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BEEE (Part-A)

UNIT =1 DC & AC CIRCUITS

Basic Fundamental Concepts

Concept of Charge

In all the atoms, there exists number of electrons which are very loosely bound to its
nucleus. Such electrons are free to wonder about, through the space under the influence of
specific forces. Now when such electrons are removed from an atom it becomes positively
charged. This is because of loosing negatively charged particles i.e. electrons from it. As
against this, if excess clectrons are added to the atom it becomes negatively charged.

Key Point: Thus total deficiency or addition of excess electrons in an atom is called its
charge and the element is said to be charged.

The following table shows the different particles and charge possessed by them.
Particle Charge possessed in Coulomb Nature

Neutron 0 Neutral
Proton 1602x 109 Paositive
Electron 1602x 10°"° Negative

Unit of Charge

As seen from the Table 1.2 that the charge possessed by the electron is very very
small hence it is not convenient to take it as the unit of charge.

The unit of the measurement of the charge is Coulomb.

The charge on one electron is 1.602x107", so one coulomb charge is defined as the
charge possessed by total number of ( 1/ 1.602x107") electrons ie. 6.24x10"™ number of
electrons.

Thus, | 1 coulomb = charge on 6.24x10" electrons

From the above discussion it is clear that if an element has a positive charge of one
coulomb then that element has a deficiency of 6.24x10'"® number of electrons.
Key Point: Thus, addition or removal of electrons causes the change in the nature of the
charge possessed by the element.

Relation between Charge and Current

The current is flow of electrons. Thus current can be measured by measuring how
many electrons are passing through material per second. This can be expressed in terms of
the charge carried by those electrons in the material per second. So the flow of charge
per unit time is used to quantify an electric current.

Key Point: So current can be defined as rate of flow of charge in an electric circuit or in
any medium in which charges are subjected to an external electric field.
The charge is indicated by Q coulombs while current is indicated by I. The unit for the
current is Amperes which is nothing but coulombs/sec. Hence mathematically we can
write the relation between the charge (Q) and the electric current (I) as,
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[=$ Amperes

]

where I Average current flowing
Q Total charge transferred

t = Time required for transfer of charge.
Definition of 1 Ampere : A current of 1 Ampere is said to be flowing in the conductor when
a charge of one coulomb is passing any given point on it in one second.

Now 1 coulomb is 6.24x10"® number of electrons. So 1 ampere current flow means
flow of 6.24x10'® electrons per second across a section taken any where in the circuit.

1 Ampere current = Flow of 624 x 10° electrons per second

Concept of Electric Potential and Potential Difference

When two similarly charged particles are brought near, they try to repel each other
while dissimilar charges attract each other. This means, every charged particle has a
tendency to do work.

Key Point: This ability of a charged particle to do the work is called its electric potential.
The unit of electric potential is volt.

The electric potential at a point due to a charge is one volt if one joule of work is
done in bringing a unit positive charge i.e. positive charge of one coulomb from infinity to
that point.

Mathematically it is expressed as,

Workdone W

Electrical Potential = W—a

Let us define now the potential difference.

It is well known that, flow of water is always from higher level to lower level, flow of
heat is always from a body at higher temperature to a body at lower temperature. Such a
level difference which causes flow of water, heat and so on, also exists in electric circuits.
In electric circuits flow of current is always from higher electric potential to lower electric
potential. So we can define potential difference as below :

Key Point: The difference between the electric potentials at any two given points in a
circuit is known as Potential Difference ( p.d. ). This is also called voltage between the two
points and measured in volts. The symbol for voltage is V.

For example, let the electric potential of a charged particle A is say V; while the
clectric potential of a charged particle B is say V,. Then the potential difference between
the two particles A and B is V, -V,. If V, -V, is positive we say that A is at higher
potential than B while if V, =V, is negative we say that B is at higher potential than A.

Key Point: The potential difference between the two points is one volt if one joule of work
is done in displacing unit charge ( 1 coulomb ) from a point of lower potential to a point of
higher potential.

Consider two points having potential difference of V volts between them, as shown in
the Fig. 1.4. The point A is at higher potential than B. As per the definition of volt, the V
joules of work is to be performed to move unit charge from point B to point A.

Thus, when such two points, which are at

Potential V2 different potentials are joined together with the
(o help of wire, the electric current flows from higher

potential to lower potential i.e. the electrons start
i flowing from lower potential to higher potential.
Fig. 1.4 Hence, to maintain the flow of electrons i.e. flow of
electric current, there must exist a potential

difference between the two points.
Key Point: No current can flow if the potential difference between the two points is zero.
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Electric Current
The directed flow of free electrons (or charge) is called electric current. The flow of electric
current can be beautifully explained by referring to Fig. 1.1. The copper strip has a large number
of free electrons. When electric pressure or voltage is applied, then free electrons, being negatively
charged, will start moving towards the positive terminal around the circuit as shown in Fig. 1.1. This

directed flow of electrons is called electric current.
Copper strip
/

Free electrons

Fig. 1.1
The reader may note the following points :
(/) Current is flow of electrons and electrons are the constituents of matter. Therefore, electric
current is matter (i.e. free electrons) in motion.
(if) The actual direction of current (i.e. flow of electrons) is from negative terminal to the

positive terminal through that part of the circuit external to the cell. However, prior to Electron
theory, it was assumed that current flowed from positive terminal to the negative terminal of the cell

Types of Electric Current
The electric current may be classified into three main classes: (i) steady current (if) varying
current and (/ii) alternating current.
(i) Steady current. When the magnitude of current does not change with time, it is called
a steady current. Fig. 1.3 (i) shows the graph between steady current and time. Note that valuc of
current remains the same as the time changes. The current provided by a battery 1s almost a steady
current (d.c.).

