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CHAPTER

Basics Components and
Electric Circuits

1.1 INTRODUCTION

Electric circuit theory and electromagnetic theory are the two fundamental theories upon which all branches
of electrical engineering are build. Many branches of electrical engineering such as electric machines, control
system, electronics, communication and instrumentation are based on electric circuit theory.

A circuitis an energy or signal/information processor. Each circuit consists of interconnections of “simple”
circuit elements, or device. In other word we can say that an electric circuit is an interconnection of electric
elements. For example, a device (or circuit element) called a ‘'source’ produces a voltage or a current signal. This
signal may serve as a source of energy for the rest of the circuit, or it may represent information. Information in the
form of such voltage or current signals is processed by the circuit to produce new signals or new/different
information.

1.2 CHARGE

One of the most fundamental concepts in electric circuit analysis is that of charge conservation. We
know from basic physics that there are two types of charges : Positive and Negative. For the most part, this text
is concerned with circuits in which only electron flow is relevant. We continuously transfer charges between
different parts of a circuit, we do nothing to change the total amount of charge. In other words, we neither create
nor destroy electrons (or protons) when they are running in the electric circuits. Charge in motion represents a
current. The fundamental unit of charge is the Coulomb (C).

The following points should be noted about electric charge :

1. Asingle electron has a charge of —1.602 x 1019 C and a single proton has a charge of +1.602 x 10719 C.

2. Chargeis quantized, i.e., the charge on a body will always be an integral multiple of the elementary
charge.

3. Aconstant charge may be represented by either Q or g, but an amount of charge that changes over
time must be represented by the lower case letter q.

EXAMPLE : 1.1 How much charge is represented by 4600 electrons?

Solution :

Each electron has —1.602 x 10-1°C.

Hence, 4600 electrons will have, —1.602 x 10" C/electron x 4600 electrons = —7.369 x
10716C

MRDE ERSYH www.madeeasypublications.org solveghﬁignﬁfgé
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1.3 CURRENT

Electric current is the time rate of change of charge, measured in amperes (A). Mathematically, the
relationship between current i, charge g, and time tis

: aq(t)
i = =2 -(1.1)
The net movement of 1 Coulomb (1C) of charge through a cross section of a conductor in 1 second (1s)

produces an electric current of 1 ampere (1A).

The charge transferred between time t, and t, is obtained by integrating both sides of Equation (1.1). We

gets
t
qt) = [iat .(1.2)
lo
(as tis variable of integration and the limit of integration and variable should not be same)
EXAMPLE : 1.2 The total charge entering a terminal is given by g = 5t sin 4nt mC. Calculate the
currentat t = 0.5 s.
Solution :
dg d , .
TR (5tsin4nt) mC/s = (5 sin 4ni+20 mt cos 4nt) mA
att=0.5, i = 5sin2n+10ncos2n =0+ 10n = 31.42mA
EXAMPLE : 1.3 Determine the total charge entering a terminal between t = 1s and t = 2s if the

current passing the terminal is i = (32 - 1) A.

Solution :

2 2 1.2
Q= [idt=[@*-1)adt = (P——J
= 1

1.3.1 Reference Direction for Current

The direction of an electric current is by convention, i.e., - -
the direction in which a positive charge would move. Thus, the current h &
in the electric circuit is directed away from the positive terminal and Fig. : Current in a circuit element

towards the negative terminal of the battery.
Electrons actually move through the wires in the opposite direction of current.

A current can be completely described by a value (which can be positive or negative) and a direction
(indicated by arrow).

For example, a current of 10 A may be represented as positively or negatively as shown in below figure.

10A/%% ﬁ/
~10A
(a) (b)

www.madeeasypublications.org Solveghlfz?cgnglig;
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i=Ai i=AV, V=AY, V= Ai

(@) (b) (c) (d)

Fig.: The four different types of dependent sources
(a) Acurrent-controlled currentsource (b) Avoltage-controlled current source
(c) Avoltage-controlledvoltage source (d) A current-controlledvoltage source

e A different symbol, in the shape of a diamond, is used to represent dependent sources.
e Dependent sources are very useful in describing certain types of electronic circuits.
e A dependent source may absorb or supply power.

