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BAsic CONCEPTS

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

BAsic QUANTITIES

1. Electron: Electron is a mobile charge carrier. The e~

is measured in Coulombs (C).
- =1.6x10"°C.
(a) Multiples of electrons constitute charge (g).
(b) The movement of charge (g) over time causes
current.

2. Current: There are free electrons available in all

semi-conductive and conductive materials, and these
free e~ s move at random in all directions within
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.

@@@—~@@
@@@Ja@@

sea D

-1 %% +1

3. Voltage: According to the structure of an atom, we

know that there are two types of charges: positive and
negative. 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 potential energy because of the
separation between them. The difference in potential
energy of the charges is called the potential difference.
Potential difference in electrical terminology is known
as voltage and is denoted by ¥, and it is expressed in
terms of energy (W) per unit charges (Q).

“V=—orv=—-

0 do

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:

= 420

The electric current is measured in Ampere (A)

= 1C/1s

4. Power and Energy: Energy is the capacity for doing

work, that is, energy is nothing but stored work.
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Energy can be expressed as
t t,
W) = | p()de = [ v(e)i(e).dt
t t
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
Time ¢  dr
po AW _dW dg
dt dq dt
L P=VIW.
One Watt is the amount of power generated when one
Joule of energy is consumed in one second.
5. Positive sign convention: Current flows from the
positive to the negative terminals.

i(t)

Power (P) =

+

V(D §H

—e
Power is absorbed by element if the sign of power is posi-
tive. Therefore, current enters from the positive terminal
and leaving from negative terminal of the element. Power
is supplied (delivered) by element or source if the sign of
power is negative, that is, current enters from the positive
terminal of the element.

CLASSIFICATION OF NETWORK
ELEMENTS

The network elements can be classified as follows:

Network elements

Active elements Passive elements

L]

R L c

Voltage Current

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

1. Resistance: Electrical resistance is the property of
material. It opposes the flow of electrons through the
material. Thus, resistance restricts the flow of current
through the material.

=R
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The unit of resistance (R) is ‘ohm’ (Q2).
According to Ohm’s law,

J=0F

J= iand electric field £ :K
A !

I vV ¢ I
—=0X—=V=—X—

l o A4
y=Plr

A
. V'=RI = Ohm’s law in circuit theory
r=Po
A

where p is the resistivity (Q2-m); ¢ is the length of

conductor (m); and 4 is the cross-sectional area (m?).
When current flows through any conductor, heat

is generated due to collision of free e~ s with atoms.
The power absorbed by the resistor is given by

VZ
P=VI=PR=—W
R
p-
dt
dW = Pdt

t t 2
W= J.P.dt - j v1de=""" Joules.
0 0 R

2. Inductance (L): A wire of finite length when twisted

into a coil, it becomes an inductor.
i L
. 7000 *
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When a time varying current is flowing through the
coil, magnetic flux will be produced.

Total flux y(r) = N¢
v (1) =No(r) wb
dy (1)

dt



y(e) =Li
d
V=—{Li
AL
v, =L.M Volts

t
inijm@.

power P = Vi.
W= [P
W= [Lidi

1
W= ELi2 Joules.

.. The energy stored in the inductor at any instant will
depend on the current flowing through the inductor at
that instant.

[ = HoN?A4
4
where 1 is the length of the inductor; N is the number
of turns; and 4 is the cross-sectional area of coil.
3. Capacitance: It is the capability of an element to
store electric charge within it.

{
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,_da
dt
qoV=qg=CV
— 49
C= v Farads
i=ZLey
dt

=i =C%Amp

1
V.=

= Ejic dt Volts

=P=Vi

W%=IH#=12CV2bM%

For Parallel-plate Capacitance
c

C =% Farad
d

+ o+ + +

where ¢ is the permittivity of material; 4 is the cross-sec-
tional area of plates; and d is the distance between the plates.

Table 1.1: Summary of relationships for the parameters

Parameter Basic relationship  Voltage-current relationships Energy
R V=iR Ve =irR,ir =GV, t T
oo 1 RoRTR R Wa= [ p-ot;Wg = [ Vaipdt
=75 el -
di 17 W, = 12102 = yi
L w=Li VL:LE;/L:Z:LVLdt L=V2LE =yl
© g=CVv t W.=12CV2=1/2q.V
vo=1 i -dt; iC=C.dVC c 9
cJ at
Solution
R, L, and C elements are a linear, passive, bilateral, and Charge qg=CV _
time-invariant at a constant temperature. =10 x 25 sin 2007 (uC)
=250 sin 200z (uC)
Power P = Vi
Solved Examples
L
However, i = C.
Example 1 dt
In the interval 0 > ¢ > 47 ms, a 10 UF capacitance has a =10 x 25 x 200 cos 200 7 pA

voltage V=25 sin 200¢ V. The charge, power, and energy are

i,= 50 cos 200 mA
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. P=Vi=25sin 2007 .50 cos 200 t mW
=25 %25 sin 400 t mW
=0.625sin 400 t W

2
Energy W, = JP-dt
1

47x1073
W.= [ 0.625 sin400 ¢ dr
0

0625

= [cos 400t]47mo?3
400

0

=1.5n]

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 0.2 A?

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

(B) 0=1414mC, t=7.07 ms

(C) O=2uC,t=0.1 ms

(D) 0=2mC, =10 ms

Solution
The energy stored in a capacitor is given by
cr: 1 0? crr o1 0?
=70 c Tem 70 2C

5 0=2CW =42x10%1073 x100x 10~

=1.414 mC; we know i = %

Q=1
-3
_g: 1.414x10 — 707 ms
1 0.2
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 Inductor after 4 secs are

(A V=6V, W =144] (B) V =15V, W =12]

(C) V=6V, W, =771 (D) V=15V, W =144]
Solution

From the given data,

di

L=2H, —L =3 A/s
dt
V=L % _ax3=6v
dt
W=1L~i2
2
é=3A/s
dt

di=3dt

I1=3tA/s; however,t=4s
I=3x4=12A

1
W= EX 2x(12)2
= 144 Joules

Example 4

A current source i(?) is applied to a series RLC circuit shown
in the following figures.

