CHAPTER 1
ELECTRIC CIRCUITS

1.1 Introduction

A dc circuit is a combination of circuit elements to form a closed path for the
flow of dc current. A simple dc circuit consists of three basic elements : a battery,

a lamp and connecting wires. In this circuit, battery is the voltage source and
lamp is the load.

There are two types of elements found in electric circuits : passive elements
and active elements. An active element is capable of generating energy while a
passive element is not. Examples of passive elements are resistors, capacitors
and inductors. Typical active elements include generators and batteries.

The most important active elements are voltage or current sources that generally
deliver power to the circuit connected to them: =

1.2 Electric Current o

Flow of free electrons is called electric cus
number of free electrons. When electric pressi
electrons, being negatively charged, will start
round the circuit as shown in Fig.This directe
current The actual direction of current (i.e., fl¢
terminal to the positive terminal through g‘"
cell. However, prior to the electron theory, it:
from the positive terminal to the negative t
This convention is so firmly established th
current is now called conventional current.
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1.3 Electric Potential

A body is neutral under ordinary conditions, i.e.
of protons and electrons so that the total positivi
neutralized by the total negative charge of electron:
removing the electrons from it or by supplying the
this process because electrons have to be removed
forces. This work done is stored in the body in
charged body has the capacity to do work by n
attraction or by repulsion. This ability of the ché
electric potential. ¥

Thus, the capacity of a charged body to do wi
The greater the capacity of a charged body to do
potential. Obviously, the work done to charge a b
electric potential, i.e., .

¢ W W
Electric potential, V = —gﬁc—dqﬁs e
arge O

The work done is measu
Therefore, the unit of el
(V). If w=14, Q

ured in joule and h
ectric potential will be
le,thenv=1/1=1yﬂ1 JC

: ay th
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It is the diffe |
rence in electr ,
cal potenti S
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ELectrIC CIRCUITS 3

It is .also. dcﬁr}ed as the fqrce which causes the electric current to flow in a
closeri1 E;rcuxt. It is nileasured in Volts’. Let V_’and vV, be the potentials of points
‘@’ an ’ respectively with respect to ground. Then V,_ is the i i 1

- . t
with respect to point ‘a’. Thus, l potenis SR

Vi * V=V
Electric current in any circuit always flows from higher potential to lower
potential.
1.5 Electromotive Force [E.M.F]

The electrorr_lotwe force is the pressure or voltage which causes an electric
current to flow in a circuit.

Unit of e.m.f. is Volt’.
1.6 Power and Energy

Power of a _machine is the rate of doing work. Usually unit of power in electricity
is watt. Watt is the unit of power which is the product of voltage and current.

¥ 'l

Let P=power, V=Voltage, I=Current, R=Resistance
2 2asll

Then P.; 1 VI:IQR:% - el

In case of motors or engines, power is generally expressed in

1 HP (Metric) = 735.5 watts '

1 HP (British) = 746 watts E‘.

Energy of a body is the capacity for doing work. Electrical ene:
expressed in joules and kilowatt hour.

Kilowatt hour is practical unit of electrical energy and is ge

unit of electrical energy.
Kilowatt hour = Power in kilowatt x ‘C{'

1.7 Resistance

Resistance may be defined as that property of a
substance which opposes the flow of an electric current
through it.

Unit of resistance is ohm [Indicated by Greek lett

Definition of Ohm

A conductor is said to have resistance of one ohms
current of one ampere flowing through it produces heat &

second.

(8

er ()
T 32

S
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4 EvLecTrIC CIRCUITS

The circuit symbol for resistance appears in figure wi
for resistance [R].

1.8 Ohm'’s Law

At constant temperature, the ratio of potential differe

ends of a conductor and the current flowing through it rem :
s and T’ is the current in amperes,

nce applied across the
ains constant.

If 'V’ is the potential difference applied in volt
Ohm’s law can be written as

\Y4
T = a constant = R

where ‘R’ is known as the resistance of the conductor. 1

5

1.9 Plotting Ohm's Law

The Ohm's law formula I = V/R states that V and I are directly propo_l‘tlonaéxf
any one value of R. This relation between V and I can b¢ analyzed _by us.g . y
resistance of 2Q for R, as in Fig. Then when V i he meter | =
directly proportional to V For instance. with
is 5 A; an 8-V potential difference produ

All the values of V and I are listed in t
values are one-half the V values because R i

applied.

I Volt

4 5

2

o 4

V=0 to 12V R, =20

0 6

8

10

12

(a)

Figure - Experiment to show that
same R. (a) Circuit with Vvariable V b
V. (¢) Graph of V angd | valu
shows a direct proportiop betwe

Tl'.1e voltage values for V are mi
abscissa. The current vajyeq I are offl
on th

Scanned with CamScanner

if we tak

Becau
The inde
the resul
which is
ordinate.

The t
distance!
here, 2-\
point at

The p
lowest pi
point is ¢

A line
with R co

=AM



ELEcTrIC CIRCUITS

distances on each scale represent equal
here, 2-V steps are chosen, whereas the
point at the origin is the reference.

changes in magnitude. On the x axis
y axis has I-A scale divisions. The zero

The plotte<_:1 points ir} the graph show the values in the table. For instance, the
lowest point 13‘2\/ horizontally from the origin, and 1 A up. Similarly, the next
point is at the intersection of the 4-V mark and the 2-A mark.

A line joining these plotted points includes all v
with R constant at 2Q. This also applies to valu
if we take the value of 7 V up to the straj
shows 3.5 A for 1.

alues of I, for any value of V,
es not listed in the table. For instance,
ght line and over to the I axis, the graph

Volt-Ampere Characteristic

The graph in Figure c is called the volt-ampere characteristic of R. It shows
how much current the resistor allows for different voltages. Multiple and submultiple

units of V and I can be used, though. For transistors, the units of I are often
milliamperes or microamperes.

