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Basics of Circuit Element and Circuit Law

Network Analysis

BASICS OF CIRCUIT ELEMENT
AND CIRCUIT LAW

THEORY

1.1 Circuitr ELEMENT

Circuit element is a part of an electric circuit or network.

One of the three quantitative altributives (resistance, inductance, capacitance) characteristic of an electric
circuit.

CLASSIFICATION OF ELEMENTS
(1)

(i) Unidirectional and bidirectional

1.2

Active and passive element

(i) Linear and non-linear element
(iv) Lumped and distributed element
(v) Time variant and time invariant element

Elements

!

)

Active Passive
Independent Dependent R L C
l l > Linear
l l l l —Non-linear
Ideal Practical VCVS CCVS CCCS vces| — Linear Non-linear
l L Linear
,I, ], l, l —»Non-linear
Voltage  Current Voltage Current

1.2.1 AcTivi ELEMENT AND PASSIVE ELEMENT
Acrive ELEMENT

When the element is capable of delivering energy independently for long time (approximately o) or when
the element is having property of internal amplification. Then the element is called as active element. It
does not require external source of energy.

Example: Voltage and current source are independent source. Transistor and op-amp are dependent source.
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PAssivE ELEMENT
When element can not deliver energy independently, the element is called as passive element.
It requires external source of energy.
(i) Resistance
> It is property of material
It opposes the flow of charge carrier (")
It converts ¢lectrical energy to heat energy
It’s unit is ohm (QQ) & indicated by R.
Resistance depends upon temperature

R, =R, (1 + a,T) (D
Where, R, = Material Resistance at 0°C

o, = Temperature coefficient

Y V V VY

T = Temperature
The symbolic representation is

o——WWW—o
Ohm’s law : 1t states that current density (J) is directly proportional to electric field intensity (E).
J <« E
J = cE
1 _1v | f
T A pl A
v o_ ol l
T~ A !
V _pl_p_
T = A =R = Constant
V =RI

» It state that potential difference across the element is directly proportional to current flowing through
clement.

+ It is valid when temperature and conductivity of material are constant.
Ohm’s law may be written in several ways
J = oE (First form)
Where o = Conductivity and its unit is Q' m.
V = RI (Second form)
I = GV (Third form)

Where G = Conductance and its unit is siemens Q7.

d
V= Rd—? (Fourth form)

Where Q = Charge and its unit is Coulomb (C).
*+  Ohm’s law is applicable for any “bilateral conductor”.

+ If value of R is negative, then this will act as an active element but practically, this is not possible.
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X

R,

(ii) Inductance :
It opposes rate of change of magnitude and direction of electric current passing through it.
It is indicated by L and unit is Henry.
The symbolic representation is

— T —o

Faraday first law states that when conductor cuts a magnetic lines of force, an emf is induced in

conductor.
Faraday second law states that emf induced in conductor is directly proportional to rate of change
of flux (¢).
(Note > Flux is the presence of a force field in a specified physical medium. ]
c o«
Where, ¢ = Dynamic induced emf
¢ = Flux
_ N
¢ = -N i

This is Lenz’s Law.

An inductor is a passive electronic component that store energy in the form of magnetic field.
Simplest form of inductor is wire loop or coil.

The inductance is directly proportional to the number of turns in the coil.

Flux linkage ) = No
L dw
dt
Le. Yoo Boi
Y ooci
Y =Li
_a¥
dt
_ i
¢=Lla
v = No
vy =Li
So, N¢ =Li

No

L ==
1
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e N (1)/
QQ)// @//\»
S 5
g 1
dt
_pdi
¢ =L

If current through inductor remains constant, the voltage drop will be zero. It means short circuited coil.
This is the steady state condition.

If current changes within zero time (dt = 0). It will give infinite voltage drop across inductor which is not
feasible practically. Thus inductor always oppose change in current abruptly.