3Q 2mH
. AN OO
P L
i(lt) C—=500pF
it)
5A'—/—Iv :
L 1 \s 4
T2\

t(ms)
SAl !

The maximum voltage across resistor is

(A) 10V (B) 15V (C) 5V (D) 20V

Solution
The drop across resistance Vy(f) = i(f) R

% .

R(max) = lm

MH)=5x3=15V

.Y

i9

5A -

t(ms)

w
SN

\“"

-5A

Example 5

The total voltage across indicator is

(A) OV (B) -10V
©) 10V (D) None of these
Solution
V=L di(t)
dt
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1. For 0<7<1 ms:

0= X107
¥, =2x10°x5x10° =10V

i(t)= % {(2+0.5 sin £) X 2 sin wt}

t Amp =5%10°¢ amp J
= Z {4 sin ot + sin ¢ sin @t}
t

=4cos Wt + sin ¢ cos @f. @+ sin @t cos ¢
2. For 1 ms <¢r<2 ms:

i(f) =5 A constant

L VL=0V Example 7
3. For2<t<4 ms:

I(f)=sin ¢ cos t + @ [4 + sin #] cos wt

|
If @ = 2 rad/s, the value of i(¢) at t = 5 s in the above

A2 %1075 B(4x107,-5) mentioned problem is
-5-5 (A) 2A (B) 4A
I(n) = 1—2%x107) +5
0= 210 ) (© 64 (D) 8 A
i(=5-5x103(t-2%x1073)A Solution
—15_ 3
=15-5x10"zA i(f)=[4 + sin ] o cos @t + sin @f cos ¢
di(t
v, =L i) _ 2x1073[0-5x10%]=-10 Volts =[4+sin 0.5} 2 X cos 1 +sin 1 x cos 0.5
4. For 4 ms <t<5 ms: =8.016+0.174=8.033 = 8 A
i(f)=5and = tant
45 =5 and = constants ENERGY SOURCES
soV =0
5. ForSms <7< 6 ms: sources
A(5%x1073,-5)B(6x1073,0)
i (=5%x10°tA
di; (t
VL(I) =L % Independent Dependent
=2x1072x5x%x10°
N
. V1 (¢) is shown in the following figure. Voltage Current  VCVS VCCS CCVS CCCS
WL(t)
Independent Sources
iov |
+1ov Ideal Voltage Source
Terminal voltage of an ideal voltage source is independent
0 2 4 of the current supplied by it. Internal resistance of an ideal
1 5 6 — voltage source is zero.
fms) |
________ +
-10v v
=SV, =10+0+(~10)+0+10 vi(2) v Ve
V=10V
- 0 [
Example 6
A voltage V(f) = 2sinax V is applied across a capacitor Figure 1 Ideal voltage source and V~/ characteristics.

having time varying capacitance given by c(f) =

(2+0.5 sin 1) F. Find i(7). Practical Voltage Source

Practical voltage source has some finite internal resistance.

Due to the presence of an internal resistance, the terminal
0=CV=q(n)=C0) M1 voltage of a practical voltage source reduces with increase
dq(t) in current supplied.

dt

Solution

(1) =
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Vo/p
W\/ Ideal
+
E
/
Vs K .
S Practical
v () Voo /
_ 0 =

Figure 2 Practical voltage source and V-I characteristics.

By KVL
Vi—Ir=V,,
v, o= V.—Ir
When current through any element is zero, then the poten-
tial difference is 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.

Is -

0 v

Figure 3 Ideal current source and /-V characteristics, i.e., | = I
, 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.

v RN Practical

— Current always choose minimum resistance path.

Dependent Sources
Voltage-controlled Voltage Source (VCVS)

=0 >

a
|

Figure 4 VCVS.

Voltage-controlled Current Source (VCCS)

I
. h=0 Pl
T—. —.F
2 l gnVi Vo
VCCS

ie,L=g.V,
.. Output current depends on the input voltage.

Current-controlled Voltage Source

I I2
to—> ———e

Vi=0 A

Kl
Vs

CCVSs
ie. V,=KI,

Current-controlled Current Source

i II Ig

Vi =0
l Kl V2

CCCS
w L,=KI,
*. output current depends on the input current, so it is
called current-controlled current source, where K is the
constant.



BAsic DEFINITIONS
Network Terminology

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

Network Element

Network elements can be either active elements or pas-
sive elements. Active elements supply power or energy to
the network (outside world). For example, voltage source
and current source. Passive elements either store the energy
or dissipate energy in the form of heat. For example, R, L,
and C.

Branch

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

Node

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

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

Vo

Branches = 4 — B, B—E, etc.
Nodes = A4, 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

kv

Linear and Non-linear

A two-terminal element is said to be linear for all time ‘7, if
its characteristics is a straight line through the origin, other-
wise it is non-linear.

For example, a linear element must satisfy superposition
and homogeneity principles.
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v
R= A4 = slope

1Y)
-1 o I

source

-V

Figure 5 A bilateral, linear characteristics.

Active Network

A circuit that 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 delivers a net amount of
energy to the outside world is non-zero.

For example, transistors, op-amps, batteries, etc.

Passive Network

A circuit that contains no energy source is called passive
circuit. These networks consist of passive elements only.
For example, R, L, C and thermistors, etc.