1 Ay
Linear Resistance y

The straight-line (linear) graph in Figure shows that R is a linear resi
linear resistance has a constant value of ohms. Its R does not change
applied voltage. Then V and I are directly proportional. Doubling the valu
from 4 to 8 V results in twice the current, from 2 to 4A. Similarly, three
times the value of V will produce three or four times I, for a proportional
in current.

i

Nonlinear Resistance

This type has a nonlinear volt-ampere characteristic. As an exa
resistance of the tungsten filament in a light bulb is nonlinear. The
that R increases with more current as the filament becomes hotter.
the applied voltage does produce more current, but I does not in
Same proportion as in the increase in V. Another example of a no
is a thermistor.

1.10 Resistivity

The resistance ‘R’ of a conductor depends on the following factors.
1. Material

The resistance of a conductor depends upon its material.
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an copp<t-
Silver is a better conductor th adl
e.gng“ th p mater
Tron tor is directly proportional to the length ‘T of

The resistance R’ of a conduc |
.8,

conductor. o £ %t ;
3. Cross-Sectional area . . - E o
The resistance R’ of a conductor is inversely proportional to Cross-sectiong o4

‘A’ of the conductor.
area ‘A’ of o 8% Salh o
4. Temperature ‘ £ |
The resistance of metals and alloys increases with increase In tet:nper-a \ currer
But the resistance of Carbon, Silicon, and insulators decreases with rise jy A cha
temperature. oy
There
From (2) and (3) we have i |
R 5 electr
WA
B p-l

where p (Greek letter rho) is the con
resistivity or specific resistance of the n

Since

Therefore

IfA=1m?andl=1m
Then

Therefore, specific resistance is
and unit area of Cross-section.

Unit of resistivity is Ohm-meter

1.11 Conductors and Conductivity
Conductance is the Property of g
h it easily, Condu

ie., Conductance,
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Evrectric Circuits 7

where o [Greek letctt.f:r Sigma] is the specific conductance or conductivity of the
: material. Conductivity is the reciprocal of resistivity.
the ||
| ; 1
1.€., o ks =
P

Unit of conductance is mho.

Unit of conductivity is mho per metre.

1.12 Inductors

A wire of certain length, when twisted into a coil becomes a basic inductor. If
current is made to pass through an inductor, an electromagnetic field is formed.
A change in the magnitude of the current changes the electromagnetic field.
Increase in current expands the fields, and decrease in current reduces it.
Therefore, a change in current produces change in the electromagnetic field,
which induces a voltage across the coil according to Faraday’s law of

electromagnetic induction.

The unit of inductance is henry, denoted by H. By definition, the inductance is
one henry when current through the coil, changing at the rate of one ampere per
second, induces one volt across the coil. The symbol for inductance is shown in
Figure.

The current-voltage relation is given by

di
v=L—
dt

where v is the voltage across inductor in voits, and i is the current
inductor in amps. We can rewrite the above equations as

diis ~1-vdt
I

Integrating both sides, we get

t % 1 t
.!dl:E_(‘;th

i(t) - i(0) = %jvdt
0

i(t) = %—jvdt +i(0)
0

From the above equation we note that the current in an in
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8 ErLectrIC CIRCUITS

i initial current in th
integral of the voltage across its terminals and the :

upon the .
coil, i(0) |
The power absorbed by inductor 18

'—Lig—i atts
sigiem T o

The energy stored by the inductor is
¥
W= J’ pdt
0

T . L'2
a ILiEdt=—1—
A 2

From the above discussion, we can conclude the following.

@ The induced voltage across an inductor is zero if tl}e cgrrent through itis
constant. That means an inductor acts as short circuit to dc.
e e

@A small change in current within zero time thro
infinite voltage across the inductor, which is p.
fixed inductor the current cannot ch

@ The inductor can store finite amount
the inductor is zero, and

@A pure inductor never dissipates e
also called a non-dissipative pa: SSiv
dissipate power due to internal r

1.13 Capacitors

Any two conducting surfaces sep
property of a capacitor. The condu
insulating medium is called dielectri
electric field that is established by
The electric field is represented by line
chgrges, and is concentrated within
unit voltage that is capacitor can st
of Capacitance is Farad denoted by 5
capacitance when one coulomb of char
The symbol for Capacitance is shg

-'
C

A capacitor jg said 4
. to ha Ve
unit voltage angd the Capacitanc
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ELecTrIC CIRCUITS 9

e C=%,orc=g-

(lower case letters stress instantaneous values)
We can write the above equation in terms of current as

i= Civ' ('.’ i= -E-ig-)
dt dt

where v is the voltage across capacitor, i is the current through it
1

dv = —idt
C

Integrating both sides, we have

dv = idt

© Sy -+
© Sy ¢

1

Q
1 t

v(t) = v(0) = = [idt
CO

v(t) = -éjidt +v(0) 28
] |

where v(0) indicates the initial voltage across the capacitor. j"

From the above equation, the voltage in a capacitor is depen
integral of the current through it, and the initial voltage across i

The power abosrbed by the capacitor is given by

= .=VC-—
Poib .

The energy stored by the capacitor is
t t dV v
W=|pdt=|vC—dt
et i

w = _]_‘.Cvz b {5d ,‘Jr.m "
2 O agie visas i
From the above discussion we can conclude the follc

I The current in a capacitor is zero if the volt
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5 pen circuit to dc-

; acts as an o - 3
paCltOr n zZero time glVes .| 15

Ca . .
that means, the st Fithi

aci : ¢
in voltage across a cap : :ch is physicall
2. gnsr?nagilnci}t]:nfsrlrent through thehcapfat:;teo(r:;u:f;;c(:hange abmpﬂy? q
i itance the vO -
impossible. In & fixed capacil : 5
= amount of energy; even if the current oo

3. The capacitor can store a finite
through it is zero, and o 1
: is
i ver dissipates € stores .1t, t }Nhy o
4 A pure capacitor ne phys1ca1 capaiinl =

it is called non-dissipative passive el
ternal resistance.

nergy, but only
ement. However,

dissipate power due to in

1.14 Active and passive sign convention | |
mply a methodology for designating

al circuit components for the purpose

Active and passive sign convention is si
positive and negative terminals on two-termin

of easier circuit analysis.