. When inductance does not depend upon the current, inductor is called as linear inductor.
Example: Air core inductor.
. When inductance depend on the current, inductor is called as non-linear inductor.
Example: Tron core inductor
. Inductor store energy in the form of magnetic field (kinetic energy).
No

i

L:

Magneto motive force (MMF)

Where,

=
Il

Reluctance(s)
4 NI il MOMrNIA
¢ = TTAnm, ~
Where, A = Cross sectional area of core
[ = Length of core
B = 4m x 1077 H/m
1. = Relative permeability
NZA 2
Then, Lo BrNA N2
! 1/ Aou,
2
L = N_
s
L oc N2

Inductance of an inductor in directly proportional to square of number of turns.
Energy stored in inductor
Voltage across inductor is given by

di
A% La
and power P =VI
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.di
P = Li—
dt
W = [Pdt= [Li—dt
= Lfidi
W= JLi
In ideal inductor, the average power dissipation is equal to zero because it does not have internal

resistance.

(iii) Capacitor
It is a device used to store an electric charge consisting of one or more pairs of conductors separated
by an insulator.

It is a passive electronic component that store energy in the form of an electrostatic field (potential
energy).
It is indicated by (C) and unit is farad (F).

Stored charge is directly proportional to applied voltage.

1e., QxV
Q=CvV
C - g _ Coulomb _ Farad
Vv Volt

Since the unit of capacitance is very large so we measure capacitance in smaller unit like pF.
Formulae related to capacitor

I = Cd_V
dt
1 ¢t
= —[ 14t
V CI—OO
dv
P=CV—
dt

Energy stored in capacitor

W = [Pdt = IVCCL—Ydtz cfvav

1 2
W = ECV
. In ideal capacitor, power dissipation is equal to zero, because it does not have internal resistance.
. When capacitance of capacitor does not depend on the voltage, it is called as linear capacitor.
. When capacitance of capacitor depends on the voltage, it is called as non-linear capacitor.

Example: Varactor diode.
. If voltage is under steady state like DC voltage.

1c., dv =20
. d_V_
1—Cdt—0
i =0

It means, there is no current in the circuit.
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Capacitor does not allow sudden change of voltage because current through capacitor will be infinite
which is practically not possible.

dv

= C—

dt
if dt=0 1=
Ideal capacitor has infinite value of time constant and for practical capacitor, the value of time constant
is less

r=o r=MQ T =RC
O e, WY
° I 0 o I 0
C C
Ideal Capacitor Practical Capacitor
ve v
4
R.L.C — Positive
A -R Slope = Negative
w > \ I
R, L, C — positive I
\ —Ve

v
(In I & III quadrant) (Passive)

(consumption of energy) (Generation of energy)

(I & IV quadrant) (Active)

1.2.2 BIDIRECTIONAL AND UNIDIRECTIONAL ELEMENT

When element have properties which does not depend on the flow of direction of current, is called as
bidirectional element.

Example: Inductance, Resistor, Capacitor.

When element have properties that they depend on the flow of direction of current is called as unidirectional
clement.

Example: Diode.

R =Negative R = Positive
Slope =

> 1

Slope =¥

\ N

(Slope is same = R is same) (Unilateral)
(Bilateral)
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1.2.3 LINEAR AND NON-LINEAR ELEMENT
When ¢lement follow ohm’s law then it is known as linear element.
(Note: (a) Network is valid if frequency < 1 MHz.
(b) Electromagnetic theory is valid for high frequency (about 1 MHz)

c=0 R=w .
No Network analysis.
c=w R=0

Active : No need of external source.

Passive : Requires external source of enecrgy.
R, L, C > 0 Passive element (consuming energy)
R, L, C < 0 Active clement (negative)

VA V1
>1
< ~1
2 y
(Linear) (Non-linear)

1.2.4 LuMPED AND DISTRIBUTED ELEMENT
Physically seperate elements such as resistors, capacitors and diodes are lumped materials. On the other
hand network ¢lements which are inseparable for analytical purposes are called distributed elements.

1.2.5 TIME VARIANT AND TIME INVARIANT

A%
R,att
r %7 [Rjat f; \
Riatt, t—>0tooo
€ > 1 < 2 1

v
(Time variant)

1.3 INDEPENDENT SOURCE

1.3.1 VOLTAGE SOURCE
(i) Ideal Voltage Source

(Time invariant)

R, = 0 (internal resistance)
. AV

e

<= 4+

N

load
Vs :9 VS = VL

» o
| €—

>1
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We can’t predict current across ideal voltage source, it can be determine only by other parameter
current can be any value (0 to o)

*  Ohm’s law is not applicable here.
»  For an ideal voltage source, the terminal voltage is independent of terminal current.
* V-l characteristics of ideal voltage source is non-linear.