Bilateral and Unilateral Networks

A circuit whose characteristics and behaviours are same
irrespective of the direction of current through various ele-
ments is called bilateral network. Otherwise, it is said to be
unilateral. Example for unilateral and Diode bilateral are
diode and resistors, respectively.

Lumped and Distributed Networks

A network in which all the network elements are physically
separable is known as lumped network. Otherwise, it is
called distributed network. Examples for lumped and dis-
tributed networks are simple RLC circuits and transmission
lines, respectively.

DC Network and AC Network

A network consists of DC sources that are fixed polarity
sources varying with time is called a DC network. A net-
work consist of AC sources that are alternating sources peri-
odically varying with time is called an AC network.

Kirchhoff’s Laws
In 1847, a German physicist, Kirchhoff, formulated two
fundamental laws:

1. Kirchhoff’s current law (KCL)
2. Kirchhoff’s Voltage law (KVL)

Kirchhoff’s Current Law (KCL)

In any network, the algebraic sum of currents meeting at a
point or node is always zero. Therefore, the total current leav-
ing a junction is equal to the total current entering that junction.
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Example: Example 8

w® e Eadu

For example, let us assume currents entering a junction is

positive and currents leaving away from the junction is neg- =
ative (vice versa). The values of i; and i, are, respectively,
By applying KCL at node 4 (A) i =—10A,i,=5A (B) i,=i,=—25A

By KCL = X Leaving currents = 0 . .
(C) iy=25Aandi,=-25A (D) None of these

ll+12+l4—l3=0:>l3=11+12+l4

Solution
We know i = dq Applying KCL at node ‘4’
dt C
p do d J S+4i =i +i,
s _ %4, 49 | 3s 3i,—i,+5=0
dt dt dt dt
Va| Va «_
GB=q+h+d 3[?]_?”‘0
Therefore, sum of entering charges is equal to sum of leav- 2y, +5=0
ing charges. KCL is based on the principle of law of conser-
vation of charge. Vy=-12.5V.
Kirchhoff’s Voltage Law (KVL) i = —12?'5 =-2.5Amp
The algebraic sum of all branch voltages around any closed
. . . i,=i,=—25A
path is always zero at all instants of time. 2
Example 9
Consider the following circuit:
Vi 2V

By applying KVL to the abovementioned circuit
=V, =V,=V;+ V=0

or Vs= V1+ V2 + V3
8V

'/\ 10V

Properties The node voltages V|, V,, and E are, respectively,
1. K‘CL. and KVL are applied to any lumped electric Eg)) Z: ; N }j://: II% ; igz”b];; _gz
elreuits. (C) V,=+14V,V,=2V, E=0V
2. KCL expresses conservation of charge at each and = (p) V,=—14V,V,==2V,E=0V
every node. Further, KVL expresses conservation of
flux or energy in every loop of electric circuit. Solution

Vy=IR, +IR,+IR,

Ve=IR, +R,+ R;) Ve

By applying KVL in loop 1

Ohm’s law is not applicable for active elements. It is V,+8-10=0
applicable only for linear and passive elements. V,=2V




N X
4V/\§E @

Ve
By applying KVL in loop 2
2+8-FE-10=0
E=0V
By applying KVL in loop 3
V,=4-0-10=0
Vi=14v
S~ Vi=14VandV,=2V
E=0V

CirRcuIT 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

+ Vi_ + Vo _
AN
R1 RZ

+
/ > Vs §F{3

In the abovementioned network R,, R,, and R, are connected
in series. By applying KVL for the loop,

V=V, +V,+V,
= IR, + IR, +IR,

=[R,+ R, + R;].1
But V=IR,.

LR =T[R +R,+R]

|Req =R +R +Ry+...+R,

Series-connected Inductors

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

Chapter 1 ¢ Network Elements and Basic Laws | 3.13

Ly Lo
+ 000 000 —

v %La
i

By applying KVL to the circuit,
di di di

V=L —+L,-—+L;—
Var rdr Cdr
di
=L, +L,+L,)—
(1 2 3)dt

However, we know

di
VL = Leq' E

[ Leg = Ly + Ly + Ly

Series-connected Capacitors

If three circuit elements are capacitances connected in
series, assume zero initial charges. By applying KVL for
the circuit, we get

C1 C> C3
'—+|H -+ |—_
Vi Vo Vs
% 1
V=v, +V,+V
1 1 1
= — [idt+— [ide+—[ide
Cl C2 C3
G G G
V= —-jidt
eq
1 1 1 1
—_— =t —F—F........ +—
Ceq Cl C2 C3 n

Example 10
Two capacitors C; =2 UF and C, = 4 uF are connected in
series. The equivalent capacitance is

(A) 6uF  (B) 8uF (C) 2 uF (D) 4/3 uF
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Solution
1l
v I 2uF
l :|—4uF
Ceq
S Lol e S 24 _gur
Cy 2 4 1 2+4
C,q =43 UF

CircuUIT ELEMENTS ARE CONNECTED
IN PARALLEL

Resistors in Parallel

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

/ A

RAm

v §R1 §Rg §R3 I__1_____§

14 2 i3 fm
By applying KCL at node A,
I=i+i,+igj+... 0
V Vv V
— =—t—+..+—
Req Rl R2 Rm
14 4 14
— =t —+.. +—
Req Rl RZ Rm
Letm=2
_ _RR,
“ R+R,

Voltage Division

A set of series-connected resistors, as shown in figure, is
referred as a voltage divider.