Active Convention
onvention is used for devices that deliver voltage to a circuit, for -
instance, batteries or discharging capacitors. For active components, the sign
convention is very clear: the positive terminal is the terminal that deliver current
(i.e., current flows out of it) and the negative terminal is the terminal that current
flows back into. On most components these terminals are clearly marked and
reversing them will provide a negative voltage. B —

Active sign ¢

The following figure illustrates the active ¢

Current

i direction
+
Active

Passive convention

convention does not
the circuit, Mainly
terminalg uniformlj’r.
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1.15 Energy Sources

According to their terminal voltage-current chara
sources are categorised into ideal voltage sources
Further they can be divided into independent and de

cteri_stics, electrical energy
and ideal current sources.
pendent sources.

An ideal voltage source is a two-terminal element in w
completely independent of the current i through its termin
of ideal constant voltage source is shown in Fig.(a).

i i, (t)

hich the voltage v, is
als. The representation

"S -Q —P O \!s‘l
vl
-x
= +
T ®
G s, o
) o) 0 i_s
(a) (b) (c)

ME

If we observe the v - i characteristics for an ideal voltage source as shown in
Fig. (c) at any time, the value of the terminal voltage v_ is constant with respect to
the value of current i. Whenever v = 0, the voltage source is the same th:
short circuit. Voltage sources need not have constant magnitude; in many ca
the specified voltage may be time-dependent like a sinusoidal wavefor
may be represented as shown in Fig.(b). In many practical voltage so
internal resistance is represented in series with the source as shown
In this, the voltage across the terminals falls as the current through it

as shown in Fig.(e).

i
R —p A
oAV s -0 +
vt
) 1
L s
@ -

The terminal voltage v, depends on the source ¢
where v, = v_-1 R. -
An ideal constant current source is a two-terrﬂnql etl : s'
current i, completely independent of the voltage v_across its term
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ources
s We can have curre_nt SThe .
o with time zs(t}.

%
current varies

X
shown in Fig.(f). L A
L v, ¢
-—'_"—_——_-_—-_ 3
1!
VS
w (@
> ;
\ il R 1.16 Serie
i
in Ad.c. s
(® : rrent source as shown i
_i characteristics for an 1'd<.eal Clrtstant with respect to the so that 55
If we observe Fhe I:he value of the current 1,18 COt he resistance is in paralle] the currer
Fig. (g), at any.turlr:lemany practical current sources, cude of the current falls as but the wv¢
voltage across 1it.

: i magni
with a source as shown in Fjlg.(h).. In thlse’;heI & tg-lminal
the voltage across its terminals increas .‘.’en v Em
shown in Fig.(i). The terminal current 1s gl 2% Lt
internal resistance of the ideal current source.

SIGER

v-i characteristics is
(v/R). where R is the

—

(h) b

The two types of ideal sources we have d
which voltage and current are independe:
the circuit. In the case of dependent sour

fixed, but is dependent on the voltage or e
in the circuit. :

Dependent or controlled sources are of
(i) voltage controlled voltage source
(ii) current controlled voltage sour
(iii) voltage controlled current source

(iv) current controlled current SOue

These are represented in a cirey
Ypes of sources mainly occur in th;

Scanned with CamScanner



e ELecTrIC CIrcurrs

is

13

1.16 Series Circuit

A d.c. series circuit is that in which the resistance are connected end to end,
so that they form only one path for the flow of electric current. In a series circuit
the current through all the resistances connected in series remains the same,
but the voltage across each resistance is different.

R,

D

pAA
P

LU )

\'4

Figure shows three resistances R,, R, and R, are connected in
voltage source V. Let I be the current flowing through the circuit.

Voltage drop across each resistance is given by Ohm’s law.
V, = IR, [Voltage across R,]

| V, = IR, [Voltage across R,
; » V, = IR, [Voltage agross R,]
. The sum of all voltage drops is equal to the applied voltage V’. E
) ie., V = V,+V,+V, ol

V = IR, + IR SER
V = R, +IG + R
But L g .
Hence R = R;hRy+Ry sl
where R is the resistance of the total series circuit.
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14 ELectriC CIRCUITS

1.17 Voltage Divider Rule

single element or &
d without first finding the

ation of elements in a seriey

bin Seriey
i current if the voltage divide, .

The voltage across a

e ' i twork.
circuit can be determine | s the e following % ¢
rule is applied. The rule can be derived by analyzing
The total resistance, R = R, *+ R, it 3
iy
[ Ry
\Y R, = R,V where'd
Vl i IRl e RT 1 o
3 The total
R, = RaY . Then
Ya. ° Ra” iyl wiRe ,
The voltage divider rule states that the voltage across a resistor in series circuit
is equal to the value of that resistor times the total imprqssed voltage across
series elements divided by the total resistance of the series elements. congn

Potential Divider - correspond

A high resistance connected across supply m
a constant voltage supply is called a potential

1.18 Paraliel Circuit

A d.c. parallel circuit is that in which a nun
such a way that the starting ends of all t
finishing ends of all the resistances are
voltage across each resistance is the same b
from each other. '

Figure shows three resistances Rl, R2 i
from a d.c. voltage source V. 3

I, is th'e current through resistance ‘ !
R; and I is the current through resistance

Then o l’_ :
1 R, V(}1 3

where G, = — ; £
1S AR AN the conductance of R
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L4
Q7

1
where G, = R_2 is the conductance of R,

1 %
where G; = —é— is the conductance of R,.
3

The total current I is equal to the sum of individual currents in each branch.

