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Network Elements
and Basic Laws

LEARNING OBJECTIVES
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Classification of network elements
Independent sources

Network terminology

DC network

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

« AC network

Kirchhoff’s laws

Circuit elements are connected in parallel
Nodal analysis

Mesh analysis

BAsic CoONCEPTS

The most basic quantity used in the analysis of electrical circuits
is the electric charge.

Basic Quantities

Electron

Electron is a mobile charge carrier. The electron (¢) is measured
in coulombs (C). 1 e=1.6x107"C

* Multiples of electrons constitute charge (q)
» The movement of charge (¢) over time causes current.

Current

There are free electrons available in all semi-conductive and conduc-
tive materials. These free e~’s move at random in all directions with in
the structure in the absence of external pressure or voltage. If a certain
amount of voltage is applied across the material, all the free e~’s move
in one direction depending on the polarity of the applied voltage.
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The voltage

According to the structure of an atom, there are two types of
charges; positive and negative charge. A force of attraction exists
between these charges. A certain amount of energy is required
to overcome the force and move the charges through a specific
distance. All opposite charges possess a certain amount of poten-
tial energy because of the separation between them. The difference
in potential energy of the charges is called the potential difference.

The potential difference in electrical terminology is known as
voltage and is denoted by V. It is expressed in terms of energy (W)
per unit charges (Q)

The voltage is defined as the work (or) energy required to move a
unit charge through an element.
The time rate of change of charge produces an electrical current

dq(1)
dt

The electric current is measured in Ampere (A).

i(t) =

_1cC
1sec

1A

Power and energy

Energy is the capacity for doing work, i.e., energy is nothing but
stored work.
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Energy can be expressed as,

W(t) = j p(e)-de = | V(t)-i(t)- dt

Power is the rate of change of energy and is denoted by P.
If W amount of energy is used over a f amount of time, then

Energy W _dW

Power (P)=— =
Time t dt
v _aw_dg
dr dg dt
P=V-IW.

= One watt is the amount of power generated when one
Joule of energy is consumed in one second.
Positive sign convention

Current flows from the positive to the negative terminals.
i(t)

e

V(1) R

PO—
= Power is absorbed by elements if the sign of power is posi-
tive. That is, current enters from the +ve terminal and leaving
from —ve terminal of the element. Power is supplied or deliv-
ered by element or source if the sign of power is negative i.e.,
current enters from the —ve terminal of the element.

Classification of Network Elements

The network elements can be classified as follows:
Network elements

Passive elements

Active elements

Current L C
source

Voltage
source
Where, R — resistance
L — inductance and
C — capacitance

Circuit elements: The basic elements of circuits are resist-
ance, inductance, and capacitance.

Resistance (R)

Electrical resistance is the property of material. It opposes
the flow of electrons through the material. Thus, resist-
ance restricts the flow of current through the material.

— <—>+
o

The unit of resistance (R) is ‘ohm’ (£2).
According to Ohm’s law,
J=0CE

J= % and electric field £ = %

1
—=0x— = V=—%—
A c
y=LLg
A
~V=R-I=
Ohm’s law in circuit theory
r=Llo
A

Where,
0 — Resistivity (Q—m)
¢ — Length of conductor (m)
A—> cross sectional area (m?)

When current flows through any conductor, heat is gen-
erated due to collision of free electrons with atoms.
The power absorbed by the resistor is given by:

2
P=V-I=12R=V—W
R

_aw
dt
dW=P-dt

W:I;P-dt:I;V-Idt:—

Inductance (L)

A wire of finite length, when twisted into a coil, it becomes
an inductor.

< v

v

+ —

When a time varying current is flowing through the coil,
magnetic flux will be produced.
The total flux ¥ (1) = N¢
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w(t)= N -¢(t)wb —
.10 ! ;
dt % vV, T Cq
w()=L-i l
|
d
V=—{L-i
dt e i=% 5
dt
dt
. c=1f
= =] VA v
Lo d
= power P=7V"1. = :ZCV
W= p-d = i =c¥
dt
W={Lidi
L.
V.= —J‘lcdl‘ \%
W = ! Li* ] ¢
= rE = P=Vi
The energy stored in the inductor at any instant will W, = JPdt = lC V2]
depend on the current flow through the inductor at that instant. 2
s For parallel plate capacitance
HN" A4
L=—"— o C
L
+ —_
+ -
Where, ¥ -
¢ — Length of the inductor + ‘
N— Number of turns * -
A— Cross-sectional area of coil
€A
C=—TF
. d
Capacitance (C)
It is the capability of an el lectric charge o
t.1}s1 .t § capability of an element to store electric charge €— permittivity of material
within it A—> cross-sectional area of plates
d— distance between plates.
Table 1 Summary of relationships for the parameters
Parameter Basic Relationship Voltage-current Relationships Energy
1 V=iR V, =iy R i, =GV, W, =[" p-dt:W, =] V, it
"R
. di . 1t 1,, 1 .
L WL \/L=L-F;;:L=ZLVLdt W, =g Li* =Sy i
1 dv, e 1

t o, i P
C g=CcVv VCZELQ’C'dt:’c—C p
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Note: R, L, and C elements are a linear, passive, bilateral
and time-invariant, at a constant temperature.

Solved Example

Example 1: In the interval 0 > ¢ > 47 ms, a 10 uF
capacitance has a voltage V' = 25 sin 2007 V. The charge,
power, and energy are:

Solution:
Chargeg=C-V
=10 x 25 sin 200z (uC)
=250 Sin 2007 (uC)
Power, P=V-1i
But, i, =C- .
dt
=10 % 25x200 cos 200f uA
i, =50 cos 200 mA
P=V-i=25sin200z- 50 cos 200t mW
=25 %25 sin 400t mW
=0.625 sin 400t W

Energy, W, = J.’lz P.dt
t

47x107 .
w.=[,"" 0.625sin400¢ dt

— 0'615 [cos 400¢]:71°

=1.5nl.

Example 2: A capacitor of 100 uF stores 10 mJ of energy.
Obtain the amount of charge stored in it. How much time
does it take to build up this charge if the charging current
is 0.2A?