! Ry Ro
MV —
V1 V2

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

1= V
R +R,
V,=IR; V,=IR,
"= R, Volts
R +R,
vV
and V,=—"R, Volts
R +R,
Example 11
2Q 2Q
AMAT— VWA

10v(®) Z40 =20

The voltage across 4 Q resistance is

S0

(A) 5V (B) 2.5V
(C) 75V (D) None of these
Solution
2Q
MA—
10v() §4Q
holon hoy
2 4 4
2V =10)+2V, =4V, =20
V, =5 Volts
Example 12
Cq=5uF
5V Co=10uF

The value of V., and V., are as follows:
5 10
(A) ¥V, ==volts, V, =—volts
3 3
10 5
(B) V7, =—volts, V, = =volts
3 3
(C) ¥y =2.5volts, V,=2.5 volts

D) "= %VOlts, V, = ?Volts



Solution

Current Division

A parallel arrangement of resistors
results in a current divider.

shown in the figure

/

>
>

Ry R

P < — >0

Total current / is divided into /, and [, through R,
and R,, respectively. /| and I, are expressed as in the
following figure.

R
[1= 2 .
R+R,

R
]2 = 1 .
R +R,

When two impedances are connected in series, voltage
division across those impedances depends on elements
in it.

Z1 ZZ
— }—— 1

V1 ' V2
/
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1. IfZ=RorZ=1L
Zeq:ZI+ZZ
V
Vi = =X Z,; volts
eq

V
V2 = _XZZ volts
eq

2. 1fZ,=C,and Z,=C,,
then
_ G x(G,
‘4 +C,
vV
V= xC
C+GC,
Vv
h= xXCy
C+GC,

When two impedances are connected in parallel, current
division through those impedances depends on the ele-
ments present in it.

@ I&
14 >
Z4

I 2>
-
P

eq

I=1+1,
1. IfleR1 QandeszQor
77,

g™ 712, Z, =1, andesz

2. IfZ,=C,and Z, = C,, then
Z,=C+C,

NobAL ANALYSIS

AAAA
\A4
N
AAA
VVVv

By applying KCL at node a,

Va_Vi +&+Va_Vb —
Rl RZ R3

0
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V i.{.i_}_i _ﬁzﬁ (])
“LROR R RR

By applying KCL at node ‘b’

Vo=Va Vo Vo=Vo _
R R R

(—_I]Vﬁ[;;qn A @

By solving Eqgs (1) and (2), the currents can be estimated.

Example 13

Write the node voltage equations and determine the currents
in each branch of the network shown in figure.

Vi I3 Vo= h
l1o¢< 3Q ¢l5 19
310Q 50 10V

AAAA
VVWv

5A

Solution

By applying KCL at node 1
hoh-n
10 3

5=

By applying KCL at node 2
Vz—Vl+E+V2—10 _
3 5 1
1 11
-V =+ =+=+1[ =10 2
1[3] 2[3 5 :| )
Solving Eqgs (1) and (2)
V,=19.85Vand V,=109V

I,= % =1985A, 1, = h-h

0

=2984

10

I =ﬁ=% =2.18A,1,= v, 10

=09A
S5

SOURCE TRANSFORMATION

RS IL

Vs is the voltage and Rq is the series resistance.

I = s

When transformed to a current source

Example 14
For the network shown in the figure, find ¥, when / = 0.5 A.

4Q
lo

8Q

wQ)

6Q

(B) V,=20V
(D) V,=+70V

(A) V,=22V
(C) V,=—22V

Solution
Redraw the above network.

Vi 4Q Vo
VW

80 Sso Zeo Sen

Vs 0.5A

Given/ =0.5A
V.
Therefore, /, = ?2 =V, =6x05=3V

By applying KCL at node V,

h-Vs Wi =3

- +—=0
8 8 4
Vi=Vs+V,+2(V—=3)=0
4V, - V=6 1)
By applying KCL at node 2)
hoh h_g
4 3

3V, V) +4V,=0
V,=3 7,
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7% Example 16

V= TX3_ 7 volt:
1Ty TVl In the circuit, the voltage ¥(¢) is

Vy=4V,-6
=4x7-6=22V o e

Example 15

In the network shown in figure, find the current in the 10 Q

resistor. (A) et — et (B) e + et
100 (C) a.e—b.ebt (D) a.e®+b et
Solution
diy
V., =L —
L dt
0 I = e+ e
3A 2 A d
Vo(t)=1—|e% +e
Lo=1-] ]
= ge™ + beb
(A) I=053A (B) I=9A
(C) I=-1A (D) I=-0.53A Example 17
Determine the current in all resistors in the circuit shown
Solution in figure.
Redraw the above circuit Yh o Yh l
50A s 3 2
'1\7V§\2, 220 310 750
3A 50 20 12 A Solution
By applying KCL,
By applying source transformation I=h+L+]
Vv v
50 10Q 20 =242 00
MA—WN\ 2 1 5
15V /D 50=V [1+1+1]
24V 2 1 5
V= >0 =2941V
1.7
15-24 9
— —_2 29.41
=7 Ij= = —==14705A
=-0.3A 29.41
I,= - 29.41 A

NOTES 2941

1. Simple node: It is an inter-connection of only two 5 5 28824
branches.

2. Principle node: It is an inter-connection of at least
three branches. A

3. Super node: If a branch between two essential non- 10Q§§ 20Q5§ SOQEE 4003
reference nodes contain a voltage source, this is called ] ] ] ]
‘super-node’. B

Example 18

VVWv




3.18 | Part lll  Unit1 e Networks

Determine the parallel resistance between points 4 and B of
the circuit shown in the figure.

