UNIT-I

Introduction to Electrical Circuits
1.1 OHM’S LAW

This law gives relationship between the potential differences (V), the current (1) and the resistance
(R) of a d.c. circuit. Dr. Ohm in 1827 discovered a law called Ohm's law. It states,

Ohm's law: 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,
provide the temperature remains constant.

<

Mathematically, | T =

Where | is the current flowing in amperes, the V is voltage applied and R is the resistance of the
conductor, as shown in the fig 1.

=<

Now I =

The unit of potential difference is defined in such a way such the constant of proportionality is unity.

v
Ohm's lawis, [ I = & amperes
V =1]R volts
\Y
T=comum=R ohms

The Ohm's law can be defined as, at constant temperature, the potential difference (V) between any two

points of a conductor is directly proportional to current () flowing through the conductor.
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Limitations of Ohm’s law:

The limitations of Ohm's law are

It is not applicable to the non linear devices such as diodes, zener diodes, voltage regulators etc.
It does not hold good for non-metallic conductors such as silicon carbide. The law for such

conductors is given by,

V = K I™Where K, m are constants.

1.2. Classification of Electrical Networks

The behaviour of the entire network depends on the behaviour and characteristics of
its elements. Based on such characteristics electrical network can be classified as below :

i) Linear Network : A circuit or network whose parameters i.e. elements like resistances,
inductances and capacitances are always constant irrespective of the change in time,
voltage, temperature etc. is known as linear network. The Ohm's law can be applied to
such network. The mathematical equations of such network can be obtained by using the
law of superposition. The response of the various network elements is linear with respect
to the excitation applied to them.

) Non linear Network : A circuit whose parameters change their values with change in
time, temperature, voltage etc. is known as non linear network . The Ohm’s law may not
be applied to such network. Such network does not follow the law of superposition. The
response of the various elements is not linear with respect to their excitation. The best
example is a circuit consisting of a diode where diode current does not vary linearly with
the voltage applied to it.

iii) Bilateral Network : A circuit whose characteristics, behaviour is same irrespective of
the direction of current through various elements of it, is called bilateral network.
Network consisting only resistances is good example of bilateral network.

iv) Unilateral Network : A circuit whose operation, behaviour is dependent on the
direction of the current through various elements is called unilateral network. Circuit

consisting diodes, which allows flow of current only in one direction is good example of
unilateral circuit.
v) Active Network : A circuit which contains at least one source of energy is called

active. An energy source may be a voltage or current source.

vi) Passive Network : A circuit which contains no energy source is called passive circuit.
This is shown in the Fig. 1.7.
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(a) Active network (b) Passive network
Fig. 1.7

vii) Lumped Network : A network in which all the network elements are physically
separable is known as lumped network. Most of the electric networks are lumped in
nature, which consists elements like R, L, C, voltage source etc.

viii) Distributed Network : A network in which the circuit elements like resistance,
inductance etc. cannot be physically separable for analysis purposes, is called distributed
network. The best example of such a network is a transmission line where resistance,
inductance and capacitance of a transmission line are distributed all along its length and
cannot be shown as a separate elements, any where in the circuit.

The classification of networks can be shown as,
Electrical circuits or networks

©) @ ® ®
[ ] [ ] ] [ ]
Active Passive Linear Nonlinear  Unilateral  Bilateral Lumped Distributed

Fig. 1.8 Classification of networks

1.3. Basic Circuit Components

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

Resistance
It is the property of the material by which it opposes I R
the flow of current through it. The resistance of element is o)t
denoted by the symbol 'R". Resistance is measured in ohms
Q). Fig. 1.9
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The resistance of a given material depends on the physical properties of that material
and given by,

o
—

where

Length in metres

Cross-sectional area in square metres
Resistivity in ohms-metres
Resistance in ohms

o v -
noon

P Resistivity in ohms-metres
R = Resistance in ochms
We can define unit ohm as below.

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

Now 4.186 Joules 1 Calorie

0.24 Calorie

hence 1 Joule

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 ohm 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 =¥
1

The power absorbed by a resistance is given by,

PH = vi= &= iR watts

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

t ] t
w= [ pdt= [ i?Rdt= [ vidt

Key Point: As i® term is always positive, the energy absorbed by the resistance is always
positive.
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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,

w

t
[ vidt= Vit joules
0

2
while, P=VI=VT=12R watls

1.10.2 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).