*  Inherently all the sources are non-linear in nature, since V & I are non-linear, but the non-linearity
of independent sources are ignored in network theory, otherwise sources are active and unilateral
clement.

(ii) Practical Voltage Source

Rint # 0
AV,
Vs
load \{’
>
V, '
R,
(Current can be predicted)
_Vs + IRint + VL =0
VL = Vs i IRint
1.3.2 CURRENT SOURCE
(i) Ideal Current Source
) o R0
a + 11
1M V| Z | load =1
>V
b _
O (e,
. For ideal current source, current is constant and independent of voltage and load.

For ideal current source, the terminal current source is independent of terminal voltage.
R(internal) = oo,
(ii) Practical Current Source

& .4
5

O
a

+0

b _ Iskim \,/
O O
L-L -1, =

= L =L-1
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1.4

1.5

DEPENDENT SOURCE

Voltage source Current Source
CCvs VCVS VCCS CCCS
KI KV KV Kl

Inherently the controlled sources are also non-linear in nature, since the voltage and current relationship
is non-linear. But the linearity of the controlled source is defined w.r.t. controlling independent variable.
If they are linear, then the sources are said to be linear, otherwise non-linear.

The presence of controlled source in a Network makes it an active Network.
KIRCHHOFF'S LAws

There are simple relationship between currents and voltages of different branches of an electric circuit.
These relationships are determined by some basic laws that are known as kirchhoff laws, There are two
laws

(1) Current law

(i1) Voltage law

1.5.1 KircHorr’s CUrRrReNT Law (KCL)

It is based on law of conservation of charge.
It states that, algebric sum of current meet at a point is equal to zero.
All incoming current is positive and outgoing current is negative

i

iw

Lti,—13+i,—15=0 (1)
. dQ
We know that 1= —
dt
dQ, , dQ, dQ: dQ, dQs _
dt dt dt dt dt
Q+Q-Q;+Q-Qs=0 ...(11)
KCL is based on law of conservation of charge.
as, Q =ne
ne +n,e” —nye” +n,e —nge =0
= n,+n,-n;+n,—ng =0 ...(1i1)

where n is number of electron entering or leaving.
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-

(Note: KCL is valid only for lumped electrical circuit not for distributed circuit.

KCL doesnt depends on the type of elements used in the circuit. So KCL is valid for linear, non
linear, active, passive, time-variant & time invariant and other circuit element.

| i, +i,—iyt+ti,—is=20 )

1.5.2 KIRCHOFF’S VOLTAGE Law (KVL)

. It is based on law of conservation of energy.
. It state that algebric sum of the voltage in closed loop is equal to zero.
Ve _ V. _
AN L5
R IL
+

Vg + VR +V, +V, =0

Vv 6 and Q is same in series.

Wy Wy, W, W
S ——=t——F+——+—= =
© Q Q Q Q

W+ Wp +W, + W, =0

. KVL is based on law of conservation of enecrgy.
. KVL is valid for lumped electrical circuit not for distributed circuit.
. KVL is independent of nature of circuit elements.

KVL + Ohm's law — Mesh analysis
KCL + Ohm's law — Nodal analysis

1.6 Oum’s Law

. V =1R + J=oE
V_ijdt L= e
C_C() C dt

1 t
. h=ff“¢ .oy, -1LE
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. Ohm’s law is valid only at constant temperature.

. Ohm’s law is not valid for ideal source. (due to non-linearity).
. But in Nodal and mesh, ideal sources can be used and their non-linearities can be neglected.
1.7 EQUIVALENT CIRCUIT
1.7.1 SERIES
+ V-
+e 1
7,
+
. Al
Zo,=72,+17,
Resistance Z =R
R, = R +R, (Series)
Inductance Z =joL

L,= L, +L, (Series)

Capacitance Z ="

1 1 1
o T
eq G 2
GG .
Coq = C, +C, (Series)
Voltage Division Rule
Zo,=72,+17,
vV,

Vv, =17,
v, =17,
Zl
Vi=z4z, 8
ZZ
Vv, = S
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R,
Resistance V, = R.+R Vs
1T
—
27 Ry +R, °
L
Inductance Vi=1 +1L Vs
12
N
27 L+L, °
C
Capacitance V, = C +2C Vs
11742
G
Va=¢uc,