(A) O0=1414mC,t=14ms

(B) 0=1.414mC, t=7.07 ms

(C) 9=2pC,t=0.1 ms

(D) 0=2mC,t=10ms

Solution: (B)

The energy stored in a capacitor is given by,
2 2
2 2 2C

0 =20 =/2x10x10° x100x10"°

=1.414 mC. We know, i :%

O=1-1
1.414x107
=%=0—2=7.07ms.

Example 3: The strength of current in 2 H inductor changes
at a rate of 3 A/s. The voltage across it and the magnitude of
energy stored in an inductor after 4 seconds are

(A) V, =6V, W =1441]

B) V, =15V, W, =12]

(C) V,=6V,W,=77]
(D) V,= 15V, W,=144]

Solution: (A)
From the given data

L=2H,di=3A/sec
dt

0
V,=L- 2L =2x3=6V.
dt

W:lL-i2
2

ﬂ =3 A/sec
dt

di=3dt
I=3tA/sec Butt=4sec
I=3x4=12A

W:%xzx(lz)2
=144,

Example 4: A current source i(f) is applied to a series RLC
circuit shown in below figures

3Q 2 mH
° ANV 121D
+
T R L
i) Cc = 500 uF
Y.
5AF--
A
o/ 3 R

The maximum voltage across the resistor is
(A) 10V (B) 15V
©) 5V (D) 20V

Solution: (B)
The drop across resistance V,(¢) = i(¢) R
VR(max) = imax ’ R V

f)=5x3=15V



Example 5: The total voltage across indicator is

(A) OV (B) -10V
(C) 10V (D) None of these
Solution: (C)
y i)
dt

(i) For0<¢<1ms
5
i(ty=——t A=5x10’t A
® 1x107°

V,=2x107°x5x10°=10V
(i1)) For I ms <¢<2 ms:
i(f) =5 A constant
V=0V
(iii)) For2<¢<4 ms:
A2 x1073,5) B (4x1073,-5)
_5—
2x10
i()=5-5x103(t-2x 103 A
=15-5x10°rA
V,=L
%=2x10’3[0—5><103]=—10V
(iv) For4 ms <7< 5 ms:
i(f) = 5 and = constants
soV, =0
(v) For 5ms <¢< 6 ms:
A(5x107%,-5)B(6x103,0)
i()=5x10tA

I(t) = i (t-2x107)+5

di,,
V. (t)y=L——
L () I
=2x10°x5x%x10°

=10V
=V, (t) shows below
V(1)
A
oV ——— 10V
2 4
0 ] 5 —»
t(m sec)
O V|-——--

Chapter | Network Elements and Basic Laws | 3.365

= IV,=10+0+(-10)+0+10
V,=10V

Example 6: A voltage V(f) =2 sin wt V is applied across
a capacitor having time varying capacitance given by C(¢f) =
(2+0.5sin7) E Find i(t) = ?

Solution: Q=C-V = ¢q(f)=C() x V()
(1) = 440
i(t)= o
i(t)= i{(2 +0.5sin7) % 2sin ot}
dt

d . . . . .
= —{4sinwt +sint xsin ot}
t

=4 cos wt X w+ sin ¢ X cos Wt X @ + sin @t X cos ¢
I(f)=sin @t X cos t + @ [4 + sin f] cos wt

Example 7: If w=2 rad/sec, the value of i(¢) at i(¢) at t = %
sec in the above problem is,

(A) 2A (B) 4A

(©) 6A (D) 8A

Solution: i(f) =[4 + sin 7] ® cos ¢ + sin ¢ - cos ¢

=[4+sin0.5} 2 X cos 1 +sin 1 X cos 0.5
=8.016+0.174 =8.033 = 8 A.

ENERGY SOURCES

Sources
Independent Dependent
Voltage Current VCVS VCCS CCVS CCCS

Independent Sources

Ideal voltage source

Terminal voltage of an ideal voltage source is independent
of the current supplied by it. Internal resistance of an ideal
voltage source is zero.

/

+
A v
A
v, C_{-) %4 Vs
v 0 'l
—._

Figure 1 Ideal voltage source and V—I characteristics
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Practical voltage source

Practical voltage source has some finite internal resistance.
Due to the presence of an internal resistance, the termi-
nal voltage of a practical voltage source reduces with the
increase in current supplied.

o/p
A
Ideal
Vs N
N
AN Practical
N /
N
N
N
N
N
N
N
N
N
>
0 I

Figure 2 Practical voltage Source and V~/ characteristics
By KVL

VS—I'F= Vo/p
Vo/p= V—-I-r

When current through any element is zero, then the poten-
tial difference is also zero.

Ideal current source

Current delivered by any ideal current source is independ-
ent of voltage across its terminals. Internal resistance of an
ideal current source is infinite.

v

Figure 3 Ideal current source and | — V characteristics

Thatis, /=1 forall V.

Practical current source

Practical current source has some finite internal resistance.
Due to the presence of an internal resistance, current deliv-
ered by the practical current source reduces with increase in
its terminal voltage.

By KCL
I, =—+1
T
I:IS—K
T

~ Practical

— current always choose minimum resistance path.

Dependent Sources

Voltage controlled voltage source (VCVS)

I, =0 I

|
.

Figure 4 VCVS

Voltage controlled current source (VCCS)

I,=0 I
+ &—e

|
|

«—
«Q
3
<

VCCS
Thatis, I,=g V,

Because, o/p current depends on the i/p voltage



Current controlled voltage source

! I
e — — 2t
V,=0 A
— KI1
V2
cecvs

ie, V,=KI,

Current controlled current source

S —»

n

odt—

cces
o L=KI,

Because o/p current depends on the i/p current so it is called
current controlled current source
Where, K = constant.

BAsic DEFINITIONS

Network Terminology

In this section some of the basic terms which are commonly
associated with a network are defined.

Network element

Network elements can be either active elements (or) passive
elements.

Active elements = which supply power or energy to the
network (outside world).
Example: Voltage source and current source.
Passive elements = which either store the energy or
dissipate energy in the form of heat
Example: R, L and C

Branch

A part of the network which connects the various points of
the network with one another is called a branch

Node

A point at which two or more clements are connected
together is called node. The junction points are also the
nodes of network.