(A) 8Q (B) 6Q (C) 48Q (D)3 Q
Solution
1 1 1 1 1
— =t —t—+—
R R R, Ry R,
_r . r.r
10 20 30 40
=0.1+0.05+0.033+0.025
1 =0.208
T
R, =48Q
Example 19

Determine the current through each resistor in the following
circuit.

l1 I2 IS
403
12A g @ 2Q
Solution
4x2
L=tax22 g 442y, 13333
4(12+4 4x2 1.3333+4
254y
4+2
L=3A
L,=12-3-3
L=6A
Example 20

Determine the total amount of power dissipated in the
following circuit.

5Q 2Q
310
EX
50V _T 9
22Q
(A) 100W  (B) 250 W (C) 150 W (D) 200 W
Solution
Total resistance R=5+2+1+2
=10 Q
2
Power = V—
R
_ (s0)°
10

=250 W

MEesH ANALYSIS

Consider the network shown in the figure. ¥, and V, are the
voltage sources. The loop currents are [, I,, and I, in their
direction as shown in the figure.

By applying KVL in loop 1

~ LR, ~LR,+V,=0

Vi=I1, (R, +R,) - LR, (1)
By applying KVL in loop 2,
-LR,-LR,+LR,~L,R,+IR,=0
-ILR,+1,(R,+R,+R)—L,R,=0 2)
By applying KVL in loop 3,
LRV, - LR, + LR, =0
~LR,+ (Rt R)=-7V, 3)

From Egs (1), (2), and (3),

R +R, -R, 0
-R, Ry+R3+Ry —R,
0 -R, Ry + Rs
Ll N
I, 1=]0
I3 V2
4 -k, 0
0 R+R+Ry —-R,
Ia -V, -R, Ry +Rs
1 [R]
R +R, -R, 0
where [R]=| -R, R, +Ry+R, —R4
0 —R, R, + Ry
R+R, T 0
-R, 0 -R,
. 0 -V, Ry +Rs
L | R|
R+ R, R, "
-R, Ry+R3+R, O
/- 0 —-R, -V,
’ R



Example 21

Determine the mesh currents /;, /,, and I; in the circuit
shown in the figure.

10Q

Solution
By applying KVL in loop 1

50=(10+5+3) 1, +51,- 31, 1)
By applying KVL in loop 2
10=2L+5(, +1,) + 1, + L)
10=51+81,+1, 2)
By applying KVL in loop 3
1, +i)+5+3(@;—i)=0
=3i, +i,+t4i;=-5 3)

By Cramer’s rule

50 5 -3
10 8 1
5 1 4
1=
18 5 -3
5 8 1
31 4
[,=33A
18 50 -3
5 10 1
3 5 4
I,=
18 5 -3
5 8 1
31 4
L,=-0997 A
18 5 50
5 8 10
31 -5
I,=
18 5 -3
5 8 1
31 4
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Example 22
2Q
al ™ ‘i‘% b
v *Vs-
10A
2Q t AV, 1Q

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

Solution
By applying KCL at node ‘a’

Vo VaVy  Va+10-V; _

10+ — 0

2 2 4
1.25V,-0.75V,=-12.5 (1)

By applying KCL at node ‘b’

vy 210V, +Vh Y -4V, +&=O
4 2 1

—475V, +5.75V, =42.b 2)
Vo=V, +10-V, 3)

Solving Egs (1), (2), and (3)
V,=-11.03 Volts.

and ¥, =-1.724 V.
The current delivered by 10 V source is

;o= V,-V,+10
10 4
The power supplied by the 10 V source is

V,=V,+10
P,=(10)1,,=10 (%

) =1.735 Watts

Star-Delta Transformation

A
Ra |
B c
B c Fs

If Delta is given, corresponding star elements are

_ Rl R2

A R+R+Rs
_ Rl R3

B OR+R+R
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_ RR
€ R+R+R

If star elements are given, corresponding delta network ele-
ments are

R = RyRp + RgRc + R R,

: Re
R,Ry +RyR-+R-R,
R,= »
B
p = RaRp+RpRe +RR,
3 RA

Example 23

A star-connected network with is delta equivalent is shown
in the figure. R,, R, and R (in ohms) are, respectively,

H a
RS 3Q Ra
— Ac
R Rs
Q 90 b c
b
c Ao

(A) 9Q,33Q,165Q
©) 11Q,330Q,165Q

B) 119Q,165Q,33Q
D) 19,3Q,15Q

Solution
SR,=R,R,+R,R,+ R, R,

=6Xx3+3Xx9+9%6
=99
RA:M = % =11Q
Ry 9
PODLINL g
R.= 2:§:16.5§2
R2

Twelve Z Q impedances are used as edges to form a cube.
The equivalent impedance seen between the two diago-
nally opposite corners of the cube is

1. If Z=R Q, thenzeq: %RQ
2. IfZ=1L, thenzeqz — LH

3. IfZ=C, thenzeq= CF

| Nfw

Example 24

Twelve 3 H inductors are used as edges to form a cube.
Determine the equivalent inductance seen between the two
diagonally opposite corners of the cube.

Solution
We know
Z = éL = é><3 =25H
‘4 6 6
Example 25
Consider the circuit shown in figure. Determine R,
5Q
a
%59
b
5Q
(A) 2.5Q (B) 29
(C) 7.5Q (D) None of these
Solution

Redraw the abovementioned circuit
1 5Q 2

a
% 5Q
b
2 50 1
5Q
a b
1 5Q 2
B VAVAV
5Q
R,=G15]5)
25%x5 5
= = - Q
7.5 3
Example 26
Consider the circuit shown in figure. Determine R, .
B
R R
R
A VW



(A) R,z=0Q (B) R,z =RQ
(C) R,z=2RQ D) R, z= g Q
Solution

Redraw the given circuit

Convert A —y

B

w|3;

R/3 2R/3

B &

R, =R Q, for all values of ‘R’

The second method is as follows:
From the given circuit,

Since R, X R, = R, R, bridge is in balanced condition.

