =-2x10=-20 W (delivered)
[,,=2-1=1A
= P,,,=10x1=10W (absorbed)
S 2XVI=0
Total absorbed power = Total delivered power
Pyt Pyt Ppe=0

.. Tellegen’s Theorem is verified.

Example 23:
8V

S

2A
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Solution:
Verify Tellengen’s Theorem?

V,,=6-8=-2V

P, =V-I1=-8Xx2=-16 W (delivers)
P,, =2x2=4W (absorbed)
P,,=V-1=12W (absorbed)

.. Y power =0
-16+4+12=0
.. Tellegen’s Theorem is verified.

SuUBSTITUTION THEOREM

The voltage across the current through any branch of a DC
bilateral network can be replaced by any combination of
elements that will make the same voltage across and current
though the chosen branch.

In a linear network any passive element can be equiv-
alently substituted by an ideal voltage source or an ideal
current source provided all the other branch current and
voltages are kept constant.

Any branch in a linear network can be substituted by a
different branch without disturbing the voltage and currents
in the entire network provided the new branch has the same
set of terminal voltage and currents as the original network.

= This theorem is applicable for any LTI and bilateral

networks.
i :l
N/W R=| NW <J_r> vl NW TN
Where V=R-I
P=V-1=PR(W)
Example:
a a a
lg A
2A
30 .
0V
10V 2A
+
4V -

2A

10Q 10V

b

Figure 3 Equivalent circuits of branch a— b

COMPENSATION THEOREM

Statement: In an LTI network when the resistance ‘R’ of
an uncoupled branch, carrying a current (/), is changed by
AR, the current in all the branches would change and can
be obtained by assuming that an ideal voltage source of (V)
has been connected in series with (R + AR) when all other
sources in the network are replaced by their internal resist-
ances V =1-AR.

This theorem is useful in determining the current and
voltage changes in circuit element when the value of its
impedance is changed.

Example: Bridge and potentiometer circuit.

Duality of circuits Two linear circuits are said to be duals
of one another if they are described by the same characteris-
tic equations with dual quantities interchanged.

Network and its dual are same only with respect to the per-
formance, but the elements and connects point of view are
not equal.

Table 1 Dual pairs

R PN G
L PN c
z PN \4
% PN /
Voltage Source PN Current Source
KCL PEN KVL
Star PN Delta
Node PN Mesh
Series PN Parallel
Open circuit PN Short circuit
1fi(t)dt AN 1jv(t)-dt
c L
Thevenin’s PARN Norton’s
R-i(f) PN G- V)




Example 24:
3Q 1Q
VWY

+

2H
SOZOOC’D g ——4F

The dual of the network is

Solution:
Dual of the given network,

V< I, R G; L < Cand series <> parallel

2F
I

5.0°A(})
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Example 25: Obtain the dual of the network shown in

figure below.
5H

. %1OQC>5A

v ()

Solution:
Dual of the above network
Series <> parallel, V<> I, L <> C,R < G.

3H 100
(TTIN A

.
1OA<T> —5F =5V

Practice Problems |

Directions for questions 1 to 28: Select the correct alterna-

tive from the given choices.

1. The maximum power transferred to the load in the cir-

cuit is given as 0.5 W. Get the values of R and R,.

5V— RL

(A) 15Q,10Q (B) 125Q,125Q
(C) 10Q,15Q (D) 10kQ, 10 kQ
2. Find the efficiency of the circuit given for R, = 50 Q
AW
5Q
VT1ov Réso Q
(A) 99% (B) 91%
(C) 80% (D) 87%

3. Current in the circuit is given by the equation i(¢) = 10

(A) 3535W (B) 291.5W
(C) 250 W (D) 176.7W

4. In the circuit shown below the Norton equivalent cur-
rent in amps across A — B is

50,
11
20«0 10Q —-j50
—Y
20 B~
(A) 19.45+3.24 (B) 6.48 —j1.08
(C) 12.97-,2.16 (D) 20 + 0

5. Find the Thevenin equivalent voltage external to the
load R,.

5 kQ 1kQ 2V
—/\/\‘;\/\, AN ~ > ?
+
—<~>5o v <D 1kQ H§ Vab
20 n?A l
b
(A) 25V (B) 50V
(©) 49V (D) 45V

cos(207t + 50) and the impedance of the load is given
as Z, = 5 + j3. Find the average power delivered to
the load.

. Find the Thevenin’s resistance associated with the

circuit.
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\ +- A
4 kQ
10V 4 kQ 2 kQ
B
(A) 1kQ (B) 0.45 kQ
(C) 2kQ (D) 0.22 kQ

Common Data for Questions 7 and 8: Select the correct
alternative from the given choices.