1.7.2 PARALLEL

1 1
— _
Zeq Z, Z,
1 1 ¥ 1
Resistance R =5 "5
Req R; R,
RiR,
= Rq = R, +R,
1 1 N 1
Inductance j(DLeq = oL, joL,
LL,
= La= L 1L,
Capacitance JoCq = joCy + joC,
= Ceq = Cl + CZ
Current Division Rule
V = IZeq
1=X= Lt g _ 4
1 Z, 7Z,(Z,+7Z,) (Z,+Z,)
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AL .
7, Z,+Z,
. Z, I
Resistance I, = 7 +7
1 2
Lo o
2 Z,+Z,
LZ
Inductance I, = L oL
1 2
L=
2 L,+L,
G
Capacitance I, = C.+C
1 2
p—
2 C+C,

1.8 DELTA AND STAR CONNECTION

When elements are connected neither in series nor in parallel. To reduce this kind of network star-delta
transform is used.

Zps L, 7. — Star Network
7., 2oy, 2., — Delta Network

Delta to Star Conversion Star to Delta Conversion

, 7,7, , 2 Zo+ZpZe+Z:Z,
* AT Z+Z,+Z, 1= Z,

L, 7,7, , 2 Zo+ZpZe+Z:Z,
* B 7, +Z,+Z, 27 Zy

L, Z,Z, L, 2 Zo+ZpZe+Z:Z,
* CT Z,+Z,+Z, 37 Zeo

Star connection 1s also known as T-connection.



14 | Basics of Circuit Element and Circuit Law EE, EC, EEE, IN

-

(Note : If Delta = 3Q) (each resistance)
then Star —1Q) (each resistance)

for R & L, Delta = 3 x Star

1
for C; Delta = 3 x Star

Star to Delta, impedance T =C4=R&L?T

Example 1: The current flowing through the capacitor is shown in figure, then determine the charge stored
by the capacitor upto the 7 msec?

it) 1

7 t(in mesc)

Solution :  The arca of under curve i(t) and t gives stored charge

Q = j i(t)dt

3 4

3 4 6 7
_ j i(t)dt+ j i(t)dt+ j i(t)dt+ j i(t)dt
0 6

(lx3x5j+lx1><(3+5)+l><2><(3+5)+l><1><5
2 2 2 2

% +4+8 +% =22 milli coulomb

Example 2: A fully charged mobile phone with 12 V is good for 10 min talk time Assume that during the
talk time the battery delivers a constant current of 2 Amp and its voltage drops linearly from 12
Volts to 10 Volts as shown in the figure.

How much energy does the battery delievers during talk time.
V/\
12V

Lov

7

t (in min)

[
cbF————————
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t
Solution : E = [Pdt = [VIdt = 2 j Vdt
0

t; = 10 min = 600 sec

600
= 2jth:2{600[10;12ﬂ:13.2 kJ
0

Example 3 :The current is flowing through 10 Q resistor. Find the average power dissipated by the resistor.

HOYY Q)
fo—> -
10AF - - - - - T
Vo 3R
0 1 2 3 t(s,ec) ————————
Solution : P =I°'R
— 12
Pan - Il“msll
2l _ l}iz(t)dt
Lns = T
10=0
= — =10
70
So, y =mx+ C
i(t) = 10t
1
1L, ) 100
So, Pl H ﬂlOOt dt:IOO[—]O Akt x
0
100
P = IﬁnSR:Tx10:333.33W

avg

Example 4 : Find the average power dissipated by 1Q resistor.
iyt
+10A

2ms~> | 4ms” 6ms~

— N\

-10A
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. 1 2 02 4 2
Solution : 2= 1710 UO a0 dt+L (-10) dt}

| _ _ 3
= 715511002 - 0) +100(4 - )] x10
_ 1 5
— 7o <400x107 = 100 A

Prme = 12 R =100 x 1 =100 W

Pmax = |12|R (10)2 x 1
= 100 W

In general, Pove < P

Example 5: The figure shows the current flowing through the coil of resistance 1Q2 and inductance 2H.