Then L =g1, F1, +1,
Lgss -y-—+_y_+l_ ___________ (]_)
RI R2 R3

I = VG,+VG,+VG,
If ‘R’ is the equivalent resistance of R}, R, and R, in parallel and G is the
corresponding total conductance and is equal to 1/R. - oo nene

1 =
Herces =

Comparing equation (1) and (2)

\V4 N

B e 1 . =i
R R, Ry Rj
1 L
R R; R, Rj

G = G{+G,*+G; ‘
connected in parallel, the

When a number of resistance are
by the arithmetic sum of tl

total or equivalent resistance is given
their individual resistances.

When there are only two resistances conne
resistances R is given by the formula :

1 1 1k =3

. —t—

R PSR

cted in i
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16
R]RQ
R e +R
Therefore R, 3 s tollowing network.
or

le 1. Determin€ the total resistance 7

Examp @ .
i 4 ‘% ) | Inwords,:
% ¢ 1 totgl resistar
Q 50 9”4 P resistance of
s i & %% & _ For the cu

” |.0
— >
J7s
gprhivgpi iy ¥ _1_+1+l 5 %\s and for I,
I ER'Rgmdree
R 1 2 3
= 0.5+0.25+0.2 = 095 w

k. . De'tﬂ‘s
1 & The follow
Therefore R = 095 - 1.053 Q o |

. = - Ce1 ﬁ"“.‘ ‘ 1 conmm h
The above example demonstrate an interesting fmd j €rist T
parallel resistors. The total resistance of parallel resistors .
value of the smallest resistor. r

1.19 Current Divider Rule

The current divider rule will determine how the
branches will split between the elements. For t
current will divide equally. For elements with
resistances, the greater the share of input c

Consider the following network.

I

'LII llg ¢l3

1 R, R,

The input current | o \4 T
' Wals 2 where R is ¢

branches.

Substituting v = | B 3 )
int il
through a paralle] branN gh ofor:hsi‘:tai Dove

.
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e \, / R R
i R
Therefore, I, = — i i
ore, I R I which is the general form for the current divider rule.

In woxjds. the current through any parallel branch is equal to the product of the
total resistance of the parallel branches and the input current divided by the
ance of the branch through which the current is to be determined.

resist
| For the current I,,
!
;[ (O EI
1 R,
and for I,
R
I, =
2 R,

1.20 Delta-Star Transformation

The following figure shows three resistors R;,, Ry3 and R, connected in the
form of Delta. This delta network may be replaced by equivalent star network
constituted by resistors R;, R, and R, arranged in the form of a star.

Delta network

RI’Z 'R.’!l

R] i R|2 "*'RQS +R3l it }
f) i ié‘u ll‘/
Ry g
Rz i R]2+R23‘+‘R31 B \_-‘ )
R23 'Rﬁl
t of adjacent tWo

may be stated as the produc

a-star conversion LE 3
c the sum of all the three rcsxamcagaf”’the

The rule for delt
ork divided by

resistances of delta netw
delta network.
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nsformaﬂon

1.21 star-Delta Tra
; figure shows

network may

The following :
and R.’il arranged in

of star. This star B
by resistors Ry £23

3

Star network

R, = R;

R1R2 e R2R3 A R3R‘l
Rys = R,

R;R, + RyR; + R3R,
R31 = R,

1.22 Electric network

It is a combination of various elements connected t

path.
Active elements

to the network,

Active elements are voltage or current sources whi ‘*

Passive elements

Passive eleme
Resistors, Induct

Node

nts either absorb or stor
ors and Capacitors.

A node of

network i
elements are o

joined,

e the ene

-0y
O

quipotentig] surface

f a delta.

s

. | | Thus, in
e % node. Simil:

Junction

A juncti
are joined.
junction is
at it. Simil
- V,and V.

Sdelal
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R I
A 1 1 B 2 ;__IC

I

3

V, R G
-1 R i I 2

3

D
Fig. (a)

Thus, in Fig. (a) circuit elements R, and V, are joined at/A and hence, A is the
node. Similarly, B, C, and D are nodes.

Junction

A junction is that point in a network where three or more circuit elements
are joined. In Fig.(a), there are only two junction points, B and D. That Bis a
junction is clear from the fact that three circuit elements R, R,, and R, are joined
at it. Similarly, point D is a junction because it joins three circuit elements )

V, and V. All the junctions are the nodes but all the nodes are not junctions
Branch

A branch is the part of a network lying between two junction p )i
referring to Fig. (a), there are total of three branches, BAD, BCD,
branch BAD consists of R, and V, the branch BCD consists of R,and V,,
BD merely consists of R,. }
Loop
A loop is any closed path of a network. Thus, in Fig. (a), ABDA

ABCDA are the loops. ‘

Mesh

A mesh is the most elementary form of a loop and cannot be fu
into other loops. In fig. (a), both loops ABDA and BCDB are mesh
cannot be further divided into other loops. However, the loop AB
called a mesh because it encloses two loops ABDA and BCDB. A

loops but all loops are not meshes.

1.23 Kirchhoff's laws

AR T S
Kirchhoff’s law enable us to calculate the current ﬂm’wmg
of a network as well as the voltages at various points of the
are given by Kirchhoff’s are the current law and the volt:

1. Kirchhoff’s current law (KCL). It states that the
meeting at a junction in a network is zero. In other word:

o v =T
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al to the sum of

om a junction is equ

rds the junction.

figure where in there
and I meeting at a

ntering into the

junction

f all of

flowing away fr
currents flowing towa
trated in

I, Iy
urrents €

This law is illus
are five currents I}, L,

n. Assuming the ¢ !
positive and currents leaving the

We can take the algebraic sum 0
d equate it to Zero.

junctio
junction as
as negative.
these five currents an
11-12+13+I4-15=O

s the sum of
flowing away from the junction.