Chapter | Network Elements and Basic Laws | 3.367

Mesh or Loop

Mesh is a set of branches forming a closed path in a network
Example:

A R, B R, c

D(

F E
Branches >4 —-B,B—E, ... etc.

Nodes = 4, B, C, ... etc.
Mesh = ABEFA, ABCDEFA, BCDEB

Types of Elements

1. Linear and Non-linear

Active and passive

Bilateral and unilateral
Distributed and lumped

Time invariant and time variant

AN

Linear and non-linear

A two terminal element is said to be linear for all time ‘#’,
if its characteristics is a straight line through the origin,
otherwise it is non-linear.

Example: A linear element must satisfy superposition and

homogeneity principles.

%

A

»

Figure 5 A bilateral, linear characteristics

Active network

A circuit which contains at least one source of energy is
called Active. An energy source may be a voltage or current.

An element is said to be active if it deliveres a net amount
of energy to the outside world is non-zero.

Example: Transistors, op-amps, batteries, ... etc.
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Passive network L+ +i, - =0=i =i +i+i,
A circuit which contains no energy source is called passive I . dg
circuit. These networks consists of passive elements only. We XDow, 1= dr

Example: R, L, C and thermistors ... etc.
P da, _da, , da;  da,

Bilateral and unilateral networks e dedt i

A circuit whose characteristics, behaviors is same irrespec- q4,=¢q,+q,+q,
tive of the direction of current through various elements it is
called bilateral network. Otherwise it is said to be unilateral. .. sum of entering charges is equal to sum of leaving

charges, KCL is based on the principle of law of conserva-

Example: Diode (Unilateral) tion of charge

Resistors (Bilateral)

Lumped and distributed networks Kirchoff’s voltage law (KVL)
The algebraic sum of all branch voltages around any closed

A network in which all the network elements are physically ' X ;
path is always zero at all instants of time.

separable is known as lumped network.

Example: simple RLC circuits.
Otherwise it is called distributed network

Example: Transmission lines.

DC network A network consist of DC sources which are
fixed polarity sources with time invariant is called a DC
network.

Apply KVL to the above circuit
AC network A network consist of AC sources which are
. S . s . V=V, =-V.+V.=0
alternating sources and periodically varying with time, is L2 s
called an AC network. or Vo=V, +V,+V,

Vi=IR +IR,+ IR,
Ve=IR +R,+R,)

Kirchhoff’s Laws

In 1847, a German physicist, Kirchhoff, formulated two
fundamental Laws as given below:

Properties
1. Kirchhoff’s Current law (KCL) 1. KCL and KVL can be applied to any lumped electric
2. Kirchhoft’s Voltage law (KVL) circuits.
2. KCL expresses conservation of charge at each and
Kirchhoff’s current law (KCL) every node. And KVL expresses conservation of flux

. . or energy in every loop of electric circuit.
In any network, the algebraic sum of currents meeting at a &y ryloop

point or node is always zero i.e., the total current leaving a

. . . . . Note: Ohm’s law is not applicable for active elements. It is
junction is equal to the total current entering that junction.

applicable only for linear, passive elements.

Example: Example 8:
A Va
iz Iy
5A(D 5Q 50 ¢
4iy
1
Assume currents entering a junction is positive and currents
leaving away from the junction is negative. (vice-versa) The values of i, and i, are respectively,
Apply KCL at node A (A) i,=-10A,i,=5A (B) i,=i,=-25A

By KCL = X Leaving currents = 0 (C) i,=25Aandi,=-25A (D) None of the above



Solution: (B)
Applying KCL at node ‘4’
S+4i=i+i
3i—i,+5=0

3 Y —Q+5=0
5 5

2

L+5=O
5

V,=-125V

=22 a5A
5

1

i,=i=-25A

2
Example 9: Consider the following circuit

2 2V

8V

V, 10V

The node voltages V', V, and E are respectively,
(A) V=14V, V,=18 VE=-2V

(B) V,=+14V,V,=2V,E=-2V

(C) V,=+14V, ¥V, =2V, E=0V

(D) V,==14V,V,=-2V,E=0V

Solution: (C)

Apply KVL in loopl
V,+8-10=0
V,=2V
Apply KVL in loop 2
24+8-E-10=0
E=0V
Apply KVL in Loop 3
V,-4-0-10=0
V=14V
V=14V, V, =2V and
E=0V
v, %fv
Rf 8V

®

h

} //ES\TV
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CircuIT ELEMENTS IN SERIES

When sending end of an element is connected to receiving
end of another element and no other element is connected
at that node then those two elements are said to be con-
nected in series. Current flowing through series connected
elements is equal.

Series Connected Resistors

v v
FANT— FANRAR

In the above network R, R,, R, are connected in series. By
apply KVL for the loop,

V=V +V,+V,
=IR + IR, + IR,
=[R+R,+R]-1
But V=1 Req.
I~R€q=I[RI+RZ+R3]

R,=R+R +R, +--~Rn|

Series Connected Inductors

L, L,, L, are the three inductances connected in series as
shown in the fiure.

+ > (BT
4 La
l i

Apply KVL to the circuit,
V:L1£+L2 ~£+ 3£
dt dt dt

di
=(L, +L,+L,)—
(1 2 3)dt

But we know,
di
V, =L -—
L eq dt

L,=L+L,+L,

e
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Series Connected Capacitors

If three circuit elements are capacitances connected in
series, assuming zero initial charges. Apply KVL for the
circuit

Cy C, Cs
+1”r— ol e L
T Vi V2 Vj
V .
1
V=V +V,+V,

1 ¢, 1 . I (.
:aj‘zdt+c—2-jz-dt+aj.zdt

Cl C2 3
V=——-[idt
eq
1 1 1 1 1
— = e —
Ceq CI C2 C3 Cn

Example 10: Two capacitors C, = 2 uF, C, = 4 uF are

connected in series. The equivalent capacitance is
(A) 6 uF (B) 8 uF

4
(C) 2 uF (D) =

Solution: (D)

2 uF

C, =4/3 uF.
CircuIlT ELEMENTS ARE CONNECTED
IN PARALLEL

Resistors in Parallel

J A
T\/ Ry SRy SHs Fim
L1
l iy I A in
Apply KCL at node A,
I=i +i,+i++i
|20 2 V
_— = — e —
R R R, R
eq m
|20 N Vv
_:_+_+...+_
R, R R R
eq m
Letm=2
R — RIRZ
“ R +R,

Voltage division

A set of series connected resistors as shown in figure is

referred as a voltage divider.