EEEE
OBJECTIVE 1A —r
BRAIN TEASERS * 4y -
- sa tOVo 4
Q1 Inthe figure shown below, when 12 coulombs of e e
charge passes through the element from Ato B, A
the energy absorbed by the elementis 60 J. The 15 V(D +T <;> 5/,
voltage V across the elementis ____ . Vo
- 2A

Q3 For the circuit element shown in figure voltage
and current are given as

V(1) = 200e°% sin 150tV and
i(f) = 10e0sin 150t A
i(t)

v(t)

(@) 5V

(b) -5V —p
(

(

c) 10V The power absorbed by the element at t =20 ms
d)y-10V (in watts) is

Q2 Inthe circuit showninfigure, voltage V; is Q4 Ifg=(10-10e2)mC, the current at t = 0.5s is
Volts. A.

MRDE ERSYH www.madeeasypublications.org Theory with
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For maximum power,
arP

=0
al,
2
= I = 25 A
3
= I,=2886A (As1,>0A)
A ®
—©
4A 3A
GVCi) 1A D 10v<t>
-6A
D
L
10V
Power supplied by each source
6 V source :
Psy =6x4=24W
4V source :
P,y=4x4=16W
-1 A source :

P,y=10x-1=-10W
(as voltage in parallel branches must be equal)

10V source
Py =10x3=30W
—6 A source
Pgpa=-6x10=-60W
So, P,a<0and Py, <0

Hence, -1 Aand —6 A sources are being charged.

B @

coon pacwsce P

MRDE ERSYH

=-10x3-6x3+16x9-P -48=0
= Py = +48 W
So, power supplied by Vs is 48 W.

16. [U)

3 ________
2 ________ e
A
ey b2l
2! A
0 5
1.2 3 4 5 6 7 8 9
A, A,
o
Charge, Q= A.fio’l‘ = Area under the curve

forO < t< 6s,
Q = Areaunder the curve for
t=0tot=06s
Q=A+A+ A+ A,
(Ais area under the curve)
= Q=-(2)x1+1x1+3x1-2x1
= Q=-4+4=0C

(0.5616)

Constant current,
I=4A
Terminal voltage,
Uty = (10 + 20V
where tis hour.
Time, t = 3hours

fa
V, _
aa +6V - s Energy, E= [Vv(t)I(t)dt
=56 {
_hanA 6A 3 3
- - = E= [(10+2t)x4dt = [(40+ 8t)at
1ov|:| 9A<D10v [] 8A 'g '(E( )
+ * * 3
N E- [4of+4f2]0 =120 + 36 = 156 Wh
3A ‘ = E =156 Wh
Let power supplied by V_ be P.. N E = 156 x 60 x 60 Ws
As the net power in a closed circuit, - 156 x 3600 J
Pt =0 = E=561.6J=0.5616kJ
EEEN
MRDE ERSY Theory with
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Basic Laws

2.1 INTRODUCTION

CHAPTER

The circuits studied in chapter 1 was interconnection of basis two-terminal circuit elements. A resistor
and the various sources are two-terminal circuit elements. In this chapter, we discuss Kirchhoff’'s voltage law
(KVL) and Kirchhoff current law (KCL), which govern the interaction of the voltage and current of interconnected

circuit elements.

2.2 OHM’S LAW AND RESISTANCE

Ohm’s law states that under constant temperature the apply voltage across
conducting materials is directly proportional to the current flowing through the material, or

Mathematically, V=IR

where the constant of proportionality Ris called the resistance. The unit of resistance
is the ohm, which is 1 V/A and is denoted by capital omega, Q.

VVVyv
Py

(2.1)

Lo

Fig. : Circuit symbol
for resistance

EXAMPLE : 2.1 An electric iron draws 2 A at 120 V. Find its resistance.

Solution :
From Ohm’s law, R =

where Ris resistance of electric iron.

2.2.1 Resistance

Materials in general have a characteristic behaviour of

resisting the flow of electric charge. This physical
property, or ability to resist flow of current, is known as resistance
and is represented by the symbol R. The resistance of any
material with a uniform cross-sectional area A and its length /,
as shown in adjoining fig. (a). We can represent resistance (as
measured in the laboratory), in mathematical form,

+
VSR
Material with ~ —
resistivity p
Cross-sectional
area A (a) (b)

Fig: (a) Resistor (b) Circuit symbol for resistance

www.madeeasypublications.org
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[
R= DZ ..(2.2)
where, p is known as the resistivity of the material in ohm-meters. The inverse of resistivity is called

conductivity and is denoted by the symbol c.