—r
—’-—.

I
T |\ 72

| 3T/4
0 A—rt 0| —>t of T4 :

(i) (i) iy —>t

Fig. 1.3

(if) Varying current. When the magnitude of current changes with time, it is called a varying

current. Fig. 1.3 (ii) shows the graph between varying current and time. Note that value of current
varies with time.

(#ii) Alternating current. An alternating current is one whose magnitude changes contin-
uously with time and direction changes periodically. Due to technical and economical reasons, we
produce alternating currents that have sine waveform (or cosine waveform) as shown in Fig. 1.3 (iii).
It is called alternating current because current flows in alternate directions in the circuit, i.e., from
0 to 772 second (7 is the time period of the wave) in one direction and from 772 to 7 second in the
opposite direction. The current provided by an a.c. generator is alternating current that has sine (or
cosine) waveform.
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via the circuit. This convention is so firmly established that it is still in use. This assumed direction
of current is now called conventional current.
Unit of Current. The strength of electric current / is the rate of flow of electrons i.e. charge

flowing per second. 0
2 Current, / = =

The charge Q is measured in coulombs and time 7 in seconds. Therefore, the unit of electric
current will be coulombs/sec or ampere. 1f Q =1 coulomb, t = 1 sec, then /= 1/1 = | ampere.

One ampere of current is said to flow through a wire if at any cross-section one coulomb of
charge flows in one second.

Thus, if 5 amperes current is flowing through a wire, it means that 5 coulombs per second flow
past any cross-section of the wire.

Note. 1 C =charge on 625 x 10'® electrons. Thus when we say that current through a wire is 1 A, it means
that 625 x 10’ electrons per second flow past any cross-section of the wire.

= 2_ne
t 1

where e=—1.6 x 107 C ; n = number of electrons

Concept of E.M.F. and Potential Difference

There is a distinct difference between e.m.f. and potential difference. The e.m.f of a device, say
a battery, is a measure of the energy the battery gives to each coulomb of charge. Thus if a battery
supplies 4 joules of energy per coulomb, we say that it has an e.m.f. of 4 volts. The energy given to
each coulomb in a battery is due to the chemical action.

The potential difference between two points, say 4 and B, is a measure of the energy used by
one coulomb in moving from A to B. Thus if potential difference between points 4 and B is 2 volts,
it means that each coulomb will give up an energy of 2 joules in moving from A4 to B.

Ilustration. The difference between e.m.f. and

p-d. can be made more illustrative by referring to Fig. A"_‘?X‘_"B s
1.8. Here battery has an e.m.f. of 4 volts. It means M 20
battery supplies 4 joules of energy to each coulomb

continuously. As each coulomb travels from the

positive terminal of the battery, it gives up its most of
energy to resistances (2 Q and 2 Q in this case) and
remaining to connecting wires. When it returns to the |
negative terminal, it has lost all its energy originally |||||:
supplied by the battery. The battery now supplies E = 4 volts
fresh energy to each coulomb (4 joules in the present Fig. 1.8
case) to start the journey once again.

1A1l v

The p.d. between any two points in the circuit is the energy used by one coulomb in moving
from one point to another. Thus in Fig. 1.8, p.d. between 4 and B is 2 volts. It means that 1 coulomb
will give up an energy of 2 joules in moving from A to B. This energy will be released as heat from
the part A8 of the circuit.

The following points may be noted carefully :

(/) The name e.m.f. at first sight implies that it is a force that causes current to flow. This is not
correct because it is not a force but energy supplied to charge by some active device such as a battery.

(if) Electromotive force (e.m.f.) maintains potential difference while p.d. causes current to flow.

Resistance

The opposition offered by a substance to the flow of electric current is called its resistance.

Since current is the flow of free electrons, resistance is the opposition offered by the substance
to the flow of free electrons. This opposition occurs because atoms and molecules of the substance
obstruct the low ofthese electrons_ Certain substances (e.g. metals such as silver, copper, aluminium
etc.) offer very little opposition to the flow of electric current and are called conductors. On the other
hand, those substances which offer high opposition to the flow of electric current (i.e. flow of free
electrons) are called insulators e.g. glass, rubber, mica, dry wood etc.

It may be noted here that resistance is the electric friction offered by the substance and causes
production of heat with the flow of electric current. The moving electrons collide with atoms or
molecules of the substance ; each collision resulting in the liberation of minute quantity of heat.

Unit of resistance. The practical unit of resistance is ohm and is represented by the symbol €2
It is defined as under :

1A =110
A wire is said to have a resistance of 1 ohm if -+ - =
a p.d. of 1 volt across its ends causes | ampere to flow
through it (Scc Fig. 1.10).
There is another way of defining ohm. i
A wire is said to have a resistance of 1 ohm if ir Fig. 1.10

refeases | joule for develops 0.24 calorie of heat) when a current of I A flows through it for { second.
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Electrical Circuit Elements[R-L-C] Parameters

Basic Circuit Components

Let us take a brief review of three basic elements namely resistance, capacitance and

inductance.
1 Resistance
' R It is the property of the material by which it
0—'—M‘I,W——° opposes the flow of current through it. The resistance of
+ -

element is denoted by the symbol 'R'. Resistance is
measured in ochms ().