Laemmmmmem—— - Flux The Fig. 1.10 shows an inductance.
; e A= nkage’s The time varying voltage v(t) is the voltage
it) * TE T - across it. It carries a current i(t) which is also
time varying.
Key Point: For an inductance, the voltage across it
- vit) is proportional to the rate of change of current
Fig. 1.10 Inductance passing through it.
di(t
v(t) « %

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

i)
V(t) = L —ar

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

t
it) = % [ viodt

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,

_ N 90
V(t) = N a
The total flux linkages N¢ are thus proportional to the current through the coil.
N¢ = Li
N
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The power in the inductor is given by,

The energy stored in the inductor in the form of an electromagnetic field is,
di(t)

w = [ pt)dt= jll(z)__ dt
2
w = jL.(t)d(t)— (t)
R
W = Li*(t) joules

1.10.3 Capacitance
An element in which energy is stored in the form of an
electrostatic field is known as capacitance. It is made up of two

i(t)
0—-.———-' H
S conducting plates separated by a dielectric material. It is denoted
as ‘C’ and is measured in farads (F).
The Fig. 1.11 shows a capacitor. The voltage across it is time
varying v(t) and current through it is also time varying i(t).

S V{{}——=0
Fig. 1.11 Capacitor

Key Point: For a capacitor, the current through it is proportional to the rate of change of
voltage across it.

i) o d;ﬁ”

The constant of proportionality is the capacitor C.

dv(t)
dt

i(t) = C

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

Cc =3
v

The voltage across the capacitor is given by,
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v(t) = é j i(t) dt

The power in the capacitor is given by,

plt) = vi= Cv(t)%(tl)

The energy stored in the capacitor is given by,

w = j p(t) dt=j Cv(t) d:;(:) dt

2
w = jcV(t)dv(t)=c"—('—)

Cv3(t) joules

w =

Nl -

1.11 Voltage-Current Relationships for Passive Elements

The three passive elements are resistance (R), inductance (L) and capacitance (C). The
behaviour of these three elements alongwith the respective voltage-current relationship is
given in the Table 1.3.

The behaviour of the three elements can be summarized as,

Element Basic relation | Voltage across, | Current through, Energy
if current known | if voltage known
!
" Rey | WORRO | 0egn® [ e [ wa
L - N¢ di (1) ' Vi
S 5 w(h=L=g~ iL(t)=Ej v (Dt W= Ll
c . a ' dve (1) i
=3 |ve0=g [ ina | eW=CTF" | w=zCv

Table 1.3

Note that in the Table 1.3, vy,v; and v are the voltages across R, L and C
respectively while ig,i; and ic are the currents through R, L and C respectively.
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1.4. Energy Sources

There are basically two types of energy sources; voltage source and current source.
These are classified as i) Ideal source and ii) Practical source.

Let us see the difference between ideal and practical sources.

1.4.1 Voltage Source
Ideal voltage source is defined as the energy source which gives constant voltage
across its terminals irrespective of the current drawn through its terminals. The symbol for
ideal voltage source is shown in the Fig. 1.15 (a). This is connected to the load as shown in
Fig. 1.15 (b). At any time the value of voltage at load terminals remains same. This is
indicated by V- I characteristics shown in the Fig. 1.15 (c).

h A

+ + V.
® ol

o
¢
+

(vt‘vs

o
°

|
o
-

(a) Symbol (b) Circuit (c) Characteristics

Fig. 1.15 Ideal volitage source
Practical voitage source :

But practically, every voltage source has small internal resistance shown in series with
voltage source and is represented by R, as shown in the Fig. 1.16.

Internal
resistance Rse I V,
AN . .
Ideal When there is no
+ v, / load, 1, =0and
RV V=V,
& Practical
O - 0 lL
(a) Circuit (b) Characteristics

Fig. 1.16 Practical voltage source

Because of the R, voltage across terminals decreases slightly with increase in current
and it is given by expression,

V=R I +V,=V,-IL Re

Key Point : For ideal voltage source, R, =0 .
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1.4.2 Current Source

Ideal current source is the source which gives constant current at its terminals
irrespective of the voltage appearing across its terminals. The symbol for ideal current
source is shown in the Fig. 1.18 (a). This is connected to the load as shown in the
Fig. 1.18 (b). At any time, the value of the current flowing through load I, is same i.e. is
irrespective of voltage appearing across its terminals. This is explained by V-1
characteristics shown in the Fig. 1.18 (c).