A resistor that obeys Ohm’s law is known as a linear resistor. It has a constant resistance and thus its
current-voltage characteristic is as illustrated in below fig. (c) its i-v graph is a straight line passing through the
origin. A non-linear resistor does not obey Ohm’s law. Its resistance varies with current and its i-v characteristic is
typically shown in below fig. (d). Examples of devices with non-linear resistance are the lightbulb and the diode.
Although all practical resistors may exhibit non-linear behaviour under certain conditions, we will assume in this
book that all elements actually designated as resistors are linear.

Slope =R Slope =R

(c) (d)

Fig. : The v-i characteristic of (a) A linear resistor (b) A non-linear resistor

The conductance of a circuit element is defined as the inverse of its resistance. The symbol used to
denote the conductance of an elementis G, where

The unit of conductance is the Siemens denoted as S. The other notation are mho or inverted omega U.

2.2.2 Sign Convention

To apply Ohm'’s law as stated in equation (2.1), we must pay careful attention to the current direction and
voltage polarity. The direction of current i and the polarity of voltage v must conform with the passive sign
convention, as shown in above fig. (b). This implies that current flows from a higher potential to a lower potential
in order for v = iR. If current flows from a lower potential to a higher potential, v = —iR.

2.2.3 Concept of Short Circuit and Open Circuit

Since the value of R can range from zero to infinity. So, we consider three cases:
Case-l: When R=0Q (Short circuit)
fR=0Q

1 —o = Viszero
R = I can be anything
(+ve or —ve)

then, G=

MRDE ERSYH Theory with
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Solution :

The 3 Q and 6 Q resistors are in parallel because they are connected to the same two
nodes ¢ and b. Their combined resistance is 2 Q. Similarly, the 12 Q and 4 Q resistors
are in parallel since they are connected to the same two nodes d and b. Hence their
equivalent is 3 Q. Also the 1 Q and 5 Q resistors are in series; hence, their equivalent
resistance is 6 Q.

Thus, the above network can be reduced to

10 Q 10 10 Q
ao MWW £ MWW ao MWW 7
R > > > > >
9 202 302 260> o 202 =30
< < < < <
bo bo
Req: 10+12 = 11.2Q
OBJECTIVE A
- 2 BRAIN TEASERS |\
>
S50
. . . o -
Q1 The value of / in the following circuit is equal to 12Q
AVAVAVAV
Amp.
<>
40 =200
vAvAvAv 2A <
+V, - -~
b _@_ >+ 7, Q
4v 202 7. 20316V >4V, %0 A
- -
12A - I
o
()
Q2 Inthe circuit as shown in Figure, value of current BA
lis Amp.
MM Q4 Inthe following circuit, the value of R (in Q) that
I 20 3@ 00 is required to deliver a power of 160 kW to the
P WW MW 16 Q resistor would be
30 3Q
T > +
2= eov(* +
< < <
20A RSV, 10V, =16Q
< <
Q3 Forthe given circuit, the value of current I equals
to______ Amp.
MRDE ERSYH www.madeeasypublications.org Theory with
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Q5 Consider the circuit shown in figure below. Let X
be a 4 Q resistor then power absorbed by Xis
P, and when X be a 6 V independent voltage

coon pacwsce P

MRDE ERSYH

Q9 The value of a in the network such that power
supplied by 9 A source is 180 W will be equal to

source with positive terminal at top, then power
absorbed by Xis P,. The value of P,/P, is . 2Q 1Q
1
\x
L CDQA
S
8A 102 34 [x]
2Q 2Q
Q6 In the following circuit, if the power dissipated A
by 2 Q resistor is 32 W, then the value of current N
ol
source I/, would be Amp. *
24Q . . . o
MW Q.10 The equivalent resistance F?eq(ln Q) looking into
terminal a-b of the following network is .
S ®-
403 DE 602
20 Q MWW
24 Q AVAVAVAV
AvAvAvAv AvAvAvAv a 200
4Q o—+¢ AW
> > 59
< < AvAvAvAv
t0Z 20 o
\AAAJ
>
Reg. 16 Q 2100
| AvAvAvAv 20 o -
Q7 The two electrical networks N, and N, are —e AW
. . 48 Q
connected through three resistors as shown in AAMA
. . . o— \AAA
figure. The voltage across 3 Q resistor is V. b
6V MWW
+AvAvAvAv 96 Q
2Q
N A S N Q.11 The values of current 7, and I, in the circuit of
1 \AAAS 2
40 following figure are respectively
\Y
A 7A
\AAA
30
. o s =
Q8 In the given circuit voltage V, across current = 2 Q 6A
source is \Volts. I
2 (i AAAA
40 VVVy
AAAA —>
VVVY V2 L 4A L
© g "z
3Q = S 3
Zs0 210 h SA
* T 0.6V, <
202V, (@ 5A -2A (b) 156 A, 22A
B () 5A 12A (dy 17 A, 10 A
MRDE ERSY Theory with
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= [=8—4x(-12) = 56A = 181 + 241, = 420
V. from (1) and (2) we get
and,  I= I+ 181 + (24 x 2.5)], = 420