The resistance of a given material depends on the physical properties of that material

and given by,
R = &
d
where I = Length in metres
a = Cross-sectional area in square metres
P = Resistivity in ohms-metres

R = Resistance in ohms
We can define unit ohm as below.

Koy Point: 1 Ohm : The resistance of a circuil, in which a current of 1 ampere generales
the heat at the rate of 1 joules per second is said to be 1 ohm.

Now 4.186 Joules
hence 1 Joule

1 Calorie
0.24 Calorie

Thus unit 1 ohm can be defined as that resistance of the circuit if it develops
0.24 calories of heat, when one ampere current flows through the circuit for one second.

The unit ohm also can be defined as, one chm resistance is that which allows one
ampere current to flow through it when one volt voltage is impressed across it

The relation between voltage and current for a resistance is given by Ohm's law as,

v = Ri

R =

-l e

The power absorbed by a resistance is given by,

2
plt) = vi= !ﬁ" iR watts

while the amount of energy converted to heat energy in time t is given by,

w = j’pdt- j’i*kdt- j’vidt

Key Point: As i? term is always positive, the energy absorbed by the resistance is always
positive.
If the voltage across resistance is constant V and the currrent through it is constant I
then the energy for t 2 0 is given by,

T
W = [ Vidt= VIt joules
o0

V2
while, P=VlI= T- I°R watts
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Factors Upon Which Resistance Depends

The resistance R of a conductor
(i) 1s directly proportional to its length ie.
Rl
(ii) is inversely proportional to its area of X-section i.e.
R -
a
(iii) depends upon the nature of material.
(iv) depends upon temperature.
From the first three points (leaving temperature for the time being), we have,

[ [
R — R =p—
8 pa

where p (Greek letter ‘Rho’) is a constant and is known as resistivity or specific resistance of the
material. Its value depends upon the nature of the material.

Specific Resistance or Resistivity
We have seen abovethat R = pi
a
If 7=1m, a=1m’ then, R =p

Hence specific resistance of a material is the resistance offered by 1 m length of wire of
material having an area of cross-section of I m~ [See Fig. 1.11 (i)].

3

Current - —ts

-
1

im

X
A
S
s
3

[f——1m—
() ()
Fig. 1.11
Specific resistance can also be defined in another way. Take a cube of the material having each
side 1 m. Considering any two opposite faces, the area of cross-section is | m” and length is 1 m
- 2
[See Fig. 1.11 (ii)) ie. i=1m,a=1 m".
Hence specific resistance of a material may be defined as the resistance between the opposite

Jfaces of a metre cube of the material.

/ R
Unit of resistivity. We know R = %— or p= _Ia_

Hence the unit of resistivity will depend upon the units of area of cross-section (a) and length (/).
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2 Inductance

An inductance is the element in which energy is stored in the form of electromagnetic
field. The inductance is denoted as 'L’ and is measured in henries (H).

The Fig. 1.10 shows an inductance.

e T ITEEET ~oo— Flux
R 7 linkages The time varying voltage v(t) is the voltage
c — = .
0 s ks f  across it. It carries a current i(t) which is also
time varying.
vy
Inductance

Key Point: For an inductance, the voltage across if is proportional to the rate of change of
current passing through it.

di(t)

v(t) e =

The constant of proportionality in the above equation is the inductance L.

vit) = L (—1:—’!:—)

If the voltage v (t) is known across an inductor then the current is given by,

]

t
i)y = j v(t) dt

If the inductance has N turns and the flux ¢ produced by the current i(t) entirely links
with the coil of N turns then according to Faraday's law,

vit) =1 %—t
The total flux linkages N¢ are thus proportional to the current through the coil.
Né = Li
N

L=-—.-
1

The power in the inductor is given by,

p) = vi= Li(t)g—;—(:—)

The energy stored in the inductor in the form of an electromagnetic field is,

. di(t)
w = [ p)dt= [ Lit)-—— dt
02 !
w = [ Li)di = Ll—-é-l
1 e d -
w=3 Li*(t) joules
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3 Capacitance i c
An element in which energy is stored in the form of an | A = E
electrostatic field is known as capacitance. It is made up of two

conducling plates separated by a diclectric material. It is denoted
as ‘C’ and is measured in farads (F).

I‘—_—v(j)-—’l
The Fig. shows a capacitor. The voltage across it is time
varying v(t) and current through it is also time varying i(t). Capacitor
Key Point: For a capacitor, the current through it is proportional to the rate of change of
voltage across it.
dv(t)
dt

i(t) o=

The constant of proportionality is the capacitor C.

dv(t)

i) = C =5

While the ratio of the charge stored to the vollage across the capacitor is known as the
capacitance C.

c=13
V'

The voltage across the capacitor is given by,

1
vit) = -é [ it dt

The power in the capacitor is given by,

o e dv(t)
plt) = vi= (.v(l)—m—

The energy stored in the capacitor is given by,

w o= J p(t)dt:! Cv(t)%@ dt
2

w = I Cv(t)dv(t) = C v2(l)

w o= % Cv?(t) joules

Voltage Current Relationships for Passive Elements

The voltage current relationships for the passive elements resistance (R), inductance (L)
and capacitor (C) are given in the Table 1.3.