Iy

o' ¥O Losc |:] “

(a) Symbol (b) Circuit (c) Characteristics
Fig. 1.18 Ideal current source
But practically, every current source has high internal resistance, shown in parallel
with current source and it is represented by R, . This is shown in the Fig. 1.19.

Internal
- 4 ideal R T ™ N o
\ sh = 4 ~ Thusasl,
NG Load v, Inaun.:._.
° - o W BN
(a) Circuit (b) Characteristic

Fig. 1.19 Practical current source

1.16.3 Dependent Sources

Dependent sources are those whose value of source depends on voltage or current in
the circuit. Such sources are indicated by diamond as shown in the Fig. 1.21 and further
classified as,

Fig. 1.21 Repruonhﬂonofdepondontsouren
i) Voitage Dependent Voltage Source : It produces a voltage as a function of voltages
elsewhere in the given circuit. This is called VDVS. It is shown in the Fig. 1.21 (a).

ii) Current Dependent Current Source : It produces a current as a function of currents
elsewhere in the given circuit. This is called CDCS. It is shown in the Fig. 1.21 (b).

iii) Current Dependent Voltage Source : It produces a voltage as a function of current
elsewhere in the given circuit. This is called CDVS. It is shown in the Fig. 1.21 (c).

iv) Voitage Dependent Current Source : It produces a current as a function of voltage
elsewhere in the given circuit. This is called VDCS. It is shown in the Fig. 1.21 (d).
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1.17 Combinations of Sources

In a network consisting of many sources, series and parallel combinations of sources
exist. If such combinations are replaced by the equivalent source then the network
simplification becomes much more easy. Let us consider such series and parallel
combinations of energy sources.

1.17.1 Voltage Sources in Series

If two voltage sources are in series then the equivalent is dependent on the polarities
of the two sources.

Consider the two sources as shown in the Fig. 1.24.

Vv, 9 v, 6
= ViV, = Vy+V,
V2 9 V2 e
(a) (b)

Fig. 1.24
Thus if the polarities of the two sources are same then the equivalent single source is
the addition of the two sources with polarities same as that of the two sources.

Consider the two sources as shown in the Fig. 1.25.

—) 0 —)

() &
~ CZD V-V, =~ C¢ (\32 >V,)
w(® Vo @

Y - o

(a) (b)
Fig. 1.25

1.17.2 Voltage Sources in Parallel

Consider the two voltage sources in
parallel as shown in the Fig. 1.26.

The equivalent single source has a v‘<‘> v, — Vy =V,
value same as V; and V. ~

It must be noted that at the terminals
open circuit voltage provided by each
source must be equal as the sources are in Fig. 1.26

parallel.

o
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1.17.3 Current Sources in Series

Consider the two current sources in series as
shown in the Fig. 1.27. '1(

——
D
The equivalent single source has a value same = Gi) L=1,
as I and L. 12(9
Key Point: The current through series circuit is "
always same hence it must be noted that the
current sources to be comnected in series must
have same current ratings though their voltage Fig. 1.27
ratings may be same or different.

1.17.4 Current Sources in Parallel
Consider the two current sources in parallel as shown in the Fig. 1.28.

o ——) o ——

) i1+ HONNOL D i

HONNOL

N
o
U
o

|
|

(a) (b)
Fig. 1.28
Thus if the directions of the currents of the sources connected in parallel are same then

the equivalent single source is the addition of the two sources with direction same as that
of the two sources.

Consider the two current sources with opposite directions connected in parallel as
shown in the Fig. 1.29.

- ——o © o
® @ = Onn ® Qb = Qi
(14> 1) (12> 1)
-0 ———) o —————0
(a) (b)
Fig. 1.29

Thus if the directions of the two sources are different then the equivalent single source
has a direction same as greater of the two sources with a value equal to the difference
between the two sources.

WAWW .Inhlfaq’rupda’rpq com 11




1.18 Source Transformation Ry

Consider a practical voltage source shown in
the Fig. 1.30 (a) having internal resistance R_, v R,
connected to the load having resistance R, .