(a) A

Also we can write KCL a currents flowing towards the junctig

equal to the sum of eurrents
L+ +I,=L+];
2. Kirchhoff’s Voltage Law (K.V.L.). For any closed pathin a network, Kirchhof
voltage law states that the algebraic sum of the voltage is zero.
-~

In o?her words, KVL states that the
algebraic sum of the potential rises and
drops around a closed path is zero.

In. the above figure, we can trace a
continuous path that leaves point ‘a’
thropgh R, and returns through E without ——
leaving the circuit. Therefore, ‘abca’ is a
closed.loop. A plus sign is assigned to pl
ggtentti.all r;se (- to +) and a minus sign to :

ential drop (+ to -). If we follow th
current in the figure from point ‘a’ we fi ; '
35;;8;123 lillfld then another potential drlt;spt ;1’1001111 >

ce, we have a potential rige E ( t203fi 0SS

According to Kirchhoff’s law

4

-+ — Vl - v2 =0
i.e., E L~ V 4 ]
The potentia] j 1 V2 ]
_ impr,
drops within the cig::uei?;sed Thithe circuit by the ba

In the above circuit v
1

=IR and v, =
R
e IR, +
mple. 1. For the follow'lng1 ir:.'ui
c
t

§

(a) Determi
ne V :
2 USing Kil‘chh
off’s Voltag
=

(b) Determine I
'J
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z; Appirrng Kechwl's voltage law
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¢ CIRCUITS

ELECTRI i
- ing KVL to loop © chW+ L) = 0
g
G 15-1010 'l 15 "= 1557 51;
= 3=l
; 3 P e T, SN SE (1) l
1ies; 311 5 I2
ABDA gives
. KVL to 100P 3
Applying Lo BT 5(1, + 1)
51, + 2047 %= 10 -
I, + 41y = 2miageEas-Capss
e get)
On solving Egns. (/_1) and (2) we g ‘
| 13 ,
10 ! TSR | 1
10
Current through resistor R, = = A
8
Current through resistor R, = = A
13
Current through resistor R = LAl
. 11

3. Inthe circuit shown in figure, Determine the dire
in each of the batteries. 5

Applying Kirchhoff’s Voltage law to loop ABEFA,
30—1112—6{Il+12)—10 0
6, + 171,

Applying KVL to loop BCDER
~6l; + 20~ 2I, - Lok 111, - 30

.!'i

i

121, - 111,

Solving Eqns, (1) and (2) we get
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) Current through 20 V battery = 0.185A
, Current through 30 V battery = 1.11A
Current through 10 V battery = 1.295A

Matrices and Mesh Currents

When KVL is applied to the above network the following three equal
obtained. For the closed loop FGLMF

R, 1yt Rl slabat il

i.e, (Ryt Rp) L = Rad o S )

For the closed loop GHKLG
R, + Ry (I-T5) + R —
i.e., =Rpl; + (Rg + Ro + Ro) L = R L
For the closed loop HIJKH
Ryl + Ryfty= I ane=ore\gy
ie,-Rpl, + Ry +Rgll; = -V, = ol :
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24 Erecrric CIRCUITS

Placing the Egns. (1), (2) and (3) in matrix form

- V,
R, +Rp ~ R 0 I &
ey Rn R[-_‘ + RC + RD =2 RD 12 = V
O = RD RD = RE 13 cd b

foll ]
W i eneral form as Oowg
The elements of the matrices can be indicated in &

R;; Riz Ria||h
R;; Rz Ras ¥
Rs; Raz Raa]lls g ol

esistances u Wh
Now element R, ; (row 1, column 1) is the Surrio}i atnsrimilarly, elements R__ ,
mesh current I pé.lsses. In the figure, this 18 Rf:ich IB and 1, respectively, pagq
R,, are the sums of all resistances through W 2
mn 2) is the sum O
The sign of Ry, 18

Il

Si

f all resistances through w,
<4+’ if the two currents are iy
if they are in opposite directig,
I, and I;; and the

Element R,, (row 1, colu
mesh currents I, and I, pass. 11 2o
same direction through each res1§tance, anmmon ol
In the figure, Ry is the only resistance CO A K
directions are opposite in Rg, SO that the sign ‘
and R,, are the sums of resistances comp,

by the subscripts, with the signs determj; ;

Ex
Similarly, elements R,;» Ryss Ri;3

to the two mesh currents indicated
as described above for R ,. | |
The current matrix requires no explanation, since the elements are 1in a siny
column with subscripts 1, 2, 3, .... to identify the current with the correspong
mesh. These are the unknowns in the mesh current method of network analyg

us

Element V, in the voltage matrix is the sum of all source voltages driving me
current I,. A voltage is counted positive in the sum if [, passes from -’ to the
terminal of the source; otherwise it is counted negative. In other words, a volf;
is positive if the source drives in the direction of the mesh current. !

1.24 Determinants and the Maxwell's Mesh current method .

_The matrix equation arising from the mesh current method may be so!
Vc’flI‘lOLIS teChniqueS' One of these; the method of determinant: ») —
will be presented here. ol "

”,I o
The. unknown current I, is obtaii
denominator determinant has the e

be referred to as the determinant of

The numerator determinant has
columns, where the elements of s
of the coefficients. Thus
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Similarly,

Rll lQIZ Vl
= P R21 R22 v2
R31 R32 V3

Example 1

Calculate the current drawn from the source in the network shown in figure
using mesh current method.