Element Basic relation Voltage across, | Current through, Energy
if current known | if voltage known
R R= .'lf wa() = Rin(1) i,,(l)a.;vn(l) G j in(1) va(t) et
L Sl S RYOSTE: VR YOS IOP LA L)
2 c= 3 [vedfeha|e-c2eQ |w=jov()
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Ohm's Law
This law gives relationship between the potential difference (V), the current (I) and the
resistance (R) of a d.c. circuit. Dr. Ohm in 1827 discovered a law called Ohm's Law. It
states,
m'm'tl..lw: The current flowing through the electric circuit is directly proportional to the
potential difference across the circuit and inversely proportional to the resistance of the circuit,
provided the temperature remains constant.

Mathematically, | T = %

Where 1 is the current flowing in amperes, the V is the

" R _  voltage applied and R is the resistance of the conductor,
w as shown in the Fig. 1.13.
\4
Ohm's law The unit of potential difference is defined in such a

way that the constant of proportionality is unity.

A"
Ohm'slawis, | I = & amperes
V =1R volts
\Y
T ™ constant = R ohms
The Ohm's law can be defined as,

The ratio of potential difference (V) between any two points of a conductor to the
current (I) flowing between them is constant, provided that the temperature of the
conductor remains constant.

Key Point: Ohm'’s law can be applied either to the entire circuit or to the part of a circuit.
If it is applied to entire circuit, the voltage across the entire circuit and resistance of the
entire circuit should be tcken into account. If the Ohm's law is applied to the part of a
circuit, then the resistance of that part and potential across that part should be used.

Limitations of Ohm's Law
The limitations of the Ohm's law are,
1) It is not applicable to the non lincar devices such as diodes, zener diodes, voltage
regulators etc.

2) It does not hold good for non-metallic conductors such as silicon carbide. The law
for such conductors is given by,

V = k1™ where k, m are constants.
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SeriesandParallelConnectionsofResistorsonDCExcitation
D.C. Series Circuit

The d.c. circuit in which resistances are connected end to end so that there is only one path
Jor current 1o flow is called a d.c. series circuit.

Resistors in Series

Consider the resistances shown in
the Fig.

The resistance R,, R, and R; are
said to be in series. The combination is
connected across a source of voltage V
volts. Naturally the current flowing
through all of them is same indicated as
I amperes. eg. the chain of small
lights, used for the decoration purposes

A series circuit is good example of series combination.

Now let us study the voltage distribution.

Let V;,V, and V; be the voltages across the terminals of resistances R,, R, and R,
respectively

Then, v

Now according to Ohm's law, \'A

Current through all of them is same i.e. |

V = IR‘ +IR2 +]RJ =I(Rl ‘.‘Rz +R3)

Vi+V, +V,
IR, V, =IR;, Vy=IR,

Applying Ohm's law to overall circuit,
V = 1Ry
where R = Equivalent resistance of the circuit. By comparison of two equations,

i.e. total or equivalent resistance of the series circuit is arithmetic sum of the
resistances connected in series.

For n resistances in series, R = R; +R, +R;+ ...... + R,

Characteristics of Series Circuits
1) The same current flows through each resistance.

2) The supply voltage V is the sum of the individual voltage drops across the
resistances.

V=V+V+.+V

3) The equivalent resistance is equal to the sum of the individual resistances.
4) The equivalent resistance is the largest of all the individual resistances.

ie R > R;, R>R,, .... R> R,
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D.C. Parallel Circuit

When one end of each resistance is joined to a common point and the other end of each
resistance is joined to another common point so that there are as many paths for current flow as
the number of resistances, it is called a parallel circuit.

0v_

=
ll
v

A parallel circuit

BEEE (Part-A)

In parallel circuit current passing through each
resistance is different. Let total current drawn is
say ‘ I ' as shown. There are 3 paths for this
current, one through R,, second through R, and
third through R;. Depending upon the values of
R; ,R; and R, the appropriate fraction of total
current passes through them. These individual
currents are shown as I, ,I, and I;. While the
voltage across the two ends of each resistances
R, ,R; and R, is the same and equals the supply
voltage V.

Now let us study current distribution. Apply Ohm's law to each resistance.
]l Rl Pl V=Isz ’ V= IJR3

\'

I

A\

v A\

KRR BTR;

L+l +13 =

/|

1

I T
R 'R, 'R;

1 1
-R—,"Fi—z""—R—a] ... (1)

For overall circuit if Ohm's law is applied,

and

where

V = IR,
\'4

I v

Ry

R

q

- (2)

= Total or equivalent resistance of the circuit.

Comparing the two equations,

1

=

o

1

1

1

TRIRR

where R is the equivalent resistance of the parallel combination.
In general if ‘n’ resistances are connected in parallel,

X
R

1

R,

B s ot

Characteristics of Parallel Circuits

1) The same potential difference gets across all the resistances in parallel.

2) The total current gets divided into the number of paths equal to the number of
resistances in parallel. The total current is always sum of all the individual

currents.

I = I +1; #13+....41,

3) The reciprocal of the equivalent resistance of a parallel circuit is equal to the sum
of the reciprocal of the individual resistances.

4) The equivalent resistance is the smallest of all the resistances.

R < R,,

R<R,,.....,R<R

5) The equivalent conductance is the arithmetic addition of the individual
conductances.

Key Point : The equivalent resistance is smaller than the smallest of all the resistances
connected in parallel.
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Advantages of Parallel Circuits
The most useful property of a parallel circuit is the fact that potential difference has the same
value between the terminals of each branch of parallel circuit. This feature of the parallel circuit
offers the following advantages :

(7) The appliances rated for the same voltage but different powers can be connected in parallel
without disturbing each other’s performance. Thus a 230 V, 230 W TV receiver can be
operated independently in parallel with a 230 V, 40 W lamp.