Now we can replace voltage source by Fig. 1.30 (a) Voltage source
equivalent current source.

Key Point: The two sources are said to be equivalent, if they supply equal load current to

the load, with same load connected across its terminals .

The current delivered in above case by voltage source is,

\'
I = ——, R R, i i
®RL.+R)) s and R, in series (1)
If it is to be replaced by a current source then load current must be o ¥ e
(R +Ry)
Consider an equivalent current source °
shown in the Fig. 1.30 (b). Ln I
The total current is '1". uQD Ry SR,
Both the resistances will take current

proportional to their values.

From the current division in parallel circuit
we can write,

Fig. 1.30 (b) Current source

R
I, = Ix—0 (2
t X(th +RI.) ( )

Now this I, and must be same, so equating (1) and (2),

Vv
R, +R,
A\ IxR,,

R .+R, ~ Ry +R,

The internal resistance, R, = Ry, ... Equating denominator
Then, V = IxR, = IXR,
or Fa g
¥ =
[ = \Y%
R, .- Ry, =R,

Key Point : If voltage source is converted to current source, then current source I = RL
se
with parallel internal resistance equal to R ,.
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Key Point : If current source is converted to voltage source, then voltage source V =1Rg

with series internal resistance equal to R .

The direction of current of equivalent current source is always from -ve to +ve,
internal to the source. While converting current source to voltage source, polarities of
voltage is always as +ve terminal at top of arrow and -ve terminal at bottom of arrow, as
direction of current is from -ve to +ve, internal to the source. This ensures that current
flows from positive to negative terminal in the external circuit.

Note the directions of transformed sources, shown in the Fig. 1.31 (a), (b), (c) and (d).

Ree Ree
\'"J \"/
(@ 1= ®) 1=
Ry Rqp,
® Ry = V 10) %R,ﬁ zv{{%
(€) V=IxR,, (d) V=IxR,,

Fig. 1.31 Source transformation

nmp Example 1.4 : Transform a voltage source of 20 volts with an internal resistance of 5 Q
to a current source.

Solution : Refer to the Fig. 1.32 (a).
50

20 v mﬁb gsu

(a) (b)

Fig. 1.32
Thmcurrmtnfcurreﬂtmumeis,f=%=-259-=4&withintemalpaml!elrmishm
g

same as R ..
. Equivalent current source is as shown in the Fig. 1.32 (b).
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ymp Example 1.5 : Convert the given current source of 50 A with internal resistance of 10 Q
to the equivalent voltage source.

° A

soAQ®) 100

©B
Fig. 1.33

Solution : The given values are, =50 Aand R, =10Q .
For the equivalent voltage source,
V= IxRy =50x10= 500V
V= IxRy =50x10= 500V
R,. = R,, =10Q in series.

The equivalent voltage source is shown

1
in the Fig. 1.33 (a). e
Note the polarities of voltage source,
which are such that +ve at top of arrow gy ¥

and -ve at bottom.

Fig. 1.33 (a)
1.19 Series Circuit

A series circuit is one in which several resistances are connected one after the other.
Such connection is also called end to end connection or cascade connection. There is only
one path for the flow of current.

1.19.1 Resistors in Series
Consider the resistances shown in the Fig. 1.34.

The resistance R,, R, and Rs are
said to be in series. The combination
is connected across a source of

voltage V volts. Naturally the current - + W o )
flowing through all of them is same Yoo T
indicated as I amperes. e.g. the chain ' Vi =I~ V2 ==‘ Vgl
of small lights, used for the Il

decoration purposes is good example *lll'_

of series combination. V volts

Fig. 1.34 A series circuit
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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, \
Now according to Ohm's law, V;
Current through all of them is same i.e. I
V = IR, +IR, +IR; =I(R, +R, +R;)

lRl ’ V2 =IR2' V3=l R3

Applying Ohm's law to overall circuit,

V = IRy
where R, = Equivalent resistance of the circuit. By comparison of two equations,
Rq = R‘ + Rz + R3

ie. 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,y+ ...... +R,

1.19.1.1 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,

1.19.2 Inductors in Series
Consider the Fig. 1.35 (a). Two inductors L, and L, are connected in series. The
currents flowing through L, and L, are i, and i, while voltages developed across
L, and L, are V;; and V,, respectively. The equivalent circuit is shown in the
Fig. 1.35 (b).
di di

di
Wehave, Vi, =L, —- and V,=L,-2 while i=Lqg

I dt dt 2

For series combination,
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iy + Vit in + iz i+ VL
1 = 2 & S
o—e— IO ° oI o
Ly L Leq
(@) Fig. 1.35 (b)
and i = WtV
di di di
Lq Et- = L' a—t- + LZ a—
di di
ch aT — (Ll + Lz )a
L,,I = L, +L,