! R4 R,
—— VWA AV
+ - + vV, ~
Vv, 2

1
v

Applied voltage V'is divided into V, and V, across R and R
respectively.

Resistors R, R,, R,...R are connected in parallel as shown
in the figure update.

1= r
R +R,
V.=1-R;V,=1R,
= r RV
R +R,
V,= d RV
R +R,
Example 11:
2Q 2Q
0V 4Q 2Q
The voltage across 4Q2 resistance is
(A) 5V (B) 2.5V
(C) 715V (D) None of the above

2



Solution: (A)

2Q V,
10v(@®d 40
Ll()+5+5:0
2 4 4
2(V,—=10)+2V, =4V, =20
V,=5V.
Example 12:
C1:5LLF
5V 1Cz=10|uF
The value of V., and V' are
1
@ v =2vr, =2y
3 3
10 5
B Vv=—vV,V,==V.
e 3 3
(C) V,=25V,V,=25V
3 10
D) V,==V,V,=—V.
D) ¥, 5 2=
Solution: (B)
2 = d XCI
C +C,
=-§—X5
15
2y
3
4 oc+c,
__Eixlo
15
_10y
3

Current division

A parallel arrangement of resistors shown in figure results
in a current divider.

v Ry Ra
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Total current / is divided into /, and /, through R, and R
respectively. /, and I, are expressed as shown below.

R +R,

2

1

Note 1: When two impedances are connected in series, volt-
age division across those impedances depends on elements
in it.

Z4 2,
o— 1 1
+ - -
I Vi Vs,
v/

r— <

zeq

(i) fZ=RorZ=L

Z =7 +Z
eq
v
Vi=—XxZ,V
Z,
V
v, =Z—><Z2 \Y

eq

(i) IfZ, = C,and Z, = C,

then
_ C xC,
“C+C,
2= d xC,
C +C,
1= d xC,
C +C,

Note 2: When two impedances are connected in parallel,
current division through those impedances depends on the
elements present in it.

)

Z,

g
&

Zeg
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12[1+]2. 1 1 1
V| = [+V,|=+=+1|=10 4)
(i) fZ =R Qand Z, =R, Q or 3 35
Z-Z, Solving (3) and (4)
w = Z=Land Z, =L V., =19.85V, 7, =109V
g Z|+Zz 1 1 2 ) | ., ) L
.. S -T2
(i) If Z=C,and Z, = C, I, =10 1.985 A, I, 3 2.98 A
Ther, v, 109 V,-10
Zeq=C1+C2 15:?2:—5' =2.18A,1 = 21 =09 A

Nodal Analysis

Source Transformation

Rs I
” " I
Vs R=Tis tFs FHAL
V is the voltage and R, is the series resistance.
__V
L=
R, +R,

When transformed to a current source

4 4
] Ig=—2and I, =—=
(M R, R +R,

Example 14: For the network shown in fig. find  when

V.V, ¥, V-V, I =05A
+—=+ =0 40
R3 R4 RS
lo
- 1 1 V.
[—ljn+{i+—+—}n=—z @) 50
R3 R3 R4 RS RS
Solving (1) and (2), the currents can be estimated. e 6Q
Vs
Example 13: Write the node voltage equations and
determine the currents in each branch of the network shown
in figure
Vi, V,— 1, =
A AMAM
hov | 30 vis1Q (A) V=22V (B) V,=20V
5A 10Q 5Q 10V (C) V,=-22V (D) V=470V
Solution: (A)
Redraw the above network
Solution: vV, 40 V,
KCL atnode 1
V.-V,
_ 1 1 2
=107 3 8o 8o 36Q 3s0
. | Vs 05A
5=V |—+=-|-V,| = 3
I+l On
KCL at node 2 Given/ =05 A
- - v,
V23VI+%+V2110=0 So I,=2 = V=6x05=3V



Apply KCL at node V|
n-vs ¥ h-3_

0
8 8 4
Vi=V+V +2(V,-3)=0
4V -V,=6
Apply KCL at node
n-n.,n_,
4 3
3(V,- V) +4V,=0
V,=3V,
v =3 gy
3
Vi=4V,-6
=4xT7-6=22V

)
(6)

Examples 15: In the network shown in figure find the

current in the 10 Q resistor

10Q
(%) (PD12a
(A) I=0.53A (B) I=9A
©C) I=-1A (D) I=-053 A
Solution: (D)
Redraw the above circuit
10 Q
AANAA
3A(Y 5Q 20 12 A
Apply source transformation
50 10Q 20
15V T D )24V
I 15-24 9
17 17

=-0.53 A
Notes:

1. Simplenode: It is an Inter connection of only two

branches

2. Principle node: It is an inter connection of at least

three branches.

3. If a branch between two essential non-reference node

contain a voltage source this is called ‘super-node’
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Example 16: In the circuit given below, the voltage /(¢) is,

*@®

(A) eat _ ebt

(C) ae'—b.e"

Solution: (D)

1Q
ANV

2Q
AV

+

V() Q1H

(D ebt

(B) e+ e
(D) ae“+b-e

di,
dt

— pat bt
IL—e +e

V,=L-

d b
V() =1x—[e" +e"”
(1) dt[ ]

=a.e”+ b.e".