(if) If a break occurs in any one of the branch circuits, it will have no effect on other branch
circuits.
Due to above advantages, electrical appliances in homes are connected in parallel. We can
switch on or off any light or appliance without affecting other lights or appliances.

Applications of Parallel Circuits
Parallel circuits find many applications in electrical and electronic circuits. We shall give two
applications by way of illustration.

(/) Identical voltage sources may be connected in parallel to provide a greater current capacity.
Fig. 2.8 shows two 12 V automobile storage batteries in parallel. If the starter motor draws
400 A at starting, then each battery will supply half the current i.e. 200 A. A single battery
might not be able to provide a load current of 400 A. Another benefit is that two batteries
in parallel will supply a given load current for twice the time when compared to a single

battery before discharge is reached.

Meter
(N
200 A TA—
1 200A | %7 7400 A Eye—
2v=1 12v= Lgmad
999 mA
—p
WV
Shunt

(if) Fig. 2.9 shows another application for parallel connection. A low resistor, called a shunt, is
connected in parallel with an ammeter to increase the current range of the meter. If shunt
1s not used, the ammeter is able to measure currents up to 1 mA. However, the use of shunt
permits to measure currents up to 1 A. Thus shunt increases the range of the ammeter.
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Network Terminology
While discussing network theorems and techniques, one often comes across the following terms:

(7)) Linear circuit. A linear circuit is one whose parameters (e.g. resistances) are constant i.e.
they do not change with current or voltage.

(#f) Non-linear circuit. A non-linear circuit is one whose parameters (e.g. resistances) change
with voltage or current.

(iif) Bilateral circuit. A bilateral circuit is one whose properties are the same in either direction.
For example, transmission line is a bilateral circuit because it can be made to perform its
function equally well in either direction.

(iv) Active element. An active element is one which A R C

B

; : SN VWWA . VWA
supplies electrical energy to the circuit. Thus %
D

in Fig. 3.1, E, and E, are the active elements

because they supply energy to the circuit. P R, E, Ty

(v) Passive element. A passive element is one C
which receives electrical energy and then either
converts it into heat (resistance) or stores in an
electric field (capacitance) or magnetic field
(inductance). In Fig. 3.1, there are three passive Fig. 3.1
elements, namely R|, R, and R;. These passive elements (i.e. resistances in this case) receive
energy from the active elements (i e. F| and F,) and convert it into heat

(vi) Node. A node of a network is an equipotential surface at which two or more circuit
elements are joined. Thus in Fig. 3.1, circuit elements R, and £, are joined at 4 and hence
A 1s the node. Similarly, B, C and D are nodes.

(vii) Junction. A junction is that point in a network where three or more circuit elements are
joined. In Fig. 3.1, there are only two junction points viz. B and D. That B is 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 R,, £, and E,.

(viii) Branch. A branch is that part of a network which lies between two junction points. Thus
referring to Fig. 3.1, there are a total of three branches viz. BAD, BCD and BD. The branch

BAD consists of R) and E, ; the branch BCD consists of R; and E, and branch BD merely
consists of R,.

(ix) Loop. Aloop is any closed path of a network. Thus in Fig. 3.1, ABDA, BCDB and ABCDA
are the loops.

(x) Mesh. A mesh is the most elementary form of a loop and cannot be further divided into
other loops. In Fig. 3.1, both loops ABDA and BCDB qualify as meshes because they cannot
be further divided into other loops. However, the loop 4ABCDA cannot be called a mesh
because it encloses two loops ABDA and BCDB.

(xi) Network and circuit. Strictly speaking, the term network is used for a circuit containing
passive elements only while the term circuit implies the presence of both active and passive
elements. However, there is no hard and fast rule for making these distinctions and the
terms “network™ and “circuit” are often used interchangeably.

(xif) Parameters. The various elements of an electric circuit like resistance (R), inductance (L)
and capacitance (C) are called parameters of the circuit. These parameters may be lumped
or distributed.

(xiii) Unilateral circuit. A unilateral circuit is one whose properties change with the direction
of its operation. For example, a diode rectifier circuit is a unilateral circuit. It is because a
diode rectifier cannot perform rectification in both directions.

(xiv) Active and passive networks. An active network is that which contains active elements
as well as passive elements. On the other hand, a passive network is that which contains
passive elements only.
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Kirchhoff’sLaws

Kirchhoff's Laws
Kirchhoff gave two laws to solve complex circuits, namely ;
1. Kirchhoff’s Current Law ( KCL ) 2. Kirchhoff’s Voltage Law (KVL)
1. KIRCHHOFF'S CURRENT LAW (KCL)

This law relates to the currents at the *junctions of an electric
circuit and may be stated as under :

The algebraic sum of the currents meeting at a junction in an
electrical circuit is zero.

An algebraic sum is one in which the sign of the quantity is
taken into account. For example, consider four conductors carrying
currents /;, /5, /; and /, and meeting at point O as shown in Fig. 2.60. Fig. 2.60

* A junction is that point in an electrical circuit where three or more circuit elements meet.