That means, equivalent inductance of the series combination of two inductances is the
sum of inductances connected in series.

The total equivalent inductance of the series circuit is sum of the inductances
connected in series.
For n inductances in series,

Leq=l,]+l,2+L3+...+Ln

1.19.3 Capacitors in Series

Consider the Fig. 1.36 (a). Two capacitors C,and C, are connected in series. The
currents flowing through and voltages developed across C, and C, are i, i, and
Veyand V, respectively. The equivalent circuit is shown in the Fig. 1.36 (b).

iy +VC1.. iz :’cz l *vc
ol s M
C C, Coa
(a) Fig. 1.36 (b)
L ¢ It : I
We have, V. = C_,_-[_l'dt' Vo = C_z_-[_lzdt while V = c. :[.:dt

For series combination,

i= 1, =1, and

Y=tk -
I t q t " t
-C—;-J-Idt = C—l-j-ldt'i’c—z—l-lzdl
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But i

[

-
—

|

—_
~

m L
Ko ol
T R 3

_ GG
Cu = 36

That means, reciprocal of equivalent capacitor of the series combination is the sum of
the reciprocal of individual capacitances.

The reciprocal of the total equivalent capacitor of the series combination is the sum of
the reciprocols of the individual capacitors, connected in series.

For n capacitors in series,

1 1
M W R AR

1.20 Parallel Circuits

The parallel circuit is one in which several resistances are connected across one
another in such a way that one terminal of each is connected to form a junction point
while the remaining ends are also joined to form another junction point.

1.20.1 Resistors in Parallel
Consider a parallel circuit shown in the Fig. 1.38.

In the parallel connection shown, the three resistances R, , R, and R, are connected in
parallel and combination is connected across a source of voltage “V'.

In parallel circuit current passing through each
resistance is different. Let total current drawn is say
*1' 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.

Ohm's law to each resistance.
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<
l

ll Rl’ V=12R2, V= lJRJ
\% \Y% \'

II = R—‘, lz-R—z, laﬂ"-‘?
l = ||+lz+13=-kv—l+%.+%

1 1 1
¥ [a—.*ﬁ:*ﬁz]

For overall circuit if Ohm's law is applied,

V = IRy
and 1= -
oq
where R = Total or equivalent resistance of the circuit
Comparing the two equations,
e 0 A
Ry, R K; K,

where R is the equivalent resistance of the parallel combination.

In general if ‘n' resistances are connected in parallel,

.1_ = _1-+_1_+L+ + 1
R — Rl Rz R3 cccccc

Conductance (G) :
1

It is known that,-R- = G (conductance) hence,
G = Gl +Gz+G3+ ...... + Gn
Important result :
Now if n = 2, two resistances are in parallel then,
o 3.1
B" Bk
_ KRR,
B R, +R,

. (1)

i @

... For parallel circuit

This formula is directly used hereafter, for two resistances in parallel.
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1.20.1.1 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+, +l3+....+],

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.

1.20.2 Inductors in Parallel
Consider the Fig. 1.39 (a). Two inductors L, and L, are connected in parallel. The

currents flowing through L, and L, are i, and i, respectively. The voltage developed
across L, and L, are V,, and V;, respectively. The equivalent circuit is shown in

Fig. 1.39 (b).
..
3 L
IO
Ly Lo
—_ ——— o o— T ——
o A2 _ Leq
T
L
(a) Fig. 1.39 (b)

For inductor we have,
1 L 1
y 1 " 1 T 1
i, =— |V, dt, i, = — | V,,dt, while i=— |V, dt
1 L| _I. L1 2 Lz I. © Leq -I. L