Example 17: Determine the current in all resistors in the
circuit shown in figure

Solution:
By KCL

Example 18:

50A 20 31Q 350
I=1+1+1,
]=_+K+K

1 5
50=V l+1+l
2 1 5
V=£=29.41V
1.7
=2 14705
2
=28 9414
=24 _sgga
5

A
10035200 S30Q S400Q

B

Determine the parallel resistance between points 4 and B of
the circuit shown in figure.
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(A) 8Q
(C) 48 Q

Solution: (C)

1 1 1 1 1
— =t —t—+—

(B) 6Q
D) 3Q

R, R R R, R,
1111
=—t—f—+—
10 20 30 40
=0.1 +0.05 +0.033 +0.025
L0208
RT
R,=48Q

Example 19: Determine the current through each resistor
in the circuit shown in figure

I, I, I

12A 20

Solution:
412
4(12+4

I, =12x

4x2

4+2
=12x—T=—
4><2+4

4+2
" 1.3333
1.3333+4

I,=3A

[[=12-3-3

I,=6A
Example 20: Determine the total amount of power dis-
sipated in the circuit shown in figure

5Q 2Q

. 10
50 V

2Q

(A) 100 W
Solution: (B)
Total resistance, R=5+2+1+2=10Q

2
Power = —
R

(B) 250 W (C) 150 W (D) 200 W

_ (50)°
10
=250 W

Mesh Analysis

AN AN MWW
i R1 RS RS
| Il ]
T s fj A ™
I IR I3 T

Consider the network shown in figure. V| and V, are the

voltage sources. The loop currents are /, I, and 7, in their
direction as shown in figure

KVL in loop I
-IR LR +V =0
V=1 (R, +R)-LR, (7)

KVL in loop II,
-IR,—LR,+ LR, — LR +IR,=0

-IR,+L(R,+R,+R)—LR,=0 (8)
KVL in loop I,

-IR.-V,-LR,+LR,=0

-ILR,+L(R+R)=-V, 9)

from (7), (8) and (9)

R +R, -R, 0
-R, R, +R,+R, -R,
0 -R, R, +R,
I 4
I,|=|0
L] N
Vl _Rz 0
0 R +R +R, R,
s -7, -R, R, + R,
b IR
Where,
R +R, -R, 0
[R]=| -R, R, +R,+R, -R,
0 -R, R, + R,
R+R, T 0
-R, 0 R,
; 0 -V, R,+R,
o IR
R +R, -R, 4
-R, R +R+R, 0
I 0 _R4 _Vz
T IR



Example 21: Determine the mesh currents /, 7, and 7, is
the circuit shown in figure

10 Q

+
=10V

+
=5V

Solution:
KVL in loop I

50=(10+5+3)1 +5I, -3, (10)
KVL in loop II

10=20+5(, + 1)+ 1(,+ 1)

10=51+81+1, (11)
KVL in loop III

1, +i)+5+3(,-i)=0

=3i, +i,+4i,=-5 (12)

By Cramer’s rule

50 5 -3

10 8 1

5 1 4
I =

18 5 -3

5 8

31 4

[=33A

18 50 -3

5 10 1

3 -5 4
I, =

18 5 -3

5 8

31 4

1,=-0.997 A

18 5 50

5 8 10

3 1 -5
I =

18 5 -3

5 8 1

31 4

L=147A
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Example 22:
2Q
AN
4Q
a _@ Aaw— 2
wov Ve
10A T
2Q 4y, 219

Write nodal equations for the circuit shown in figure and
find the power supplied by the 10 V source.

Solution:
KCL at node ‘a’:

Vo V=V Vot10-V,

10+ =+ 0
2 2 4
125V =075V, =-12.5 (13)
KCL at node ‘b’:
v,-10-V V, -V V,
b a + b a _4V3 +_b=0
4 2 1
—4.75 V+575V, = 42.b (14)
V3=Va+10—Vb (15)

Solving (13) and (14) and (15)
V=-11.03V,V,=-1.724V
The current deliverred by 10 V source is

V=V, +10

4

The power supplied by the 10 V source is
V.-V, +10

4

110 -

&:am%:w[ﬂ

=1.735W
Star—Delta transformation

°C

If delta is given, corresponding star elements are:
RR,

TR 4R, +R,

A
_ R1R3
R +R, +R,

B

R,R

273

" R+R +R,

C
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If star elements are given, corresponding delta network ele- Example 24: Twelve 3H inductors are used as edges to
ments are: form a cube, determine the equivalent inductance seen b/w

h i 11 i f'th .
R,R, +R,R. +R.R, the two diagonally opposite corners of the cube

R R, Solution:
We know that,
R - RR,+R,R.+R.R,
=
R, 7 =21 =2x3=25H
“ 6 6

o _ RiR +R,R 4R R,
=
R

Example 25: Consider the circuit shown in figure below

4 and determine R,

Example 23: A star connected network which is equivalent

1 5Q 2
to the delta network is shown in the below figure. The R , R, a
and R . (in ohms) are respectively,
5Q
b
2 5Q 1
5
(A) 25Q (B) 3 Q
(C) 71.5Q (D) None of the above

(A) 999,33 Q,16.5Q
(B) 119Q,165Q,33Q
€) 119,33Q,165Q
D) 192,309,150

Solution: (B)
Redraw the above circuit

1 5Q 2
Solution: (C) a
3R,=RR,+RR,+RR,
=6X3+3%x9+9x%x6
=99 5Q
R, = 2 2o b AMAM
R, 2 5Q 1
R, = R 330
R 5Q
— A
R- :§=%=16.SQ.
R, 6 a AN b
1 5Q 2
Note: Twelve Z Q impedances are used as edges to form
a cube. The equivalent impedance seen between the two AAM
diagonally opposite corners of the cube is 5Q
5
(i) IfZ=R Q, then zengRQ R,=(G5|5]5) €«
5 _25x5 5 0
(ii) IfZ=L, then z, ==L H 75 3
(iii) If Z= Cthen z, = EC F Example 26: Consider the circuit shown in figure
eq

determine R ,
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(A) R,=0Q (B) R,=RQ 2
(C) R,=2RQ ® R,-%a 2
2 Here VX=VA

So/=0.