8Q 70
A
15Q 150Q
200 V J_r) 100 $100
30 Q 30 Q
B
15Q 15Q

7. Find Thevenin’s equivalent voltage of the circuit.
(A) 100V (B) 120V
(C) 125V (D) 150V

8. The resistance across 4 — B is 10 Q. Find the current
through the 10 Q resistor.
(A) 5.1A (B) 6.45A
(C) 335A (D) 139A

9. When a resistor R is fed from an electrical network ‘N’
consumes a power of ‘P’ W as shown in Figure (a). If
an identical network is added as shown in Figure (b) the
power consumed by R will be

v

(a)
N % N
(b)
(A) 2P (B) P
©) g (D) between P and 4 P

Common Data for Questions 10 and 11: Select the correct
alternative from the given choices.

—j1Q
I

3Q

10040{9 i

j4Q

10. Find the value of Z, at which maximum power is trans-

ferred to Z,.
(A) (1.24-,0.676) Q (B) (1.24 +,0.676) Q
©) 1.31Q (D) 1.24Q
11. The maximum power transferred is
(A) 201.6 W (B) 617W
(©) 2016 W (D) 6170 W

Common Data for Questions 12 to 15: Select the correct
alternative from the given choices.

12. For the Circuit shown in the figure, the Thevenin volt-
age and resistance looking into x — y are

1Q X

P ’

1Q

©)

(A) 4/3V,2Q (B) 4V,2/3Q
(C) 4/3V,2/3Q (D) 4V,2Q

13. The Thevenin equivalent impedance Z, between the
nodes P and Q in the following circuit is

1H H-||:
10Q
® %
10V QT 1A
1
(A) 1 (B) 1+S+§
1 ST+S+1
C) 2+S+— D) ————
© S ®) S?+2S5+1

14. The short circuit test of a 2 port 7 network is shown in
Figure (a). The voltage across the terminals 11” in the
network shown in Figure (b) will be

15A 2
+ L
1o_4|= 1 N }1A
2!
(a)
] 2
1
. Ny > TS5V
(b)



15.

(A) 2V (B) 5V
) 10V (D) 1V

The Norton’s equivalent circuit at terminals PQ has a
current source and a Norton’s resistance of

15Q o & P
+ +
100Q
o
Q

B) 1004, 0
12

(A) 10A,3.33Q

(C) 100A,3.33Q (D) 500 A,3.33Q

Common Data for Questions 16 and 17: Select the
correct alternative from the given choices.

16.

17.

s /8L 60 j8Q

R

100«£0° 90.,0°

In the circuit shown in figure, under the maximum
power transfer condition, the value of R, is
(A) 5Q (B) 20 Q

(©) ? Q (D) 6Q

The power absorbed by R, at maximum power transfer
condition is
(A) 1000 W
(C) 625W

(B) 500 W
(D) 2000 W

Common Data for Questions 18 to 22: Select the correct
alternative from the given choices.

18.

The Thevenin voltage at the terminals 4B of the net-
work shown in the figure is

19.

20.

21.

22.

Chapter 2 Network Theorems | 3.403

The value of the resistance R, connected across the ter-
minals 4 and B, which will absorb the maximum power
is

(A) 4kQ (B) 4.11 kQ

(C) 8kQ (D) 9kQ

For the circuit shown in figure, the Thevenin voltage
and resistance looking into X — Y are

1Q
B o X
]
2] 1Q 2Q§ oo
- |
Oy.
@) *v20 ®) 4v.20
3 3
4 2
© V.59 (D) 4V,2Q

An AC source of RMS voltage 20 V with internal
impedance Z; = (1 + 2) Q feeds a load of impedance
Z, =(7+4j) Q shown in the figure. The reactive power
consumed by the load is

Zs=(1+2)) Q
20£0°V
Z =(7+4j)Q
(A) 8 VAR (B) 16 VAR
(C) 28 VAR (D) 35 VAR

The value of R (in Ohms) required for maximum power
transfer in the network shown in the figure is

— AMA NV

5Q

4Q
(o5 v 20Q CDsA R

I+
[

(A) 2
©) 8

(B) 4
(D) 16
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23. For the following circuit the value of i, and R, are

10 Q 5Q
— AAAA 0a
b
25Q In, Ry
150+
e b
(A) 2A,12Q (B) 0A,20Q
(C) 0.5A,20Q (D) 0A,12Q
24. For the circuit shown in figure below the values of R
and V are
2l 100 Q
—Q——/ww—_:a
0.01V, T
100 Q % % Vx
300 Q
800 Q %
—WW\—e—0 b
s Rin
(A) 0V, 100 Q (B) 0V, 1200 Q
(C) 5V,100Q (D) None of the above

25. Consider the following circuits

4A Ix
L, R VN
5VT 2AY15VT Tov

(@) (b)

The network ‘N’ contains only resistances. Use the data
given in Figure (a) and find the current i in Figure (b)
(A) 0A (B) 12A

(C) -6A (D) 6A

26. In the circuit shown in figure, which one of the follow-
ing theorem can be more conveniently used to evaluate
the responses in the 10 € resistors.