For parallel combination,
Vi = V=V, and

i= i, +1,

t t 1
1 1 1 1
L—. _I-VL dt + C -I-VL dt = (L—l + L—2 ].I.VL dt

R S
Sl Rl =

t
_I_VL‘“

That means, reciprocal of equivalent inductance of the parallel combination is the sum
of reciprocals of the individual inductances.
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That means, reciprocal of equivalent inductance of the parallel combination is the sum
of reciprocals of the individual inductances.
For n inductances in parallel,
1 1 1 1

LI A L e

Ly L L, L,
1.20.3 Capacitors in Parallel
Consider the Fig. 1.40 (a). Two capacitors C, and C, are connected in parallel. The
currents flowing through C, and C, are i, and i, respectively and voltages developed
across C,, C, are V; and V-, respectively.
The equivalent circuit is shown in the Fig. 1.40 (b).

v,
i *1‘1:'1
"
C, Ve
s i 4E
b Ve2 Ceq
G
(a) Fig. 1.40 (b)
dv, (LAY V,
For capacitor we have, i, =C, _E:l’ i, =G, —dfll, while i= Cce dd_:'.
For parallel combination,
Yoo = Vo =Y% and
i= 1, +1i
W _ 0N, o O
Caa = O *Ga
dv; av;
g VGYay
Cq = G +GC

That means, equivalent capacitance of the parallel combination of the capacitances is
the sum of the individual capacitances connected in series.

For n capacitors in parallel,
Cq =G +C+...+G
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The Table 1.4 gives the equivalent at 'n' basic elements is series,

Equivalent

Req™ Ry +Rp #+ Ry + .+ R,

lg=litlatlg+.. +L,

‘n' Capacitors in series
c, c, Cy C.

1 1

1
G &GS

Table 1.4 Series combinations of elements

The Table 1.5 gives the equivalent of 'n’ basic elements in parallel,

Element Equivalent
‘n" Resistances in parallel
v e —-—1— = 1 + 1 E R ‘
O | e

‘'n' Inductors in parallel

SR I

‘'n' Capacitors in paraliel

PR,

Ceq®Cy+Cy ¢ ..+ C,

Table 1.5 Parallel combinations of elements
Key Point : The current through series combination remains same and voltage gets divided
while in parallel combination voltage across combination remains same and current gets

divided.
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Example 1 : Find the equivalent resistance between the two points A and B shown in
the Fig. 1.42.

3Q

TR

1Q
o—AMN—
A 5Q 6Q B
—AMA——AWW—4—
‘79
Fig. 1.42

Solution : Identify combinations of series and parallel resistances.
The resistances 5 2 and 6 (2 are in series, as going to carry same current.
So equivalent resistance is 5 + 6 =110

While the resistances 3 Q , 4 £, and 4 Q are in parallel, as voltage across them same
but current divides.

. . , 1 1,1,1 10
. Equivalent resistance is, R = '§+E+E_ﬁ
12

Replacing these combinations redraw the figure as shown in the Fig. 1.42 (a).

21} Series 1240 Parallel

10
ik 14

Parallel

Fig. 1.42 (a) Fig. 1.42 (b)
Now again 1.2 Q and 2 Q are in series so equivalent resistance is'2 + 1.2 = 3.2 £ while
11 2 and 7 Q are in parallel.

" R1Rz " . . 11=7 _ 77 _
Using formula R, +R, equivalent resistance is == = 18 =4.277Q .
Replacing the respective combinations redraw the circuit as shown in the Fig. 1.42 (b).
Now 3.2 and 4.277 are in parallel.
. 3.2x4.277
Replacing them by 355az77 = 1502

Rag = 1+ 1.8304 = 2.8304
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1.21 Short and Open Circuits
In the network simplification, short circuit or open circuit existing in the network plays
an important role.

1.21.1 Short Circuit
When any two points in a network are

- —

joined directly to each other with a thick . Ias 1 i

metalic conducting wire, the two points are e ' : e

said to be short circuited. The resistance of < Vag =0 | Network

m'dhg—o =0 ] )

such short circuit is zero. wire Fae AT S oL
[

The part of the network, which is short B (v

circuited is shown in the Fig.143. The —
points A and B are short circuited. The Fig. 1.43 Short circuit

resistance of the branch ABis R =0Q .
The curent Ixs is flowing through the short circuited path.
According to Ohm's law,
Vag = RexXIg=0xIg=0V

Key Point : Thus, voltage across short circuit is always zero though current flows through
the short circuited path.