Solution: (B)
Redraw the given circuit Example 27: The circuit shown in figure will act as a load
resistor of

l1 6 Q
— W W—
v %4 @ i 214
Convert A —y
W Lo ® Lo
B 5 5
R ©) El Q (D) None of the above
3 16
Solution: (B)
From given circuit
V=21
] L= K + R
4R § 4R § 4 6
5 3 121, =3V +2V -2V -4,
16,=5V
V_r=llq
I, 5
Equivalent Circuits wrt Passive R, L, Cs
R 2R Two elements are said to be in series only when currents
A 3 3 through the elements are same and two elements are said to be
= in parallel only when voltages across the elements are same
Series circuits
B
Z L1 %2 -
R, =RQ y
for all values of ‘R’ 2 +
2nd Method: v |:znj Va
From the given circuit -
Since R, X R, = R,R,

Bridge is in Balanced condition
RXR=RXR
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[}
\ 4

Parallel circuits

+ + g /1 I2
40 v Z(£| +
- 0
Letn =2 ~
=72=7,=RQ |
=Z=7,=joLQ Zeq
1 =
= Z=Z.=——Q 111
joc - = —
Zeq Zl Z2
z =14 +7Z
eq 1 2
If Z equal to 7 - A%
I. R:R, =R +R, B2
I LL, =L +L, IfZ=R
1 1 1
3.C: —=—+— R = RR,
Ceq Cl CZ “ Rl + R2
Voltage division If R \=R,=R Q
V= qu 1 Req _ § Q
-
e 1 1 1
! IfZ=jolL:—=—+—
=V, =1Z, (by ohm’ law) L, L L
= = r Z L = L-L
Zl +22 eq Ll +L2
=V,=51 IfZ=2:C,=C,+C,
7
= = Z, Current division
Z +7Z, Ver o]
eq
1. Z=R . _ 2,2, %]
V-R Z +Z
V= | 1 2
R +R, v
I =—
Zl
v, =
R +R, Examples:
. . 1 1
2. Z:ja)L:I/leL1 ;VZ—VL2 Z=——Z,=——
L+L, L+L, Jjocl joc2
. 1 - I-CI_IZZI-C2
T joc C +C, C +C,
- V-C, Notes:
=
1 +G 1. Resistance connected in series with an ideal current
V. source (internal resistance of an ideal current source)
V,= ! does not have any effect on current supplied by it. So it
C +C,

can be neglected.
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- ——e-———- By KVL
i i =V, +V,~V=0
R | |
§ ' ! V=V +V,
/ CD = ’CD q 5. Equivalent of two parallel connected current sources
R, L is equal to sum of those two with their relevant
! . polarity.
| |
. | .
R#oo
That is, the load current is independent of R value ) CD
PR #0 "

2. Resistance connected in parallel with an ideal voltage
source does not have any effect on voltage offered by
it. So it can be neglected.

.'.l=l1'|'l2

Example 28:

VCD §R “17 | r

Here R #0
So, a resistor in parallel with an ideal voltage source
can be neglected in the analysis.

That is, the load voltage is independent of R value

V_2 20 The current / is
R (A) 1A
3. Equivalent of series connected current sources is asin-  (B) -1 A
gle current source and are of same magnitude. (C) 2A
————- -] (D) Indeterminate

Solution: (D)

Two voltage sources are in parallel and different this is
/g);L violates KVL and KCL, so indeterminate.

izCD Examples 29:

B PP +

. . . 3A(®)

4. Equivalent of two series connected voltage sources is
sum of those two depends on their polarity.

______ 3Q Yo
o A
¥ t |
v, B : /
! v
! —
+ 4 = CJ:) V=V, +V, /%?
V2<,> AL L Determine voltage V,
! V=1Ix3
' i -3-1)3
. : - T =6V
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EXERCISES

Practice Problems |

Directions for questions 1 to 21: Select the correct alterna-
tive from the given choices.

1. The current in the 2 Q resistor ‘I’ is

1Q 1Q
AN AN
+ /
10v<} %2919% <>T1A
1 3
A) —A B) —A
(A ®) -
21 23
C) —A D) —A
© 3 (D) 2
2. The voltage e, in the figure is
28
16\4_ +
8A 10Q 1203 e,
6 Q -
(A) 48V (B) 24V
(©) 36V (D) 28V

3. The driving point impedance of the infinite ladder net-
work shown in the figure is

GivenR =3 Q,R, =2Q

R R R
Ao AMAM AT A M 77J\W\,\_‘
Ry iRy Fo %
Bo -
3 2
A) 2Q B) Z Q
2 3
2
(©) {3+§} Q (D) V21

4. The current wave formed in a pure resistor of 5 Q is
shown in the fig. The power dissipated in the resistor is

IA
A
I
0 2 4 GA'tsec
(A) 20W (B) 45W
(C) 60W (D) 90 W

5. Figure shows the waveform of the current passing
through an inductor of resistance 1 Q and inductance
2H. The energy absorbed by the inductor in the first
four seconds is

Y| —

' 2s 4s tin;sec
(A) 13217 (B) 9817
(C) 1447 (D) 1681

. In the circuit of the given figure the source current ‘7’ is

(A) 2A
8
©) 1A (D) 3 A
. In the circuit shown in The figure the current / is
3Q  + -
Vx
K il 20
25V 1A 1Q
25 25
A) —A B) —A
(A) ; (B) .
©) 2A (D) 3A

. In the circuit shown in figure below

2Q 2Q
’ ‘
2Q [Xe)
2e ‘*
B
6Q

R, =?

21 5
A 7 Q (B) A Q
(©) 10Q (D) 8Q

. What should be the value of current ‘I’ to have zero

current flowing through 4B.

10 A1 1V

(A) 2A (B) 4A
(C) —4A (D) 2A



10. The two electrical sub networks N, and N, are con-
nected through three resistors as shown in the figure.
The voltage across the 2 Q resistor is 8 V and the 3 Q

resistor is 6 V. The voltage across the 4 Q resistor is

+ 8V -
2Q
ANV
N, 49 N,
4/\/\/\/‘3 o)
+ 6V -
(A) 24V (B) 24V
(C) 8V (D) -8V
11. In the circuit shown in figure the voltages V|, V', and V,
are
%6 Q %6 Q 6Q
3Q 1Q 1Q
AV
< V>l V, e Vg,
< 12V >
8 16 4 _6 § 8
16 8 16 8
c) —,-.4 D) 4, —. -
© 53 (D) %73
12. In the network shown in the figure the current in resis-
tor R is
3A
A B
2 Q i5 A
30 10V
]
AN
c D
(A) 2A (B) 3A
(C) 4A (D) 9A
13. In the circuit shown the voltage 4B is
50 V 50Q
A 40 ,v le B
wNpQ
AN
2Q
(A) 35V (B)28.2V
(C) 383V (D) 42.6V