/ 5 ( \')
>— =

O

60V 120 6Q >120

Applying KVL to each mesh,
60 - 7 1,-12.(k - 15) =
191,121, = Gl

-6(1, — I;) —12 (I, - I)

121, - 184, +Galg
-121,-6(15-1,) =

Putting the equations in matrix form,
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m——_ |
as before,
is generall
the super

. supermes
., Creamer’s rule, W€ B ke
Using o 19 =12 0 i e
= 6\ X ; ’
! 1;2 ] +/-—12 . fccr and 2. 1
. 20 =
Exalj s : com
e ons for the following network and fin o

Write the mesh equati
40 resistor?

Applying KVL to each mesh results in

6L+ BT T =2 =
fo, MLl e A2 gl (1) =
30, -1,)4#41, =10
ie, Ao+ =10~ T4 ..o (2) 3
Pulling the equations (1) and (2) in matrix form e 111
9 518 |k 42
[#3 7J[IJ 2 LOJ ' -
42" =3 9 - unki
o /10 ’7/+/_3 7/ = 324 + 54 = 6A =
Fig.

3 9 2. 19 =8
Current through the 40 resistor =
Current through the 30 resistor

1.25 Supermesh Analysis

Suppose any of the p
. ‘ ranches in th,
slightly difficult to apply mesheznlzl s
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ELecTric Circurrs 27

as before, and then relate the source current to the assigne 3

is generally a difficult approach. One way to overcome thEi;s dciiﬁl:gisi?yci;xrbrents. 1T¥“s

the supermesh technique. Here we have to choose the kind of s;u;::?a(rar'r}:éJ imi

supermesh is constituted by two adjacent loops that have a common current s:uxl

As an example, consider the network shown in fig. b
Here, the current source I is in the common boundary for the two meshes 1

and 2. This current source creates a supermesh, which is nothing but a

combination of meshes 1 and 2.

—

=g
et

R,I; + Ry(I,-15)

or R,I, + R~ R,I;

Considering mesh 3, we have
Ry(I,-1) + Rz =0

Finally, the current I from current source is equal to the difference between

two mesh currents, i.e,
I, -1 = 1

We have, thus, formed three mesh equations which we can solve for the three

unkhown currents in the network.
rrent in the 5Q resistor in the network given in

Example 1. Determine the cu

§ Fig.
a b
%109 1,
Y 3A
3Q
T N e e
$50 1

. -l

|/
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Erectric CIRCUITS

The current so

The current in the 5

. The current in th

From the first mesh, 1.

& abcda, W€ have e
50 L5 REE, 12) + 5ik; ?1)
o o SEERT B WA AP
o i " supermes

e second and third meshes,
10(1,-1;) + st S Pag 5(1,-1;) ¥
~158; +12 I + oy
urce is equal to the diffe
=15

Solving 1, 2 and 3, we have
B - 19.99A, 1, =

() resistor

= 0

= 2A

e 5 Q) resistor is 4.66 A.

e

3Q

I L
20 %19

rence petween

........
awes

.....
........
see

the currents I,, I, and L;.

11 and 111 mesh cury

Fig. and dete:

From the second mesh, we have

3(I,-1,) + 2 (L-1;) + 10
=3I, + 51, =21,

From the third mesh, we have
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Solution. In Fig., the current source lies on the perimeter of the circuit, ‘,

the first mesh is ignored. Kirchhoff’s voltage law is applied only for second g
third meshes.

From th
From th

1.26 Nod
Nodal :

Nodal
voltages a
as circuit
solve sin

To sin

voltage s
section.

In no
Wlth 2 BF |

Steps

T. “Bel
rer
ref

2. Ag
th

<, S~
V(

We




ELeEcTRIC CIRCUTTS

10A

From the first mesh,

From the above three equations, we get
L= 10AL,; = 7.07 A; L =81 84

1.26 Nodal Analysis
Nodal analysis is also known as the node-voltage method

Nodal analysis provides a general procedure for analyzing circuits using node
voltages as the circuit variables. Choosing node voltages instead of element voltages

as circuit variables is convenient and reduces the number of equations one must

solve simultaneously.
To simplify matters, we shall assume in this section that circuits do not contai
voltage sources. Circuits that contain voltage sources will be analyzed in the next

section.

In nodal analysis, we are interested in finding the node voltages. Given a circuit
with n nodes without voltage sources, the nodal analysis of the circuit involves

taking the following three steps.

Steps to Determine Node Voltages

Select a node as the reference node. Assign voltages v,, v,,

v, to'iie
remaining n —1 nodes. The voltages are referenced with respect to the

e

reference node.
Apply KCL to each of the n - 1 nonreference nodes. Use Ohm'’s law to express

2.
the branch currents in terms of node voltages.
Solve the resulting simultaneous equations to obtain the unknown node

3.
voltages.
We shall now explain and apply these three steps.
T
Sy T
(a) (b) (©)

Common symbols for indicating a reference node,
(a) common ground, (b) ground, (c) chassis ground

The first step in nodal analysis is selecting a node as th
reference node is commonly called the ground sine
potential. A reference node is indicated by any o
type of ground in Fig. (c) is called a chassis grour
the case, enclosure, or chassis acts as a reference
potential of the earth is used as reference, we us
(b). We shall always use the symbol in Fig. (b).
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J age designaticns;:l
prgctric CIRCVT ode, we assign VoIt g(El)- Node 0 ig 4

nce n ’ Y Fig- 1
2 selected 2 r""ﬁzreexalmple, the circuit med voltages v, ang
e we have Consider, for d 2 are assign ith respect (ol
onc nce nodes-: o hile nodes 1 an s .deﬁned wi > Q
nonrefere node (V = ) :{ that the node voltages el the voltage rise g
€ - . : it 5 . o
rqt"e’i:;ﬁfé‘ . Kool o m:—lated in Fig. (a), each node vce a8 et ply the vole. ot
r_efsgenée node. As ltuu:h e corresponding non;eferen o
the re e node. .
the referegce w?toh respect to the reference i
of that node |
; In tern
"
i, )
g The th