1.21.2 Open Circuit

When there is no connection between the two points of a network, having some
voltage across the two points then the two points are said to be open circuited.

As there is no direct connection in an
open circuit, the resistance of the open circuit
is oo,

The part of the network which is open
circuited is shown in the Fig. 1.44. The points
A and B are said to be open circuited. The
resistance of the branch ABis R, == Q.

There exists a voltage across the points
AB called open circuit voltage, Vas but R, == Q.

According to Ohm's law,
L. = %ﬁ:v_ﬂ_OA

Key Point : Thus, current through open circuit is always zero though there exists a voltage
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1.22 Voltage Division in Series Circuit of Resistors

Consider a series circuit of two resistors R, ; R, R,
and R, connected to source of V volts. —AMA AMA~

As two resistors are connected in series, the
current flowing through both the resistors is v<,>
same, i.e. I. Then applying KVL, we get, -

Vv IR, +IR,

\ Fig. 1.46
R, + K,

I =

Total voltage applied is equal to the sum of voltage drops V,, and V, across
R, and R, respectively.

\4 R
Va R, +R, R, [R,+R,]
Similarly, Vi = I.R;

v R,
Y = R, +R, ‘R -[R,+Rz:|v

So this circuit is a voltage divider circuit.

mp Example 1 : Find the voltage across the three resistances shown in the Fig. 1.47.

Ry R, Ry
———— AN —————AMN AN\~
100 200 300

—

J
60 V

Fig. 1.47
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\'4

Solution : I = m ... Series circuit
60
= f0v20730 A
V, IR, = M1 g v
mo= IR = gaReR, X0 =10
VxR,
VRJ = IRz-m-IXZO-ZOV
VXR3
and VRJ = IR3-__—_R‘+R2+R3 _1xw_30v

Key Point : It can be seen that voltage across any resistance of series circuit is ratio of that
resistance to the total resistance, multiplied by the source voltage.
1.23 Current Division in Parallel Circuit of Resistors

Consider a parallel circuit of two resistors
R, and R, connected across a source of V volts.

Current through R, is I, and R, is I, while

total current drawn from source is 1. h I2
I = I, +1, v Ry R,
Vv Vv
But ll = R—l, ll = R—.
ie. V=R, = LR, Fig. 1.48

Iy

I
-
TR
~
N~
N’
+
h.l-‘
~—
| e,
-”I.?’
-

o
—
I
A
ey

~
Fl +

~

~
_

R,
Now L = Iry=- 1L = I [Rn"’Rz] Iy
L [Rl"'R:"Rl ]l
! R, +R, ¥

Key Point : In general, the current in any branch is equal to the ratio of opposite branch
resistance to the total resistance value, multiplied by the total current in the circuit.
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mmp Example 1 : Find the magnitudes of total current, current through R, and R, if,
Ri=10Q,R,=20 Q,and V=50 V.

<
NEs
i

Fig. 1.49

Solution : The equivalent resistance of two is,
R, R, _ 10x20

Ra/ = R 105030 ~ o8
vV 50
= g cgg=75A

As per the current distribution in parallel circuit,

R, ). 20
. IT(RI +R, )‘ 7'5"(10+20)

5A

—
—
|

N R, L 10
and [2 = l-r(m)—?SX[m)

25A
Itmbe Veri.ﬁed that lT =“ +Iz

n
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1.26 Loop Analysis or Mesh Analysis
This method of analysis is specially useful for the circuits that have many nodes and

loops. The difference between application of Kirchhoff's laws and loop analysis is, in loop
analysis instead of branch currents, the loop currents are considered for writing the
equations. The another difference is, in this method, each branch of the network may carry
more than one current. The total branch current must be decided by the algebraic sum of
all currents through that branch. While in analysis using Kirchhoff's laws, each branch
carries only one current. The advantage of this method is that for complex networks the
number of unknowns reduces which greatly simplifies calculation work.
included at least once in any of the