i(t) 4 N i

6AF----
<— Coil

t (in sec) —e

Determine
(1) What would be the energy stored across inductor for first 2 sec.
(i1)) The energy absorbed by the inductor upto first 4 sec.
(ii1) Find the energy absorbed across coil for first 6 sec?
Solution : (i)

i(t)4
di
)
a_s
dt di
=3
0 2 4 5 \k
i
Cdt
E = det
20 di 2
di
E = I(L—j indt = 2| [iZdt
t ac) 10 '([dt

2
= 2{13“3)&[} = 36 Joules
0
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2 i tdi
[2
=2 I3t(3)dt+0} = 36 Joules
0
M2 .. 4 . 6 g
di di di
(lll) EL =2 Iladt+jladt+£ladt:|

Lo 2
=36+0-36=0

Energy absorbed by resistance Ep = IP dt
2 4 6
2 2
B, = j9t dt+I36 dt+I9(t—6) dt}
0

2 4
Ep=[24 +72+24]=12017

Energy across coil E =E, +Ex
=0+ 120 = 120J
ote: (i)  Whenever current is changing w.rt. time, then only inductor will store the energy, but

for constant current inductor will not store the energy (constant energy).

(ii) Same in case of capacitor w.r.t. voltage.

Example 6 : Find the delta equivalent for the given circuit :

I

IF

Solution :
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I 1 1. 1 11
1 XXX
— _32 1213,
1
= Cz = 1 F
1 1
1 1 X—+—xX—+-x 3
D - 2
2
1
= C.= —F
P2
Wheat Stone Bridge :
+
4O,
Condition for balanced bridge
Z Z,
zZ, 7,
When bridge is balanced then no current will flow through ammeter.
Example 7 : Find out the following

() Zy="?
(11) il: iZ: i3: i4: i5 : ?
(i) V,, V., V,, Vg =7

100V<9




Network Analysis Basics of Circuit Element and Circuit Law | 19

Solution :

d

Since, bridge is balanced.
So, open — ab

then Ry =12 ] 24
36 1
Reg 12124 8
R, = 8Q
ch =80
. 100
1, = 1 :—A
TR
100
A
Vi =100 V
V=0V
100 200
=V =,R;, =—x8=—-V
Var YaThRT 3
100 200
=V, =i,R, =—x16="2V
Va= Yo mlRe =y 3
100 100
=R, =—x4=—-V
Vim e 3
100 100
= i,R, =—x8=—V
Vo= R m oy 3
Example 8 : Determine the equivalent resistance across 'ab' terminal of above circuit?
200
a MV c
§2Q
1Q 200
b NN d
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Solution :

20 10

20 10

Wheatstone bridge is balanced
Ry=3]3=15Q

Example 9 :Find the current I for circuit shown below.

g A s

l‘ 20 —/
24V
Solution : 5 Q and 7 Q will act as an open circuit because it satisfy wheat stone bridge condition.

120
A
60 40 20
AA
40 => =>
AA
o 40
I
< AAA i
I 5 20 v L2
24
I=—=6Amp



Network Analysis Basics of Circuit Element and Circuit Law

| 21

Example 10: Find ¢ for the circuit shown below.

C\L 12 cos (ot — ¢)

> > > MV
L L 1N R
Where, p(0)=1A
ip(t) = 4 €3 + 3¢ A
Solution : I + 12 cos (ot — ¢) = I
at t=20
= 1+ 12 cos (0-¢)=7
= 12 cos ¢ =6
= ¢ = 60°

Example 11 : Find the current I; for circuit shown below.

I

10 Q\D A J

Solution : Approach-1
Because -above bridge network is in balanced condition

V=

Approach-I11
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I+ -1=0
Ip=1-1

Applying KVL
= +tl-1+{0-I)1-LGH=0

1
= I = 1+ 1
Example 12 : Find current | for the circuit shown below.
20 2Q
AAY% A%

vl

D g O

Solution :
VI
D @) 30 1g) O
By Apply KCL, 1+ 8=
1i=1-38 (1)
Now, by applying KVL in loop 2 ...(11)
20+ 2i- 18 =0
Put the value of i in equation (i)
21+ 2(1-8) - 18 =0
2L+ 21 -16 - 18 =0
41 = 34
34
S
I=85A
(Note: Q)

A resistor in series with ideal current source can be neglected from the nodal analysis
for voltage and current calculation, but not for power calculation.