RXR=RXR
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R R
:}RAB: EJ’_E:RQ
Here, V. =V,.

Therefore, 1= 0.

Example 27
The circuit shown in figure will act as a load resistor of

h 6Q
T T W

4Q
$ N

S < ——>

1 16
A) —Q B) —Q
(A) 5 (B) 5
©) %Q (D) None of these
Solution
From the given circuit,
=21
1= v r=2h
4 6

121, =3V +2V -2V -4l

16, =5V
Vi _poltq
I 5

EQUIVALENT CIRCUITS W.R.T. PASSIVE
R LC,S

= Two elements are said to be in series only when currents
through the elements are same and two elements are said to
be in parallel only when voltages across the elements are
same.

Series Circuits

/

Z
¥ -

Vi Vo
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/

e y

TN+

]

Letn=2
=Z=7,=RQ

=7Z=27 =jolQ

1

:>Z=ZC=_— Q

Jjoc
Z,=2,+2,
If Z is equal to

i) R:
R, =R, +R,

i) L:
L,=L +L,

iii) C:
1 1 1

_ — - —
Ceq Cl C2

Voltage Division
V=21

1=
Zeg

=V, =1Z, (by Ohm’s law)

_F
Z\+2Z,

=

Z

=V,=2,1

vV

:>V2:

2

VR
R +R,
V.Rz
R +R,

4

2. Z=joL:

VLl V VL2

L+l

L+l

3. Z=——
joC

V-C

N=——"2:
C+GC,
V.

V2: Cl
C+GC,

Parallel Circuits

\ 2o

+

<<
O,
N

SRS S
Zo Ly Z,
ZIZZ
«“” 747
IfZ=R
R Ry
A" RTR
IfR,=R,=RQ
ry- o
fZ=jwL: —=i+L
L, L L
_ L-L
L+,

fZ=2,C,=C+C,

Current Division

szeql
2,7
= =22 w7
Z\+2,
L-r
Zl

[, =Z,*INZ, + Z,)
L,=Z*INZ, + Z,)

1 1
For example, Z;, =——;7Z, =
jocl joc2

G , _1G

]1_

R

C+GC,



1. Resistance connected in series with an ideal current
source (internal resistance of an ideal current source)
does not have any effect on current supplied by it.
Therefore, it can be neglected.

A
/ Hﬁ;@

R # oo
The load current is independent of R value, i> R # 0.
2. Resistance connected in parallel with an ideal voltage
source does not have any effect on voltage offered by
it. Therefore, it can be neglected.

Here R #0
Therefore, a resistor in parallel with an ideal voltage
source can be neglected in the analysis.
Therefore, the load voltage is independent of R value
2
L
R
3. Equivalent of series-connected current sources is a
single current source and are of same magnitude.

— o - -—- — e ———-
I h
S
(A

L o ---

4. Equivalent of two series-connected voltage sources is
the sum of those two with their polarity.

()
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By applying KVL,
=V+V,-V=0
V=r +V,

5. Equivalent of two parallel-connected current sources
is equal to sum of those two with their relevant polarity.

/'1<D C)ig ﬁf@)i I ZL
Si=ipt,

Example 28

The current / is

(A) TA (B) -1A
©) 2A (D) Indeterminate
Solution

Two voltage sources are in parallel and different this is vio-
lates KVL and KCL and therefore indeterminate.

Example 29
¢
3A T
; 3Q Vo
1A
!
Solution
Determine voltage V
V,=1x3
=3-13

= 6 Volts
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Practice Problems |

Direction 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
N M\ / M\
10V 20 10 11A
(A) %A (B) %A () %A (D) %A
2. The voltage e in the figure is
m
dﬁ 10916ﬂ— y .
8A Gﬂg 1205 %
(A) 48V (B) 24V (C) 36V (D) 28V

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

GivenR1:3QandR2:2Q

R Ry R4
A -
%Rz %F& %Fﬁg %
Bo --
3 2 2
A) —Q B) —Q C 3+—|Q D
(A) 2 (B) 3 © [ +3] (D)

V21

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

Ia

6

0 2 4 6 “tsec

(A) 20W  (B) 45W  (C) 60W (D) 90W
5. Figure shows the waveform of the current passing

through an inductor of resistance 1 Q and inductance

2 H. The energy absorbed by the inductor in the first

four seconds is
I A

6A f---m--

S
rd

tin sec

2s 4s

(A) 1321 (B) 987J (C) 1447 (D) 1687
6. In the circuit of the given figure, the source current ‘I’ is

(A) 2A (B) 4A ©) 1A (D) %A

7. In the circuit shown in the figure, the current 7 is

25

2
(A) ?A (B) ?SA ©) 2A (D) 3A
8. In the circuit shown in the figure,
2Q 2Q
A
2Q ‘ 6Q
ST
B
6Q
R, 5=?
21 5
@ Fe ® e (©10e Ose

9. What should be the value of current ‘I’ to have zero
current flowing through AB?
glA

(C) —4A

(B) 4A
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

(A) 2A (D) 2A

+ 8Q —

4Q =
Ny AV N.

AV —
3Q
+ 6Q -

(B) -24V  (C) 8V

(A) 24V D) -8V



11.

12.

13.

14.

15.