If we take the signs of currents flowing towards point O as positive, then currents flowing away
from point O will be assigned negative sign. Thus, applying Kirchhoff's current law to the
junction O in Fig. 2.60, we have,
) +U)+(H)+ (L) =0
or L+1, = L+1L

i.e., Sum of incoming currents = Sum of outgoing currents

Hence, Kirchhoff’s current law may also be stated as under :

The sum of currents flowing towards any junction in an electrical circuit is equal to the sum of
currents flowing away from that junction. Kirchhoff's current law is also called junction rule.

Kirchhoff’s current law is true because electric current is merely the flow of free electrons and
they cannot accumulate at any point in the circuit. This is in accordance with the law of conservation
of charge. Hence, Kirchhoff’s current law is based on the law of conservation of charge.

2. KIRCHHOFF’'S VOLTAGE LAW (KVL)

This law relates to e.m.fs and voltage drops in a closed circuit or loop and may be stated as
under :

In any closed electrical circuit or mesh, the algebraic sum of all the electromotive forces
(e.m.fs) and voltage drops in resistors is equal to zero, iLe.,

In any closed circuit or mesh,
Algebraic sum of e.m.fs + Algebraic sum of voltage drops = ()

The validity of Kirchhoff’s voltage law can be R,
easily established by referring to the closed loop B AV AMA C
ABCDA shown in Fig. 2.61. If we start from
any point (say point A4) in this closed circuit and
go back to this point (i.e., point 4) after going
around the circuit, then there 1s no increase or
decrease in potential. This means that algebraic | £
sum of the e.m.fs of all the sources (here only one A I'l'l:
e.m.f. source is considered) met on the way plus the Fig. 2.61
algebraic sum of the voltage drops in the resistances
must be zero. Kirchhoff’s voltage law is based on the law of *conservation of energy, i.e., net
change in the energy of a charge after completing the closed path is zero.

> 15
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Sign Convention
While applying Kirchhoff’s voltage law to a closed circuit, algebraic sums are considered.
Therefore, it is very important to assign proper signs to e.m.fs and voltage drops in the closed circuit.
The following convention may be followed :

A rise in potential should be considered positive and fall in potential should be
considered negative.

(7) Thus if we go from the positive terminal of the battery to the negative terminal, there is fall
of potential and the e.m.f. should be assigned negative sign. Thus in Fig. 2.62 (i), as we go
from A to B, there is a fall in potential and the e.m.f. of the cell will be assigned negative

sign. On the other lE El
hand, if we go fromthe A ® 1k * B A® 1] * B
negative terminal to the R S
positive terminal of the .
battery or source, there () (i)
is a rise in potential Fig. 2.62
and the e.m.f should be
assigned positive sign. Thus in Fig. 2.62 (ii) as we go from 4 to B, there is a rise in potential
and the e.m.f. of the cell will be assigned positive sign. It may be noted that the sign of e.m.f.
is independent of the direction of current through the branch under consideration.
(éif) When current flows through a resistor, there is a voltage drop across it. If we go through
the resistor in the same direction as the current, there is a fall in potential because current
flows from higher potential to lower potential. Hence this voltage drop should be assigned

negative sign. In Fig. R R

2.63 (i), as we go from A e——WW—>—o B Ao—e—MWA—<—- B
A to B, there is a fall — —iip

in potential and the

voltage drop across (i) (ii)

the resistor will be
assigned negative sign.
On the other hand, if we go through the resistor against the current flow, there is a rise in
potential and the voltage drop should be given positive sign. Thus referring to Fig. 2.63 (if),
as we go from 4 to B, there is a rise in potential and this voltage drop will be given positive
sign. It may be noted that sign of voltage drop depends on the direction of current and is
independent of the polarity of the e.m.f. of source in the circuit under consideration.

Fig. 2.63

E E S X
A . B A 1 B A+ - B A. VY. +B
o—ifF——o o——o O—MWW—0 = o— MWW=
—. — . 3 ——— motion ' ——motion
Rise in Fall in Fall in Rise in
Voltage Voltage Voltage Voltage
+F - ~V=—=IR +V=4+IR
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lllustration of Kirchhoff's Laws
Kirchhoff’s Laws can be beautifully explained by referring to Fig. Mark the directions of
currents as indicated. The direction in which currents are assumed to flow is unimportant, since if
wrong direction is chosen, it will be indicated by a negative sign in the result.

(/) The magnitude of current in any B L lg D

C
branch of the circuit can be found )
by applying Kirchhoff’s current law

F

incoming currents to the junction are T
I, and I,. Obviously, the currentin  E;
branch CF will be /,+1,. =

(if) There are three closed circuits in

Fig 2.64 viz. ABCFA, CDEFC and
ABCDEFA. Kirchhoff’s voltage law S —— I { l_E
can be applied to these closed circuits E;

to get the desired equations.

Loop ABCFA. In this loop, e.m.f. E, will be given positive sign. It is because as we consider
the loop in the order ABCFA, we go from —ve terminal to the positive terminal of the battery in the
branch 4B and hence there is a rise in potential. The voltage drop in branch CFis (/, + 1, ) R, and
shall bear negative sign. It is because as we consider the loop in the order ABCFA, we go with current
in branch C/” and there is a fall in potential. Applying Kirchhoff’s voltage law to the loop ABCIA,

~(L+L)R,+E =0

Thus at junction C in Fig. 2.64, the bl
R,

or El o (Il-f_]Z)Rl (l)
Loop CDEFC. As we go around the loop in the order CDEFC, drop /,R, 1s positive, e.m.f.