= 42/=420 = [=10A

EN -o

(=12)

= 5 = Ig +

= [,=59A

LY’
N
=
-<
120 =°¢
a MWW d

>
60V =30 24
< a - b
b
7
o 2Q
© b
54
a '\6 Q b
A-Y | | Converter O/
8A

6/7 Q 6/7 Q
I v AAAA Va

>
>
>
>

(2)

\AAAl ‘a \AAA b
L 3A
S470 a ) b
303 T 60 v(*) 230 f%A
), 206 k- ©
202 ()\8A
® @ | o ~
L 3x2 6 ez R 320
1T 3+42+2 7 ;
7s
2x2 4 e
- —-—_Q d c
A= 34540 7720
R - 3x2 6 20Q
8T 3+2+2 7 o
By KVL in loop 1 Circuit can be simplified as,
(3 + 3 104 ﬂjl _(ﬂ + 2) I,=0 the current sources can be replaced by a single
7 7 source of, 9 A
=45/-18,=0 20Q15Q=4Qand4Q+12Q =16 Q
18 2 150
= —I =21 - 2Q-=
= eh=zh and 10 Q| 15Q= —=Q=6Q
= I=041, or I,=25] (1) and (6 +2)Q=8Q
By KVL in loop 2 16 Q
AVAVAVAV
6 4 4
—+-+2|-|=+2]|] =
(7 7 j 1 (7 ) =00 o)
o 24, 18, o .
- A A 180 I
MRDE ERSY www.madeeasypublications.org Theory with
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By current division,

= 9%
h 16+ 8

So, I=-I, = [=-6A

4. [G)

Power delivered to 16 Q resistor,
Pigq = 160 KW

We know that,
Pigq = 12 x 16 =160 x 10°

= 1& = 6/\

= £ =10%
= I=+100A
as, Power is delivered,
I=100A
I
+
20A R§§V\ 10V, §§16Q

[Considering current I as shown in figure]
and, also,

10V.I= P, =160x 10

108V, = 160 x 103

= V. =160V
From Ohm’s law,

V.= 20R
=3 160 = 20x R
= R=8Q

B -o0667)
For X be a 4 Q resistor,
By KCL, taking the node voltage as
1

X

N
3A [x]v.

-<
8A 1Q3

\AAAJ

Ve V,
—+—=+3-8=0
S0, 4 1

5V,
1 - = 5 = V = 4-V
4 X
Power absorbed by 4 Q resistor,
sz
ID1 = T = P1 =4 W

Electric Circuits

2025 Basic Laws 4 1

for Xbe a 6 V independent voltage source
Let/_be the current through element X, then,

6
By KCL, =+1, =5

I =-1A
So, power absorbed by 6 V source,
P, = +6 x (-1)
=-6W
R 4 -2
So, e —
R~ 6 3
P,

= — =-0.667
f)

2
6. [

Given: Power dissipated in 2 Q resistor,

P,o =32W

So, current in 2 Q resistor,
L [
27 \2Q

or I§x2 = Py

32
I = —_— = 4‘A
2 2
= I,=4A
24 Q
AAAA
\AAAJ
>
S40 CT I
<
AAAA AAAA
Yvvy vyvvy
4Q 4
<>
2955
AAAA
VVVYVY
4Q
U
< <R, =
6QSR, <D1s 3.7, 32°

Simplified circuit
Here, 24 Q || 24 Q, i.e., it can be replaced by
equivalent resistance of

MRDE ERSYH
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