As the second step, we apply KCL to each nonrefer
avoid putting too much information on the same .
redrawn in Fig. (b), where we now add i,, i,, a1.1d 1
R,, R,, and R, respectively. At node 1, applying

L = I+ i e

At node 2, S i3
We now apply Ohm’s law to express the unknos

of node voltages. The key idea to bear in mind is

element, by the passive sign convention, current
potential to a lower potential. |

Current flows from a higher potential to a lo
express this principle as ’

B Vhigher — Vil
R
We obtain from F ig. (b),

v, -0

l1 = T
Rl
Y, =~

12 = —-L._E
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Yo =0
1 * {.=
3 R, or i, G3v2

Substituting Eq. (3) in Egs. (1) and (2) results, respectively,

v, V-
L+—+-
1

A
R 3

In terms of the conductances, Eqgs. (4) and (5) become
= I, + G,v, + Gy(v,-V,)
L+ Gy(vi—vy) = Ggvp

The third step in nodal analysis is to solve for the node voltages. If we apply
KCL to n —1 nonreference nodes, we obtain n-1simultaneous equations such as
Egs. (4) and (5) or (6) and (7). For the circuit of Fig. (a), (b) we solve Eqgs. (4) and (5) or
(6) and (7) to obtain the node voltages v, and v, using any standard method, such
as the substitution method, the elimination method, Cramer’s rule, or matrix

inversion. To use either of the last two methods, one must cast the simultaneous
equations in matrix form. For example, Egs. (6) and (7) can be cast in matrix form

as
{rGl -+ Gz -G, Vi 11 -1
[ -G, G, +G; ||V, I
which can be solved to get v, and v,.

Example
Calculate the node voltages in the circuit shown in Fig. (a).
5A

O
fi=5 bi=:
-ill- 40 s -
AN\
oo Tl

bﬂ;

} Fig. (a) original circuit (b) circuit for analysis
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32 Ereerric CIRCUITS
Odal A1ialk 3
repar forn aly,
g of KCL- Except for y
he labeling of the currcntigeartham:{m':
that if, for example, W€ 25° 1, ente,
the resistor from the rig

must leave oh
and the node voltages v, and v, 5

Solution:

Consider Fig. (b), wh

Notice how the curren
branches with current gources, t
stent, we mean

consistent. (By consi j _
the 4Q resistor from the left-hand side, 1,
hand side.) The reference node is selected,

now to be determined.
g KCL and Ohm's law gives

ere the circuit in
ted for the

At node 1, applyin
Vo Va s 0
§ e S T e 4 — ]
11 1, T 13 4 noc
Multiplying each term in the last equation by 4, we obtain
20 = v,V +2v,
By, = et (1)

At node 2, we do the same thing and get

v, =V,

i, = Y +10=

Multiplying each term by 12 results in
3v,-3v,+ 120 = 60+ 2v,
~3v, +Jy, > L.

Now we have two si

: simultaneous Eq -
Q S. €
sing any method and obtain the values c(>11' )v -- ,

-

D 5
o use Cramer’s rule, we need to put Eq <
S.

[ 3 -1][v, o 3 \
—3 5 V2 = 60] ll
The determinant Of the =2 tnx

atrix is

8 -1

A=
-.3 5

= 15—3 - ‘7

We now obtain v, gng
1 v, as
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N ’20 —1]

i 100 + 60

kS - —% = 60 5 S i

i T T = 13383V
i 3 ls 20'

i i ¢l 180 + 60

? by _Az‘ = |3 69 - Y e 20V

‘ A

If we need the currents, we can easily calculate them from the values of the
. nodal voltages

th . _Vl—V;_. 7 v,
iy =508 12——4— = —1.GEGRA, 13=—2'=6.666A

.
=" TOAS TWISEEN & G 0N

i 5

The fact that i, is negative shows that the current flows in the direction opposite
to the one assumed. s
W

Nodal Analysis with Voltage Sources

We now consider how voltage sources affect nodal analysis. We use the circuit
in Fig. for illustration. Consider the following two possibilities.

CASE 1 If a voltage source is connected between the reference node and a
nonreference node, we simply set the voltage at the nonreference node equal to.

the voltage of the voltage source. In Fig. 3.7, for example,
vij o = DN L SR (1)

1
owledge of the

ben

Thus our analysis is somewhat simplified by this kn
this node.
CASE 2 If the voltage source (depende

two nonreference nodes, the two nonreference
supernode: we apply both KCL and KVL to deter

is formed by enclosing a (dependent or independent) vo
s and any elements connecte

nt or independent) is connec
nodes form a generaliz
mine the node voltages.

A supernode
connected between two nonreference node

with it.

1(1 '
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Brecrric CIRCUITS 7

Example
For the circ

Solution:

Fig. A circuit with a supernode The superr

than two nog Applying KCL
In Fig. , nodes 2 and 3 form a supernode. (We_ COF‘J: r;av:nr::)cg:s using '“- e
forminggé 'single supernode). We analyze a cir.cult m(zepst g} at the Supernodes.
three steps mentioned in the previogs section ext A nodel anatyain (SR
treated differently. Because an essential componen b clemant D no
KCL, which requires knowing the current thrggég?ne:gvance Howevee! RO
. ou . . ]
of knowing the current throggh a voltage s o Hences aithosaunstlil in g
be satisfied at a supernode like any other node. ) )

Expressing

. e - i “.‘-' ;
Lty =1,

- - v
Vi oV, N Ve e A
or + —==a

2 4 ¥ 8

To apply Kirchhoff’s voltage law to the supernode in
as shown in Fig. Going around the loop in the cle

—V2+5+V3=O :>V2—V3=5

From Egs. (1), (2), and (3), we obtain the node vo
properties of a supernode:

. . I8 ‘
1. The voltage source Inside the supernode provid
needed to solve for the node voltages,
A supernode has ng voltage of its own,
3.