E, 1s negative and drop ( I, + 1, ) R, is positive. Therefore, applying Kirchhoff’s voltage law

to this loop, we get,

or 12R2+(ll +12)Rl E2 (II)
Since E,, E5, R, and R, are known, we can find the values of /; and /, from the above two

equations. Hence currents in all branches can be determined.

Method to Solve Circuits by Kirchhoff's Laws
(/) Assume unknown currents in the given circuit and show their direction by arrows.
(if) Choose any closed circuit and find the algebraic sum of voltage drops plus the algebraic
sum of e.m.f5 in that loop.
(iif) Put the algebraic sum of voltage drops plus the algebraic sum of e.m.fs equal to zero.
(iv) Write equations for as many closed circuits as the number of unknown quantities. Solve
equations to find unknown currents.
(v) If the value of the assumed current comes out to be negative, it means that actual direction
of current is opposite to that of assumed direction.

Note. It may be noted that Kirchhoff’s laws are also applicable to a.c. circuits. The only thing to be done
is that I, V and Z are substituted for /, /"and R. Here I, V and Z are phasor quantities.
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Super positionTheorem

Superposition Theorem

Superposition 1s a general principle that allows us to determine the effect of several energy
sources (voltage and current sources) acting simultaneously in a circuit by considering the effect of
each source acting alone, and then combining (superposing) these effects. This theorem as applied
to d.c. circuits may be stated as under :
In a linear; bilateral d.c. network containing more than one energy source, the resultant potential
difference across or current through any element is equal to the algebraic sum of potential differences
or currents for that element produced by each source acting alone with all other independent ideal
voltage sources replaced by short circuits and all other independent ideal current sources replaced
by open circuits (non-ideal sources are replaced by their internal resistances).

Procedure. The procedure for using this theorem to solve d.c. networks is as under :

(i) Select one source in the circuit and replace all other ideal voltage sources by short circuits

and ideal current sources by open circuits.

(#f) Determine the voltage across or current through the desired element/branch due to single
source selected in step (i).

(#if) Repeat the above two steps for each of the remaining sources.

(iv) Algebraically add all the voltages across or currents through the element/branch under
consideration. The sum is the actual voltage across or current through that element/branch
when all the sources are acting simultaneously.

Note. This theorem is called superposition because we superpose or algebraically add the components
(currents or voltages) due to each independent source acting alone to obtain the total current in or voltage across

a circuit element. 20

v vivanane 2
Example Using superposition theorem, MWy

find the current through the 40 Q resistor in the

circuit shown in Fig. 3.45 (i). All resistances are in 5 5

ohms. 50 V7 § —10V
Solution. In Fig. 345 (i), 10V battery is 40

replaced by a short so that 50V battery is acting 3

alone. It can be seen that right-hand 5 Q resistance is (i)

in parallel with 40 Q resistance and their combined g. 3.45

resistance = 5 Q || 40 2 = 4.44 Q as shown in Fig. 3.45 (iii). The 4.44 Q resnstance 1s in series with
left-hand 5 Q resistance giving total resistance of (5 + 4.44) = 9.44 Q to this path. As can be seen
from Fig. 3.45 (iii), there are two parallel branches of resistances 20 Q and 9.44 Q across the 50 V
battery. Therefore, current through 9.44 Q branch is 7 = 50/9.44 = 5296 A. Thus in Fig. 3.45 (ii),
the current / (= 5.296 A) at point A divides between 5 Q resistance and 40 Q resistance. By current-
divider rule, current /, in 40 Q resistance is

5 5
L= Ix = 5296X— =0.589 A '
1 —— 25 5 downward
20
MWW
5 I
5 A 5 A A
1 20
50V = oo 50V 4.44
(i) (i)
Fig. 3.45

In Fig. 3.45 (iv), the 50 V battery is replaced by a short so that 10 V battery is acting alone.
Again, there are two parallel branches of resistances 20 Q and 9.44 Q across the 10V battery [See

== TFig. 3.45 (v)]. Therefore, current through 9.44 Q branch is /=10/9.44 = 1.059 A. —_—
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In Fig. 3.45 (iv), the 50V battery is replaced by a short so that 10 V battery is acting alone.
Again, there are two parallel branches of resistances 20 Q and 9.44 Q across the 10V battery [See
Fig. 3.45 (v)]. Therefore, current through 9.44 Q branch is 7= 10/9.44 = 1.059 A.

20
A

T 10V - 10V

40

o

(iv)

Thus in Fig. 3.45 (iv), the current / (= 1.059 A) at point B divides between 5 Q resistance and
40 Q resistance. By current-divider rule, current in 40 € resistance is

=0.118 A downward

I, = 1.059% 2
5440

By superposition theorem, the total current in 40 Q
= +5=0589+0.118=0.707 A downward

Representation Of Sinusoidal Waveforms

Important A.C. Terminology

An alternating voltage or current changes continuously in magnitude and alternates in direction
at regular intervals of time. It rises from zero to maximum positive value, falls to zero, increases to
a maximum in the reverse direction and falls back to zero again (See Fig. 11.6). From this point on
indefinitely, the voltage or current repeats the procedure. The important a.c. terminology is defined
below :

(/) Waveform. The shape of the curve obtained by plotting the instantaneous values of voltage
or current as ordinate against *time as abcissa is called its waveform or waveshape. Fig. 11.6 shows
the waveform of an alternating voltage varying sinusoidally.

(if) Instantaneous value. lhe value of an alternating quantity at any instant is called
instantaneous value. The instantaneous values of alternating voltage and current are represented by
v and i respectively. As an example, the instantaneous values of voltage (See Fig. 11.6) at 0°, 90° and
270° are 0, + V,,, =V, respectively.