—o

| -
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( (ii) A resistor is parallel with ideal voltage source can be neglected for nodal analysis

for V & I calculations, but not for power calculations.
O ——O

WO =0

Q —o0

\

Example 13 : Find the value of Vg, I; and voltage drop across current source of 2A?

10 8§A
VMV

V1,

: v

Vi §1Q
2A C'D -
Solution :
8A
AT <
T, = 10A

SVCJ + () N

5

By appling KCL at Node

2+8 =14
I, =10 A
Ve=1x1I
=1 x10=10 Volt
Vo +5-2-10=0

V. =7 Volt
1.8 Super NODE
Example 14 : Find the value of V; and V,.

v 6 v

NG I o O
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Solution :  Approach-l: Using source conversion

5V

()
-/

v, v,
1

298 <

5 1Q

o 0 b

i
2-——5-i-3 =0
2

i=-4A

=<
I

2 %x04)=2+2:4v

V,=3-1x@#)=-1V
Approach-II Super node :

—4+¥+%—3 =0
2
-4 +2V,+V,-3=
2V, +V, =17 (D)
V,-V,=5 ...(11)
From equations (i) & (i1)
V, =4V
V,=-1V
{Note : Whenever there is an ideal voltage source between two nodes then it is not possible to wriri
the independent nodal equation at two nodes, hence, supernode is used.

1.9 SuPER—MESH
Example 15 : Find the value of I; and L.

I 10 10
>—AW VA

() o

Y.~
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Solution :

1Q 10
AAY VWA

Q7 O
| P
?m

<—1— Super mesh

8§ —i,—i,=0
i +i, =8 (i)
i+, =2 ...(ii)

i =3A
L=35A

Example 16 : Find the value of 1, 1, and 1;. Also find voltage across current source.

Solution :

A% (D MW
= 1Q

Applying KVL as shown above
T-1G0G-1p)+tO-1)-1;=0
7-1+21,-21,=0 (1)
Applying KCL
-1, =2
= L =241 ..(11)
Applying KCL
—(p-1) -2 - (- 13) =0
L-4,+1,,=0 ..(i11)
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Now equations (i) & (iii)
5+2,-3i;=0
2 —4i, +2i; =0

L=3A
L=2A
L =5A

Voltage across current source,
V-(-1)-15-0G-14)=0
V+i+i,—3i;=0
=_-5-2+9
V =2 Volt
1.10EQUIVALENT CIrRcuIT W.R.T. SOURCE POINT OF VIEW

1 I

~

Q gy 2g O

Lo Lo
——o0
L
= (1\) (Not possible)
L
L—— o

(V)
(V)

(Note : The above circuit does not satisfy KCL.
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——————————0
O VO =0
Lo
0 ——_
v, CD v, C_D = Vv Cf) Not possible
0 Lo
(Note : The above circuit does not satisfy KVL.
o ——
1, C'D IZC'T‘D = L+ 'D
o o
0 ———————=©
v =V, 1V, i)
0 L—— o

Note : Q)

Otherwise there would be oscillations in circuit and results in unstability.

Two ideal current source can be connected in series if their magnitude are equal.,

(ii) Two ideal voltage source can be connected in parallel if their magnitude are equal,

Otherwise their would be oscillations in the circuit and results in unstability.

1.11 SOURCE TRANSFORMATION

O
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(1) Source transformation is valid only for practical sources not for ideal source.

(i) Source transformation is a network simplification technique which is applicable only for practical source.

1.12 AMMETER

(1) Ammeter must be connected in series.

(2) Internal resistance
For ideal ammeter R,:=0
For practical ammeter R,,; = finite (low)

So, there would be voltage drop across Ry.
(3) Practical ammeter shows less reading then ideal ammeter.

1.13 VOLTMETER

© 2=

(1) Voltmeter must be connected in parallel.
(2) Internal resistance
For ideal voltmeter R, =

finite (high)
(3) Practical voltmeter shows less reading then ideal voltmeter

(Note : Values of R, for ideal )
(i) Ammeter
(ii) Voltmeter

(iii) Current source

For practical voltmeter Ry

(iv) Voltage source
Example 17 : Find E, V, and V;.

Vv, +10V
Solution : 0-1-E-5-10=0
E=-16 V
0-1-E-4-V,=0
vV, =11V
V,-2-E-5-10=0
V,=1V

Q00O