J-10;.J_F

10Q 35mMH

P z2sin 1001210

2 sin 50t

(A) Thevenin’s Theorem

(B) M PTT (Maximum Power Transfer Theorem)
(C) Milliman’s Theorem

(D) Superposition Theorem

27. Consider the network shown in the figure below:
I

>
>

sy 250

The current / is
(A) 0.23A (B) -0.23 A
(C) 225A (D) -0.5A
28. Consider the circuit shown in the below figure:
1Q 2Q
AMAW AV

—
IX

12V<i> +2i,
C>2A

The current i_would be
(A) i =16A
(©) i =-15A

(B)i=13A
(D) i =0.8A

Practice Problems 2

Directions for questions 1 to 16: Select the correct alterna-
tive from the given choices.
1. Find the Thevenin’s equivalent of the Circuit given
below:
41,

<> a

sa 10Q

() 20v

(A) V,=20V,R, =3.3Q
(B) V,=16V,R, =5Q
(C) V,=20V,R,=5Q
(D) V,=4V,R, =10Q

2. Find the state equation for the circuit given.




i

(A) Lﬁ =07V, ~1.5i,R+.5V
di, .

(B) L=2=-07, +15,R~5V
di, .

(©) L=2=0TV, ~15,R+.5V
di, ,

(D) L=2=0V, ~15,R~5V

. Find the transfer function of the network shown.

vV, 1 Vv, 1
A) 02 B) -0 =_—
()KS ()K13

V, Vv, -1
C) L-9 D) & —_—
© 3 @) =13

. A network is shown below with an unknown load R.
Find the value of R so that maximum power is delivered
to the load.

5V
2Q |—5x

+ 1

2A 50 % §H

y

(A) 5Q (B) 7Q
(C) 143 Q D) 2Q

. The Thevenin’s resistance across the terminals AB of
the figure is .

2A
D)
Kty )/ oA
> 20 2Q
5vg> % "y
_ oB
(A) %Q (B) 2Q
(©) %Q (D) 5Q

6.

10.
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In the circuit shown in the figure, the power consumed
by R, is

20 10
MM MARN
5V
10V 1Q Ri=2Q
20

25
B) =W

25
(A) EW

25 5
©) §W (D) EW

In the circuit shown in the given figure the Thevenin
impedance between terminals 4 and B is

1=

B
3Q

(B) 3Q

10£0°

>
N

j3Q

(A) 6Q
3_J3
© 373

In the circuit shown in the figure, the current through
resistance R, is

20
A + o
20
2A<§<[f1 v 20 ZR=70
AW o
20

3
(B) SA

(D) 6+j6

2
(A) 3A

4
©) §A

1
(D) 3 A
A source of angular frequency 1 rad/sec has source
impedance consisting of 1 Q resistance in series with
1 H inductance. The load that will obtain the maximum
power transfer is
(A) 1 Q resistance
(B) 1 Q resistance in parallel with 1 H inductance
(C) 1 Q resistance in series with 1 F capacitor
(D) 1 Q resistance in parallel with 1 F capacitor

Superposition theorem is NOT applicable to networks
containing

(A) non linear elements

(B) dependent voltage sources

(C) dependent current sources

(D) transformers
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11. The maximum power that can be transferred to the load
resistor R, from the voltage source in the figure is

10 V]

A) 1W B) 10W

(©) 025 W D) 0.5W

The Thevenin equivalent impedance Z, between the
nodes P and Q in the following circuit is

12.

|
tH ]!
10 p1F
CDM 10
10 Q Q
i
1
(A) 1 (B) l+s+-
S
2
(€) 24542 (D) Sz+—”l
K s +2s+1

13. The Thevenin equivalent voltage V', appearing between

the terminals 4 and B of the network shown in the figure

is given by
A
J_ 3Q A

j2 -"—jG A Vi
B

100£0°

(A) j16 G —j4)
(©) 16(3+j4)

14.
5Q

——AAMA—

(B) j16 (3 +j4)
(D) 163 -j4)

20 Q
50 V]

In the circuit shown, the adjustable resistor R is set such
that the power in the 5 Q resistor is 20 W. The value of

