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Basic Concepts

1.1 Introduction

Electric circuit theory is the most fundamental branch of electrical engineering. Other branches such as
power systems, electric machines, communications, control system and instrumentation are based on electric
circuit theory. Thus it is very essential to go through the basic concepts of circuit theory to understand the
electrical engineering.

We commence our study by knowing some basic concepts include charge, current, voltage, circuit
elements, power and energy.

1.2 Basic Terminology

1.2.1 Charge

Charge is an electrical property of the atomic particles of which matter consists, measured in
Coulombs (C).

According to experimental observations, the only charges that occur in nature are integral multiple
of the electronic charge (e = -1.602 x 1019 C).
The Coulomb is a large unit for charges. In 1C of charge, therefore

’
(1.602x107"°)

The law of conservation of charge states that a charge can neither be created nor be destroyed, can
be only transferred.

= 6.24 x 10"8 electrons

1.2.2 Current

The phenomenon of transferring charge from one point in a circuit to another is described by the
term electric current. An electric current may be defined as the time rate of net motion of electric
charge across a cross-sectional boundary. A random motion of electrons in a metal does not constitute
a current unless there is a net transfer of charge with time. In equation form, the current is,

-
at

If the charge q is given in coulombs and the time ‘'t

is measured in seconds, then current is measured in

Amperes. /\
A current that is constant in time is termed as direct t

t
current, or simply dc, and is shown in Fig. (a). \A \/

A current that vary sinusoidally with time is often (@) (b)
referred as alternating current as shown in Fig. (b).
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- E I Example-1.1 The charge in a capacitor is given by

1.3
=lv+=vV
-[r+57)
If the voltage across this capacitor be v(f) = sint, the current i(t) through the capacitor is
(a) (1 + sin? t) cost (b) (1 +sin?)
(c) (1 + cos? t)sint (d) sin?tcost
Solution:(a)
The current through the capacitor is, i = a9 = dq av
at adv dt
d
Now, Q9 (1 + v2) and av _ cost
av dt

i = (1+v?-cost
= (1 +sin? ) - cost

1.2.3 Voltage

e Tomove the electrons from one point to other point in particular direction external force is required.
In analytical circuit external force is provided by emf and it is given by,

_aw

_dgq
where a differential amount of charge dq is given with a differential increase in energy dw. The
quantity “energy per unit charge” or identically, “work per unit charge”, is given the name voltage.
Thus, the voltage across a terminal pair is a measure of the work required to move the charge
through the element.

e A voltage can exist between a pair of electrical terminals whether a current is flowing or not.
An automobile battery, for example, has a voltage of 12 V across its terminals even if nothing
whatsoever is connected to the terminals.

1.24 Power
e |[f potential is multiplied by the current, dg/dt, as

v

dw_dg_dw_
dg  dt  dt

the result is seen as to be a time rate of change of energy, which is power ‘0. Thus power is the
product of potential and current,

. .2 .
p=vi=—=iR | where R— resistance

° It is measured in Watt (W).

1.2.5 Energy

e  The capacity to do the work is called as energy. Energy as a function of power is found by integrating
equation (A). Thus total energy at time ‘t is the integral

W:jpm
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e The change in energy from time t, to time t, may similarly be found by integrating from ¢, to t,.
o It is measured in Joules or Watt-hours (Wh)
1Wh = 3600J

1.2.6 Electric Circuits and Network

° An electric circuit is an interconnection of electrical elements.

o Network is any possible inter-connection of circuit elements or branches. Circuitis a closed energized
network.

1.3 Circuit Elements

e Anyindividual circuit component (inductor, resistor, capacitor, generator etc.) with two terminals, by
which it can be connected to other electrical components.

o If the voltage across the element is linearly proportional to the current through it, then element is
called as aresistor.

e |f the terminal voltage is proportional to derivative of current with respect to time, then element is
called as ainductor.

o If the terminal voltage is proportional to integral of current with respect to time, then element is
called as a capacitor.

° If the terminal voltage is completely independent of current, or the current is completely independent
of voltage, then element is called as an independent source.

e  The element for which either the voltage or current depend upon a current or voltage elsewhere in
the circuit; such elements are called as dependent source.

1.4 Classification of Circuit Elements

1.4.1 Active and Passive Elements
° If we have a network element that is absorbing power i.e. energy delivered to the element

—oo

t
[I V(t)i(t)dl‘] is positive, then the element is passive element. Eg: resistor, inductor, diode and

capacitor.
° If we have a network element that is delivering power i.e. energy delivered to the element

—oo

t
[ j v(1)i(t) dl‘] is negative, then the element is active element. Eg: Independent sources, transistor

and op-amp.

NOTE: An active element can provide power or power gain to the circuit for infinite duration of time, that is
why charged capacitor or inductor are not active elements.

1.4.2 Bilateral and Unilateral Elements
° For a bilateral element, the voltage current relationship is the same for current flowing in either
direction. Eg: resistor, inductor and capacitor.

o For a unilateral element, the voltage current relationship is different for two directions of current flow.
Eg: diode.



Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

Student's Assignment

Networks and Systems

Basic Concepts

23

The minimum requirements for causing flow of

currentare

(a) avoltage source, a resistor and a switch.

(b) avoltage source, a conductor, an ammeter
and a switch.

(c) avoltage source and a conductor.

(d) apower source and a bulb.

Two resisters R, and R, give combined
resistance of 4.5 Q when in series and 1 Q when
in parallel. The resistances are

(@ 1Qand35Q (b) 4Qand0.5Q

() 2Qand25Q (d) 1.5Qand3Q

The V-1 characteristic of a resistor is I = 2V2.
The resistor is

(@) linear, passive, bilateral

(b) non-linear, passive, bilateral

(c) non-linear, active, bilateral

(d) non-linear, active, unilateral

Which of the following is not equivalent to Watts?
(@) Amperes x Volts (b) Joules/second
(c) Amperes/NVolts  (d) (Amperes)? x Ohm

A parallel plate capacitor is filled with two
dielectrics of &, and ¢, lengthwise equally. The
capacitance of the combination is

€oA(e) + €5) 2g,e,8, A
2e5€18, A Age,
© = O

In the circuit shown in the figure below, if
iy = u(t) A, then what are the initial and steady-
state voltages across the capacitor?

= 1uF

“®

AAA
VW
o
e}
11

Q.7

Q.8

Q.9

Q.10

Q.11

a
b
c
d

1Vand 1V, respectively
1V and 0, respectively
O and 1V, respectively
0 and 0, respectively

(@)
(b)
(©
(d)
A balanced delta connected load has an
impedance of 9 £30° ohms per phase. What is
the impedance per phase of its equivalent star?

(a) 27430°Q (b) 27.290°Q
(c) 3£30°Q (d) 3220°Q

The voltage and current waveforms for an element
are shown in the figure.

v(t)
2V

i(t)
2A

t 0 t

0 2s

The circuit element and its value are
(a) Capacitor,2F (b) Inductor,2H
(c) Capacitor,0.5F (d) Inductor,0.5H

Consider the following:

Energy storage capability of basic passive
elements is due to the fact that

1. resistance dissipates energy

2. capacitance stores energy

3. inductance dissipates energy

Which of the above is/are correct?

(@) 1,2and 3 (b) 1and 3

(c) 3alone (dy tand2

If a unit step current is passed through a
capacitor what will be the voltage across the
capacitor?

(@) O (b) A step function

(c) Aramp function (d) Animpulse function

A coil of inductance 2 H and resistance 1 Q is
connected to a 10V battery with negligible
internal resistance. The amount of energy stored
in the magnetic field is

(@) 8J (b) 50J

(c) 254 (d) 100J
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Q.12 Find the equivalent inductance of the following

circuit:
2H
o—o
. ’— 2H§4H §4H
o—[Juo
2H
(@) 3H (b) 5H
) 4H (d) 7H

Q.13 The current in a coil changes from5 Ato 1 Ain
0.4 second. The induced voltage is 40 V. The
self-inductance in Henry is
(@) 1 (b) 2
(c) 4 (d) 10

Q.14 Two bulbs of 100 W/250 V and 150 W/250 V are
connected in series across a supply of 250 V.
The power consumed by the circuit is
(@) 30w (b) 6BOW
(c) 100W (d)y 250W

Q.15 For the circuit shown below, the equivalent
resistance will be

15Q 15Q 15Q
MW MWW MWW
L
12V
(@) 45Q (b) 150
) 5Q (d) 7.5Q

Q.16 The circuit whose properties are same in either
direction is known as:
(a) bilateral circuit  (b) irreversible circuit
(c) tank circuit (d) universal circuit

Q.17 The resistance seen from the terminals A and B
of the device whose characteristic is shown in
the figure below is

UPPSC-AE

Q.18 The number of 2 pF, 300 V capacitors needed to
obtain a capacitance value of 2 pyF rated for

1200 Vis
(@) 16 (b) 12
(c) 10 (d) 8

STUDENT'S
> ANSWER KEY / ASSIGNMENT

1. (9 2. (d) 3. (b) 4. (o) 5. (a)
6. (c) 7. (c) 8. (b) 9. (d) 10. ()
11. (d) 12. (b) 13. (o) 14. (b) 15. (¢)
16. (a) 17. (d) 18. (a)
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[ 3. [Q)

I1=2\?
R = Z = constant
I
Also, - _ 1
dl 4V

As R depends on V
Its a non-linear resistor.
Resistor is a passive element.

[ 5. [&)

Since the two dielectrics fill space equally,
therefore area becomes A/2.

NOW, C= % — M

d d
So, C, = EotA

2d
and CZ = M

2d

A

Hence, Cy=Cy+C,= EoAlE1 + &)

2d

At steady state, capacitor acts as O.C. and at
initial state it acts as S.C. to dc current.
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