(iif) Cycle. One complete set of positive and negative values of an alternating quantity is known
as a cycle. Fig. 11.6 shows one cycle of an alternating voltage.

VAL
e
Amplitude
0 /2 Rt
SV P - ——
Cycle 9]
Fig. 11.6

A cycle can also be defined in terms of angular measure. One cycle corresponds to 360°
**electrical or 2n radians. The voltage or current generated in a conductor will span 360° electrical
(or complete one cycle) when the conductor moves past successive north and south poles.

(iv) Alternation. One-halfcycle ofan alternating quantity is called an alternation. An alternation
spans 180° electrical. Thus in Fig. 11.6, the positive or negative half of alternating voltage is the
alternation.

(v) Time period. The time taken in seconds to complete one cycle of an alternating quantity is
called its time period. It is generally represented by 7.
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(vi) Frequency. The number of cycles that occur in one second is called the frequency (f) of the
alternating quantity. It is measured in cycles/sec (C/s) or Hertz (Hz). One Hertz is equal to 1C/s.

The frequency of power system is low; the most common being 50 C/s or 50 Hz. It means that
alternating voltage or current completes 50 cycles in one second. The 50 Hz frequency is the most
popular because it gives the best results when used for operating both lights and machinery.

(vii) Amplitude. The maximum value (positive or negative) attained by an alternating quantity
is called its amplitude or peak value. The amplitude of an alternating voltage or current is designated

by V,, (orE,)or 1,

Instantaneous Values

A N —
S _ Az = A x 0.707
Agavg) = Agmeg X 0.636
a +Amax ( 360°
QO ar
g l T rad
=0 ; : : ; -
g I|x & 2t @ (rad)
o 5 | 3 2 3
| Aok - px
Sinusoidal Waveform
-1 \
Pernodic Time
- (T:I -
Fig:AC Waveform General Representation
Example An alternating current i is given by ;

[ =1414sin 3141

Find (i) the maximum value (ii) frequency (iii) time period and (iv) the instantaneous value

when 1 is 3 ms.

Solution. Comparing the given equation of alternating current with the standard form

i= 1, sinot, we have,

(i) Maximum value, [, = 1414 A

(i) Frequency, /= w/2n=314/2n =50 Hz
(dif) Time period, 7= 1/f=1/50=0-02 s
(iv) i=1414sin314¢

Whenr=3ms=3x107s,
i=1414sin314x3x 107 =114-35A
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PeakandRMS Values

Values of Alternating Voltage and Current

In a d.c. system, the voltage and current are constant so that there is no problem of specifying
their magnitudes. However, an alternating voltage or current varies from instant to instant. A natural
question arises how to express the magnitude of an alternating voltage or current. There are four
ways of expressing it, namely ;

(i) Peak value (if) Average value or mean value

(iii) R.M.S. value or effective value (iv) Peak-to-peak value

Although peak, average and peak-to-peak values may be important in some engineering
applications, it is the r.m.s. or effective value which is used to express the magnitude of an alternating

voltage or current. )
vori
Peak Value i

It is the maximum value attained by an alter- Peak
nating quantity. The peak or maximum value of an value
alternating voltage or current is represented by V,,
or /. The knowledge of peak value is important in e
case of testing materials. However, peak value is not
used to specify the magnitude of alternating voltage
or current. Instead, we generally use rm.s. values to

specify alternating voltages and currents.

Average Value Fig. 11.14

The average value of a waveform is the average of all its values over a period of time. In per-
forming such a computation, we regard the area above the time axis as positive area and area below
the time axis as negative area. The algebraic signs of the areas must be taken into account when
computing the total (net) area. The time interval over which the net area is computed is the period 7'

of the waveform. .
Total (net) area under curve for time 7'

Time T’

Average value =

Average Value of Sinusoidal Current
The average value of alternating current (or voltage) over one cycle is zero. It is because the
waveform is symmetrical about time axis and positive area exactly cancels the negative area How-
ever, the average value over a half-cycle (positive or negative) is not zero. Therefore, average value

of alternating current (or voltage) means half-cycle average value unless stated otherwise.

The half-cycle average value of a.c. is that value of steady current (d.c.) which would send the
same amount of charge through a circuit for half the time period of a.c. as is sent by the a.c. through
the same circuit in the same time. It is represented by I, This can be obtained by integrating the
instantancous value of current over one half cycle (i.e. area over half-cycle) and dividing the result
by base length of half-cycle (= n).

The equation of an alternating current varying sinusoidally is given by ;

i =1,sin0 <
Consider an elementary strip of thickness @0 in the )
first half-cycle of current wave as shown in Fig. 11.15.

Let i be the mid-ordinate of this strip. i
Area of strip = i d0O

= LS 2 >0
Area of half-cycle = [id® == >
0 ﬂdol‘-
Y
= _[lm sin0do
. Fig. 11.15
= I,,[- cosB]g =21,
217
Average value, I, = Area of half-cycle _2L,
Base length of half-cycle =
or 1,, = 06371,

Hence, the half-cycle average value of a.c. is 0-637 times the peak value of a.c.

For positive half-cycle, /,, =+ 0-637 1,

For negative half-cycle, I, =— 0637 /,,

Clearly, average value of a.c. over a complete cycle is zero. Similarly, it can be proved that for
alternating voltage varying sinusoidally, V,, = 0637 V,,.
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