Ris
(A) 6Q
C) 4Q
15.
4Q
20V

(B) 25Q
(D) 16 Q

A
6 Q

8Q

3A
B

The Norton equivalent of the above circuit is

(A) I,=8A, R,=10Q
(B) I,=0.8A R,=10Q
(C) I,=3A R,=8Q

(D) I,=8A R,=3Q

16. Inthe circuit shown in the below figure, V,,=48.3.230°.
The applied voltage V' is
" 4Q 50
\ A B
, j8.66 Q
- —Ir— j4 Q
(A) 40£90° (B) 100£130°

(C) 50£135°

(D) 100£135°

PRrREVIOUSs YEARS’ QUESTIONS

1. The equivalent capacitance of the input loop of the
circuit shown is [2009]

Iy 1kQ 1 kQ

—100 uF

. 1

(A) 2 uF (B) 100 uF
(C) 200 pF (D) 4 uF

2. For the circuit shown, find out the current flowing
through the 2 Q resistance. Also identify the changes
to be made to double the current through the 2 Q
resistance [2009]

(A) (5A;Put”.=20V)
(C) (5A;Putl=10A)

(B) 2A;Put V. =8V)
(D) (7A; Putl=12A)

V=4V

O

Is=5A

®

Common Data for Questions 3 and 4:

2 kQ
+

N\ 3Vas o/

§2 ko

5V

°B
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3. For the circuit given above, the Thevenin’s resistance R=05Q
across the terminals 4 and B is [2009]
(A) 0.5kQ (B) 0.2kQ *
(C) 1kQ (D) 0.11 kQ 1/jQ

4. For the circuit given above, the Thevenin’s voltage

. . 100 sin(wt)
across the terminals 4 and B is [2009]
(A) 125V (B) 025V 1/j Q 1jQ
©) 1V (D) 0.5V

5. The impedance looking into nodes 1 and 2 in the

given circuit is [2012]
' 10. For the given circuit, the Thevenin equivalent is to be
b determined. The Thevenin voltage, V7, (in Volt), seen
- . from terminal 4B is ) [2015]
1kQ 99i,
201
1Q
%9 ke 1 AV = $ A
100 Q
N .
iz —_—2V 1Q§¢I §2£2
(A) 50Q (B) 100 Q 5
(C) 5kQ (D) 10.1 kQ

11. An inductor is connected in parallel with a capacitor

6. A source v (f) = V cos 100 7z has an internal imped- .
X as shown in the figure.

ance of (4 +j3) Q. If a purely resistive load connected
to this source has to extract the maximum power out

of the source, its value is € should be [2013] ) — (T
(A) 3 (B) 4 / -

C) 5 D) 7

© (D) P

7. In the circuit shown below, if the source voltage V, =
100£53.13°V then the Thevenin’s equivalent voltage

in Volts as seen by the load resistance R is ~ [2013] As the frequency of current i is increased, the imped-

i ance (Z) of the network varies as [2015]
sa 19 82 50
N ) |
¢\ Inductive
Vs 10V, R =10Q T
I 2 =
(A) 100£90° (B) 800£0° \
(C) 800£90° (D) 100£60° capacitive |

8. In the figure, the value of resistor R is (25+£)
2

—>

ohms, where / is the current in amperes. The current /
is . [2014] z

I@
—
@:itive

(B) 5

© T A "
nductive / \Capacitive
9. The reading of the voltmeter (rms) in Volts, for the z /\

circuit shown in the figure is [2014] | ;
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12.

D) T

Z |Inductive

_> f
Capacitive

A resistance and a coil are connected in series and
supplied form a single phase, 100V, 50Hz ac source
as shown in the figure below. The rms values of pos-
sible voltages across the resistance (V) and coil (V)
respectively, in volts, are [2016]

13.

(A) 65,35 (B) 50, 50
(C) 60,90 (D) 60, 80

The voltage (V) and current (4) across a load are as
follows.

v(f) = 100Sin(mt),

1(?) = 10Sin(wt — 60°) + 2Sin(3wt) + 5Sin(5mt)

The average power consumed by the load, in W is
[2016]

ANSWER KEYs

EXERCISES

Practice Problems |

1. B 2. B 3. C 4. B 5. A
11. C 12. D 13. A 14. D 15. C
21. A 22. C 23. B 24. A 25. A
Practice Problems 2

1. A 2. A 3.B 4. B 5. B
11. C 12. A 13. A 14. D 15. B
Previous Years’ Questions

1. A 2. B 3.B 4. D 5. A
10. 3.36 V 11. B 12. D 13. 250

16.
26.

D 7. C 8. B 9. D 10. B
A 17. B 18. A 19. A 20. D
C 27. B 28. A

C 7. B 8. D 9. C 10. A
C

C 7. C 8. 10 9. 141.42
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