A supernode requires the application of both KC
?
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Solution:

Expressing i, and 1, in terms of the node voltages.

Vi =08 )
2= 12 o 24 +7 = 8=2V1+V2+28

or

To get the relationship between v, and v,
Going around the loop, we obtain

2» We apply KVL to the circuit in Fig.(b)
V, ~ 2.+ Vo= 0
From Egs. (1) and (2), we write
Vi@ Vit 20 -20 - 2v,

3v1 =-22 = Wy =7 iBB3N

and v, = v, + 2 = -5.333 V. Note that the 10 Q resistor does not make any
differene because it is connected across the supernode.

(@
iFig. Applying (a) KCL to the supernode, (b) KVL to the loop
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PROBLEMS
5 ' '
o Using delta-star transformations, calculate the current I drawn fron Ans
battery in the following.

A 30 B" 20
g 50 e

20

<E
IOV—L‘" NS0 :
‘ 40 Applying KVL on
10 . 13
SO 1
Solution D 6Q
. - r
Delta ABE and DCE are converted into corresponding star networks as apriienibieg
in figure.

A 060 LS9 n

By solving eqn.
10V
>0 v
D Drus v e

(e

120 3@ -
CurrentI=10/3.8=2.63 A L R

/ Using Kirchoff’s laws determine
(i) Current in the 2.5 Q resiu.
(ii) Voltage across 1{) resistor.

48
L
a

3Q

g ¢

Sk
2
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’[P-—— A
I

>

ol

2€)
12V

Ly

Applying KVL on loop I,
12t 21 =181y = Tlyr=1}) 5
12-21, -3, -1, +1,-5
], SRIE
6L, ~11,

Applying KVL on loop II,
12-51 -41,-251,+3
15~=3] b .53
51, +i6:58;

By solving eqn. (1) and (2)

I

1

I 1.25%A

2
Hence, current through 2.5 Q resistor 1S WZD A

Then, current through 1Q resistor = I =
0.125A

So, voltage drop across 1€ resistor = 0.125x1

0.125V
internal resistance 2 Q is connected in parallel with a
d internal resistance 4Q. A load resistance of 6Q is
of the parallel circuit. Calculate the current in each

A battery of emf 40 V and
secondary battery 44V an
connected across the ends
battery and the load, by applying Kirchof’s laws.

Ans.
I, 40V 2Q

—4——{||l

(1)
L, 49V 4R

L —i]r

40 - (I, + 1)6 - 21,
40 - 61, - 61, - 21,
8l, + 6],

44 - 6(1, + L)) - 41,
-61, — 61, — 41,
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61, + 10 1,
By solving eq. (1) & (2)
We get,
11
1 2.54 A
84 | Tpghbye o= 5.64 A
So current supplied by 40 V battery = 3.1A
current supplied by 44 V battery 2.54 A
The current passes through 6Q load 5.64 A o520, The i

- i c

Battery A has an e.m.f. of 6V and an 1ntet_'1’131 reS:tat?vo batteries are connegg
vlaues of battery B are 5V and 3Qrespectively. The crent in each branch g
parallel across a 10Q resistor. Calculate the cu

network.
Ans. ‘11 A _2n+
. B s
&2

o =

Applying KVL to loop PQRSP gives
-6 + 21, — SIS
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ELECTRIC Circurrs 39

Applying KVL on loop ABCDA

2[1—]O+15__12 - 0
211 ! 12 = __5

Applying KVLbn loop ADCEA ST 5 TR (1)
12-15+25+50(11+12) )

By solving eqn. (1) and eqn. (2), we get,

I;=-1743 A & 1,=1.513A

Negative sign of I, shows that the current is flowing i
0
not out of it. ng into 10 V battery and

Total current supplied by 25 V source = -1.743 % 1 513 =<0 0808
Current of 0.23 A delivered from 25 V source,
Find the source current in Fig.

—Po— A
20 20
20 VEans 2Q
B ANV
1Q 30
C

Rpc X Rpp
Rl Rpc xRgp + Rpe
6
Similarly R ooai s 1Q
) 1
) -
B R

i

Then re-draw the above circuit using the star combt

2 0

20V 7
1/30Q wd

0.5Q
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EffeCtIVe reSiSta 3x Z— A
7€ Ryq = 054373 = 05+—32 - 181259 o ——
g+= @ Determine
Current supplied by the source e ¥ 82;)25 Pyl
e In fi —
' gure, find the value of R ing through it when ¢
185626 14 bl e and the current flowing gh he ¢ asy
A
ik ) 1.5 Q
4 Q R
c
e 5)
e — | Find th

10V 2L1n) shown i
Ans. Applying KVL on loop BAOB.

We get, =L 0t Al L =0,

Applying KVL on
-1, — 158

Substituting the

’

Voltage dro
Voltage drop a

So, unknc

Determine the
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Find the equivalent resistance between the termi
shown in Fig.
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42 Epectric CIRCUITS
etwork shown in Fig.

Find the current I in the n

5. r
’\ : i
8 Q 150
D .
<+ ]!7 "
I 100 V I [Ans. 15.41

6.  With the help of mesh current method, find the mag_nitude and direction of
current flowing through the 1 Q resistor in the following Q.%tw.‘?]ﬁ 2 "

2Q ¥ £

HE235 i

/ By mesh analysis, find mesh

2V :'
|
|
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8. By mesh analysis, find the current through 2Q resistor in the circuit.
1Q 50
@ B A [ [
6A I 20 D 1 10V
D E F
[Ans. 5.71 Al
9/ By mesh analysis, find the current through 100 Q resistor in the circuit.
v 20 O 30 Q 5
AW AWA—— —

60 V_TL 1A ‘b

O; Ay, HodE voltage method, find the current through 1
v 209 * T 128

\»)\ 2
AW
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