14. A network contains linear resistors which are con-
nected in series across an ideal voltage source. If all the
resistances are halved and the voltage is doubled then
the voltage across each resistor becomes

Chapter | Network Elements and Basic Laws | 3.381
(A) Doubled (B) halved
(C) not changed (D) none

15. Obtain the equivalent capacitance of the network

given
a
1 uFJ: l1 “F_l_ l1 uF
1 uF
1uF :|:
- - 1uF
1uF -|'1 uFT MFT u
b
(A) 1pF (B) 0.8 uF
(C) 1.9uF (D) 2.6 uF
16. The current i, in the circuit of the figure equal to
iy=5A  i;=3A
iy~ 4A
(A) 12A (B) -12A
(C) 4A (D) None of these

17.

_12
540°A(? ,4%39 ?10460"

For the circuit shown in the figure, the instantaneous
current i (¢) is

1073

(A) T490°A

® 195, e
2
(C) 5£60° A (D) 5£-60° A
18. A Delta - connected network with its Wye - equivalent

is shown in the given figure. The resistance R, R, and
R, (in Ohm) are respectively

(A) 1.5,3and 9
(C) 9,3and 1.5

(B) 3,9and 1.5
(D) 3,1.5and 9
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19.

20.

The voltage e in the figure

20
AMNWA
16V J;
8A 10 Q 12Q 0
60Q -
(A) 48V (B) 24V (C) 36V (D) 28V
5Q x
AN
20
%29 §BQ iT gsg §39
-0V
y

21.

The current / supplied by the source 50 V is
(A) 25A (B) 13.7A
(C) 9.8A (D) 3.66 A

The voltages V., V., and V_, across the capacitors
in the circuit in the given figure, understeady state are
respectively

2F 2H 25 kQ

o +

c2 vV
40 kQ _CST SF

(A) 80V,32V,48V
(C) 20V,8V, 12V

(B) 80V, 48V, 32V
(D) 20V, 12V, 8V

Practice Problems 2

Directions for questions 1 to 19: Select the correct alterna-
tive from the given choices.

1.

4.

A network contains linear resistors which are con-
nected in series across an ideal voltage source. If all the
resistances are halved and the voltage is doubled then
the voltage across each resistor becomes

(A) doubled (B) halved

(C) not changed (D) none

Twelve similar conductors of 1 Q resistance form a
cubical frame work. Then the resistance between two
adjacent corners, two opposite corners of one face and
two opposite corners of the cube are

NN
AW

7 B 13
] ( :6:

<[5

4
33a

w |

D)

. In the network shown in the figure

2Q
MW

5A

10A 1Q 4Q 4Q

The voltage at node 2 is
(A) 2V (B) 10V C) 6V (D) 4V
In the network shown in the figure the voltage AF is
3Q
0V

2Q

20V oo BA

5Q
F 1Q

(A) 4V (B) 4V
©) 6V D)2V
. For the circuit shown in the figure the current ‘I’ is
given by
4Q 2Q
6A 1Q 3Q )3V
(A) 2A B) 3A
) 1A (D) zero

. The current ‘I’ supplied by the source in the figure is

7

(B) 3A

/
6V

(A) 2A

3 2
©) A (D) A

. A resistance of 10 Q is connected in series with two

resistances of 20 Q arranged in parallel what resistance
should be shunted across this parallel combination so
that the total current taken shall be 2 A with 30 V applied
(A) 5Q (B) 10Q
(©) 20Q D) 25Q

. The resistance of a strip of conductor is R Q. If the strip

is elongated such that its length is doubled the resist-
ance of the strip is given by
(A) 4R

R
© 7

(B) 2R

(D) R



10.

11.

12.

13.

14.

Chapter |

The current i(¢) through a 10 Q resistor in series with
an inductance, is given by i(f) = 3 + 4 sin(100z + 45°) +
4 sin(300¢ + 60°) Amperes

The RMS (root mean square) value of the current
and the power dissipated in the circuit are

(A) Ja1 A, 410 W, respectively

(B) J35 A, 350 W, respectively

(C) 5A, 250 W, respectively

(D) 11 A, 1210 W, respectively

The nodal method of circuit analysis is based on
(A) KVL and Ohm’s law

(B) KCL and Ohm’s law

(C) KCL and KVL

(D) KCL, KVL and Ohm’s law

In the given circuit, the voltage v() is

1Q 1Q
+
eat V(t) obt
- 17.
(A) et — ebr (B) e+ ebt
(C) ae* — be (D) ae* + be
The rms value of the voltage defined by

v(t):5+55in(314t+%] is
A) 5V (B) 2.5V
(€) 6.12V (D) 10V

If R =R,=R,=Rand R, = 1.1 R in the bridge circuit
shown in the figure, then the reading in the ideal volt-
meter connected between a and b is

10 v+<

19.
(A) 0238V (B) 0.138V
(C) —0.238V D) 1V
8Q
ANV
M
5A 12Q 30 Q 25A

The current / in the above circuit is
(A) 20A (B) 20 A
(C) 16.2A (D) -16.12 A

15.

16.

18.

Network Elements and Basic Laws | 3.383

a
a
15 9 b Rbc C
b c

The value of R ,, R, and R, are

(A) 30Q,15Q,5Q (B) 5Q,30Q,15Q
(©) 59,30Q,15Q (D) 159Q,59,30Q

o——WWW AVVW
4 2Q 20 +
Vi 20 20 2Q V=1V

O

If V, =1V in the network shown, the value of ¥, will be
(A) 25V (B) 4V

©) 5V (D) 8V

If each branch of a Delta circuit has impedance 3z ,
then each branch of the equivalent Wye circuit has
impedance

z
A) = B) 3Z
()\/5 B)
z
©) 3.3z D) 3

In the given circuit, the value of the voltage source £ is

Vv, oV

& \%
2V NV

E="
_$§v
/\4V /\
v, 10V

(A) =16V  (B) 4V (C) -6V D) 16V
What is the current through resistor 2 Q in the circuit
given?