In the circuit shown in the figure, the voltages V', V,,

and V; are
é éeg
3Q 1Q

MW

<— V1 V2 V3
< 12v

8 16
A) =, —, 4
()3 3

16 8 16
C) —,— 4,

© =3

In the network shown in the figure, the current in resis-
tor R is

3A
A AAA B
| 20 4saA
2A 3Q z 10V— 4 A
R
C \A L D
(A) 2A B) 3A (C) 4A D) 9A

In the following circuit, the voltage 4B is

50 V. 50
A 40 v::m B
30V 30
2Q
(A) 35V (B)282V (C) 383V (D) 426V

A network contains linear resistors that are connected
in series across an ideal voltage source. If all the resist-
ances are halved and the voltage is doubled, then the
voltage across each resistor becomes

(A) doubled (B) halved

(C) not changed (D) None of these

Obtain the equivalent capacitance of the network given
a
1] — LHF — _ —/ WuF
1uF
_—I— 1UF
ST — Tmp ::mF == 1uF
b
(A) 1uF (B) 0.8uF (C) 1.9uF (D) 2.6 uF

16.

17.

18.

19.

20.

21.
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The current i, in the circuit of the figure equal to

it i5 A I> 3_3 A
IO§7 A
*
i BT 4A
(A) 12A (B) -12A
(C) 4A (D) None of these
5Z0°A

it £30 ‘?)104 60° A

For the circuit shown in the figure, the instantaneous
current i,(7) is
1033

(A) £490° (B) —4 90°Amp

© 5460O D) 54 60° A

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
a R,
R R
b c 2 s
15Q
b c

(A) 1.5,3,and 9

(©) 9,3,and 1.5

The voltage ¢, in the figure
2Q

AAA

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

I S
8 Al 100 16V 3120 €
6Q ) _
(A) 48V (B) 24V (C) 36V (D) 28V
28 x
<> IT ZQ <>
S0 s N 360 330
- 750V
y
The current / supplied by the source 50 V is
(A) 25A (B) 13.7A (C) 9.8A (D) 3.66A

The voltages V., C2’ and V., across the capacitors in
the circuit in the given ﬁgure under steady state are,
respectively,
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Practice Problems 2 6.

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

1. A network contains linear resistors that are connected
in series across an ideal voltage source. If all the resist-
ances are halved and the voltage is doubled, then the
voltage across each resistor becomes
(A) doubled (B) halved
(C) not changed (D) None of these

2. Twelve similar conductors of 1 Q resistance form a 7.

cubical framework. Then, the resistance between two
adjacent corners, two opposite corners of one face, and
two opposite corners of the cube are

357 753
A 221 B) ~,2,2 8.
()461 ()464
7 35 12 4 6
C_9_s_ D_y_’_
()1246 ()735

3. In the network shown in the figure, the voltage at node = ¢
2is

O, R @
5A
10A @ 10 0z ® 4Q
(A) 2V B) 10V  (C) 6V (D) 4V
4. In the network shown in the figure, the voltage AF is 10.
Sa A
VVv 1\(y
20 T 220 220 B3A
] 11.
F 1Q
(A) 4V (B) -4V (C) 6V (D) 2V

5. For the circuit shown in the figure, the current ‘I’ is
given by

40 20
AMA
ﬁl
+
A 10 3Q 3V

(A) 2A (B) 3A € 1A (D) zero

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

The current ‘/” supplied by the source in the figure is

6Q 40
! Jyis
6 vi s 0
19%

(A) 2A (B) 3A (©) %A (D) %A

A resistance of 10 € 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 (C) 20Q (D) 25Q
The resistance of a strip of conductor is RQ. If the strip
is elongated such that its length is doubled, the resist-
ance of the strip is given by

(A) 4R (B) 2R (©) g (D) R

. The current i(f) through a 10 € resistor in series with

an inductance is given by i(f) = 3 + 4 sin(100¢ + 45°) +
4 sin(300¢ + 60°) A. The RMS value of the current and
the power dissipated in the circuit are

(A) Ja1 A, 410 W, respectively

(B) V35 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
et ‘7(0 ebt
(A) et — ebt (B) e + ebt
(C) ae“—be (D) ae“+be

. The rms value of the voltage defined by v(r) =5 + 5 sin

(314t +7/6) is

(A) 5V (B) 25V (C) 612V (D) 10V



13

. IfR, =R, =R, =R and R, = 1.1R in the bridge circuit

shown in the figure, then the reading in the ideal volt-
meter connected between a and b is

R R,
+
10V () a b
- RZ Rs
(A) 0.238V (B) 0.138V
(C) -0.238V D) 1V
14.
8Q
|
$120 $300 25 A
5A
The current / in the circuit is
(A) 20A (B) 20 A
(C) 162A (D) -16.12 A

15

a
3 a
_ Hab Rac
1.5 9 -
b c
b c Rbc

The value of R, R,

(A) 30Q,15Q,5Q
©) 50,30Q,15Q

and R, are
(B) 5Q,30Q,15Q
(D) 15Q,5Q,30Q
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16.

17.

18.

19.

3
S
S
>

AAAA
VWW

20 "
Vi 208 20 20 Ve=1V

+
N <
03

A
WW

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

©) 5V (D) 8V

If each branch of a Delta circuit has impedance J3z ,
then each branch of the equivalent Wye circuit has
impedance

(A)

V3

In the given circuit, the value of the voltage source E is
Vs

N L
+
2V b

<

E="?

\gv\tfﬂ
/\“V /_\no
v

(A) -16V  (B) 4V (C) -6V (D) 16V

What is the current through resistor 2 Q in the circuit
given?