0.2 uF 50
— W —
3Q
A
I
L
15V
(A) 0.6V (B) 1.8
(©) 09V (D) 0V
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PRrEvious YEARS’ QUESTIONS

1. In the circuit shown in the figure, the value of the cur- (A) O0mA (B) 1 mA
rent 7 will be given by [2008] (C©) 2mA (D) 6 mA
m 8ot V., s b ’\i/s\f 5. Assuming that .the diodes in the given circuit are ideal,
the voltage V is [2010]
4\ 10 kQ
5v(® 1g§ § 19/\ e >
! 1 1oka
10V T 15V
VO
10 kQ —‘7
(A) 0.31A (B) 1.25A
C) L75A (D) 25A =
(A) 4V (B) 5V
Common Data for Questions 2 and 3: The current i(7) € 75V (D) 12.12V

sketched in the figure flows through an initially uncharged

. 6. Ifthe 12 Q resistor draws a current of 1 A as shown in
0.3 nF capacitor.

the figure, the value of resistance R is [2010]
HOmA ZA#) 1A l?zg Jrav
A) 4Q (B) 6Q
C) 8Q (D) 18Q
7. The -V characteristics of the diode in the circuit
given below are [2012]

1] AV >07V
I={| 500

2. The charge stored in the capacitor at 7 = 5 us, will be Vil <y

[2008] The current in the circuit is

(A) 8nC (B) 10 nC o

(C) 13nC (D) 16 nC

I
3. The capacitor charged upto 5 us, as per the current o N
L

profile given in the figure, is connected across an T 1oV v
inductor of 0.6 mH. Then the value of voltage across -
the capacitor after 1us will approximately be [2008]

(A) 188V (B) 23.5V (A) 10 mA (B) 9.3 mA
(C) —23.5V (D) =30.6V (C) 6.67 mA (D) 6.2 mA
8. IfV,— ¥, =6V, then V.~V is [2012]

4. The current through the 2 kQ resistance in the circuit

shown is [2009] R Va
1 kQ c 1kQ
ANV R R
R
4 2kQ B I
|
AAM =
1kQ D 1kQ 5V ¢

sy (A) -5V




9.

10.

11.

12.

Consider a delta connection of resistors and its equiv-
alent star connection as shown below. If all elements
of the delta connection are scaled by a factor &, k> 0,
the elements of the corresponding star equivalent will
be scaled by a factor of [2013]

G WV ©
Ra
Ry R,
G 9)
(A) B (B) k
©) Uk D) Vk

Three capacitors C,, C, and C,, whose values are
10 puE 5 uF, and 2 uF respectively, have breakdown
voltages of 10 V, 5V, and 2 V respectively. For the
interconnection shown, the maximum safe voltage
in Volts that can be applied across the combination
and the corresponding total charge in uC stored in
the effective capacitance across the terminals are
respectively, [2013]

(A) 2.8 and 36
(C) 2.8 and 32

(B) 7and 119
(D) 7 and 80

A voltage 1000 sin wr V is applied across YZ.
Assuming ideal diodes, the voltage measured across

WX in volts is [2013]
N 1
L~ J
1 kQ%
—OW v XO—
V4
1 @ M~
J 1
L1kQ
A

(A) sin ot

(B) (sin wrt + |sin wt|)/2

(C) (sin wr — |sin wt|)/2

(D) 0 forall ¢

The voltages developed across the 3 QO and 2 Q resis-
tors shown in the figure are 6 V and 2 V respectively,
with the polarity as marked. What is the power (in
Watt) delivered by the 5 V voltage source?  [2015]

13.

14.

15.

16.

17.

Chapter |

Network Elements and Basic Laws | 3.385

(A) 5
(©) 10

(B) 7
(D) 14

In the given circuit, the parameter k is positive, and
the power dissipated in the 2 Q resistor is 12.5 W. The
value of k is [2015]

20 50
AMAM AMAM
+ V, -
@ 100
4V KV, 5A

R, and R, are the input resistances of circuits as
shown below. The circuits extend infinitely in the
direction shown. Which one of the following state-

ments is TRUE? [2016]
2Q 2Q 20
Ra  VVVLVVVLVVVT
—_— 1Q Q 10 --->
(A) R =R, (B) R,=R, =0
(C) R,<R, (D) R,=R,/(1+R))

In the portion of a circuit shown, if the heat generated
in 5 Q resistance is 10 calories per second, then heat
generated by the 4 Q resistance, in calories per sec-
ond, is [2016]

4Q 6Q

—AMAAN—
——AMW—

5Q

In the given circuit, the current supplied by the bat-
tery, in ampere, is [2016]

In the circuit shown below, the node voltage VA
is V. [2016]
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18.

ady 5O
50

50 S 5A 50
101,
N 10

In the circuit shown below, the voltage and current
sources are ideal. The voltage (V, ) across the current

19.

20.

(A) 0
(©) 10

B)5
(D) 20

The graph associated with an electrical network has
7 branches and 5 nodes. The number of independent
KCL equations and the number of independent KVL

equations, respectively, are [2016]
(A) 2and5 (B) Sand2
(C) 3and4 (D) 4and3

The driving point input impedance seen from
the source ¥V, of the circuit shown below, in Q

source, in volts, is . [2016] is [2016]
v, _ 20
20 _i- ! _1:‘\{}{\(
Vs 30 <>'“"1 40
100V 5A<> Vout
ANSWER KEYs
EXERCISES
Practice Problems |
1. C 2. D 3.D 4. C 5. C 6. B 7. C 8. A 9. B 10. B
11. C 12. D 13. C 14. A 15. C 16. B 17. A 18. D 19. D 20. B
21. B
Practice Problems 2
1. A 2. C 3.B 4. A 5. B 6. A 7. B 8. A 9. C 10. B
11. D 12. C 13. C 14. C 15. C 16. D 17. A 18. A 19. D
Previous Years’ Questions
1. B 2. C 3.D 4. A 5. B 6. B 7. D 8. A 9. B 10. C
11. D 12. A 13. 0.5 14. D 15. 2 16. 0.5 17. 11.428 18. D 19. D 20. 20
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