(B) 3Z ©) 332 (D) %

Vi
0.2uF

_‘ 20

AAAA
VW

|
f
1.5V

(A) 0.6V (B) 18 (C) 09V (D) 0V

PRrevious YEARS’ QUESTIONS

1. If R, =R,=R,=Rand R, = 1.1 R in the bridge circuit
shown in figure, then the reading in the ideal voltme-
ter connected between a and b is [2005]

Ry

I ~t

(A) 0238V (B) 0.138V (C) —0238V (D) 1V

. A fully charged mobile phone with a 12 V battery is

good for a 10—min talk time. Assume that, during the
talk time, the battery delivers a constant current of 2
A and its voltage drops linearly from 12 V to 10V, as
shown in the figure. How much energy does the bat-
tery deliver during this talk time? [2009]

()

0 10min
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(A) 2207
(€) 132KJ

(B) 12kJ
(D) 14.4KJ

3. In the interconnection of ideal sources shown in the
figure, it is known that the 60 V source is absorbing

power

™\ 20V

N

! CD (t 60V
12A

)

/
Which of the following can be the value of the current
source [? [2009]
(A) 10A  (B) I13A  (C) 15A (D) 18A

4. In the following circuit, the power supplied by the

voltage source is [2010]
1Q
10 1Q
®1ov
1A
1Q
10 ®2A
(A) OW (B) 5W
(©) 10W (D) 100 W

5. In the following circuit, the current through the induc-
tor is [2012]

(A) 2 A (B) SN ©) LN\ (D) 0A
1+ 1+ 1+
6. The impedance looking into nodes 1 and 2 in the
given circuit is [2012]

(A) 50Q
(©) 5kQ

(B) 100 Q
(D) 10.1 kQ

7. ItV, —Vy=6V,then V.-V is [2012]
R Va J\?&ZV Ve R
10V
+5 V_ Ve A Vb
(A) -5V (B) 2V ©) 3V (D) 6V

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

Ro Rs
Ra
(A) R (B) k ©) 1k @) vk

9. Three capacitors C,, C,, and C;, whose values are
10 uF, 5 pF, and 2 pF, respectively, have breakdown
voltages of 10 V, 5V, and 2 V, respectively. For the
interconnection shown in the figure, the maximum
safe voltage in Volts that can be applied across the
combination and the corresponding total charge in pC
stored in the effective capacitance across the termi-
nals are, respectively, [2013]

G Cs

oo

(A) 2.8 and 36 (B) 7and 119
(C) 2.8 and 32 (D) 7 and 80

10. Consider the configuration shown in the figure, which
is a portion of a larger electrical network [2014]

ForR=1Qand currents i, =2 A, i,=-1A, and i =
—4 A, which one of the following is true?



11.

12.

13.

14.

(A) ig=5A

(B) iy=—4A

(C) Data is sufficient to conclude that the supposed
currents are impossible.

(D) Data is insufficient to identify the currents 7, i,,
and i

A Y-network has resistances of 10 Q each in two of
its arms, while the third arm has a resistance of 11 Q.
In the equivalent A-network, the lowest value (in Q)
among the three resistances is

[2014]
In the following figure, the value of the current / (in
Amperes) is [2014]
5Q 5Q
VW VWA

|

10Q

vQO  O= =

In the circuit shown in the figure, the value of node
voltage V, is [2014]

4/ 0° A

(A) 22+j2V
(B) 24,22V
(C) 22-j2V
(D) 2-j22V

For the Y-network shown in the figure, the value of R,
(in Q) in the equivalent A-network is
[2014]
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15. The circuit shown in the figure representsa  [2014]
O—
h Al A
O—

(A) voltage-controlled voltage source
(B) voltage-controlled current source
(C) current-controlled current source
(D) current-controlled voltage source
16. The magnitude of current (in mA) through the resistor
R, in the following figure is [2014]
Ry

AN

1 kQ

2

~ 2 kQ

%

R, 3kQ

=n

~ 4 kQ

10 mA D Q 2mA

17. The equivalent resistance in the infinite ladder net-
work shown in the figure is R.. [2014]
2R R R R
NNV NN

(R

The value of R /R is

R

18. In the network shown in the figure, all resistors are
identical with R =300 Q. The resistance R ; (in Q) of
the network is

[2015]

R =300

19. In the given circuit, the values of ¥, and V,, respec-

tively, are [2015]
40
AVAYaY;
b
+ 2/ +
v, (1)sA 402 40 v,
(A) 5V,25V (B) 10V,30V
(C) 15V,35V (D) 0V,20V

20. A dc voltage of 10 V is applied across an n-type
silicon bar having a rectangular cross-section and a
length of 1 cm as shown in figure. The donor doping
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concentration N, and the mobility of electrons u
and 10'® cm™ and 1000 cm™2V~!s7! respectively.
The average time (in us) taken by the electrons to
move from one end of the bar to other end is .

[2015]

21. For the circuit shown in the figure, the Thevenin’s
equivalent voltage (in volts) across terminals a-b is

[2015]
3Q
——WW\ o]
a
12V —— (f) 1A <§6Q
b
O

22. In the circuit shown, the voltage V. (in volts) is

[2015]
0.5V,
100
WW
N
5A (P VX§ 20Q % 8Q 0.25V,

23. In the given circuit, each resistor has a value equal to
1Q

b o— ¢

What is the equivalent resistance across the terminals a and

b? [2016]
@ La ®) Lo
6 3
9 8
(C) % Q (D) E Q

24. In the circuit shown in the figure, the magnitude of the
current (in amperes) through R, is

[2016]
R R,

ANN——o—" VN
5 3
R, +
60V 5 vV,
0.04V, B

25. In the figure shown, the current i(in ampere) is
[2016]
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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. C 2. C 3. A 4. A 5. C 6. A 7. A 8. B 9. C 10. A
11. 29.08 t0 29.10 12. 0.5 13. D 14. 9to 11 15. C 16. 2.79 to 2.81 17. 2.6 t0 2.64
18. 99.5t0 100.5 19. A 20. 95 to 105. 21. 10 22. 7.95 to 8.05. 23. D 24. 5A

25. =1 Amp
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