Consider following network shown o R,
$ c
WV
Ry > Va
Iz
IOOPS. F D

in the Fig. 1.55. There are two loops. So A A -
Now branch B-E carries two currents; Fig. 1.55

assuming two loop currents as |, and I,. §
Key Point: While  assume  loop vy ,)
currents, consider the loops such that = .
1
E
I, from B to E and 1, from E to B. So net current through branch B-E will (I, -1,) and
corresponding drop across R, must be as shown below in the Fig. 1.56.

each element of the network will be

Rs Rs
B o——AWW——E Bo——AMW—E
+ - - K
—_—(ly=1y) -—(lp=1y)

Consider loop A-B-E-F-A,

For branch B-E, polarities of voltage drops will i Ry 8
be B +ve, E —ve for current I, while E +ve, B -ve I

VW
for current I, flowing through R,. + =
Now while writing loop equations assume main V'(f) > §R3
loop current as positive and remaining loop current h -

must be treated as negative for common branches.
Writing loop equations for the network shown

in the Fig. 1.57. Fig. 1.57
Forloop A-B-E-F-A,

+

F E

-LR, =1, R, +I;R, +V{ =
Forloop B-C-D-E-B

I
=]

-LR, -V, -1, Ry +LR, 0

By solving above simultaneous equations any unknown branch current can be
determined.
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1.26.1 Points to Remember for Loop Analysis

1. While assuming loop currents make sure that at least one loop current links with
every element.

2. No two loops should be identical.
3. Choose minimum number of loop currents.
4. Convert current sources if present, into their equivalent voltage sources for loop
analysis, whenever possible.
5. If current in a particular branch is required, then try to choose loop current in such
a way that only one loop current links with that branch.
1.26.2 Supermesh
Key Point: If there exists a current source in any of the branches of the network then a loop
can not be defined through the curremt source as drop across the current source is unknown,
~ from KVL point of view.
For example, consider the network shown in the Fig. 1.58. In this circuit, branch B-E
consists of a current source. So loop ABEFA can not be defined as loop from KVL point of
view, as drop across the current source is not known.

In such case, to get the required equation
interms of loop currents, analyse the branch A ,‘Rl A B ':X' C

consisting of a current source independently.

Express the current source interms of the

assumed loop currents. For example, in the VCZ) <>|A §R3

Fig. 1.58 analyse the branch BE. The current Iy [

source is of I A in the direction of loop current

I. So I; is more than I; and we can write an

Sption, Fig. 1.58
1 = 12 — ll

F E D

So all such branches, consisting current sources must be analysed independently. Get
the equations for current sources interms of loop currents. Then apply KVL to the
remaining loops which are existing without involving the branches consisting of current
sources. The loop existing, around a current source which is common to the two loops is
called supermesh. In the Fig. 1.58, the loop ABCDEFA is supermesh.

1.27 Node Analysis

This method is mainly based on Kirchhoff's Current Law (KCL). This method uses the
analysis of the different nodes of the network. We have already defined a node. Every
junction point in a network, where two or more branches meet is called a node. One of
the nodes is assumed as reference node whose potential is assumed to be zero. It is also
called zero potential node or datum node. At other nodes the different voltages are to be
measured with respect to this reference node. The reference node should be given a
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number zero and then the equations are to be written for all other nodes by applying
KCL. The advantage of this method lies in the fact that we get (n - 1) equations to solve if
there are ‘n' nodes. This reduces calculation work.

Consider the following network shown in the Fig. 1.61.

1 ’V::A, 2 Vy ‘VICQV\ Vv,
I
I3 Is
W@ ® LN OO I g o
s L
Reference node Node 0
Node 0
Fig. 1.61 Fig. 1.62

Let voltages at node 1 and node 2 be V, and V,. Mark various branch currents as
shown in the Fig. 1.62. Now analyse each node using KCL independently.

Now applying KCL at node 1,

h-L-L =0 SE 5 |
At node, L+L-Is =0 ves )
The currents in these equations can be expressed interms of node voltages as,
Vi _Mi-Vy)
e s e - (3)
M-Va) vV, _
snd L+ K _E__o . (4)

As I; and I; are known, we get two equations (3) and (4) with the two unknowns V;
and V2. Solving these equations simultaneously, the node voltages Vi and V2 can be
determined. Once V; and V; are known, current through any
branch of the network can be determined. If there exists a Vv,
voltage source in any of the branches as shown in the Fig. 1.63
then that must be considered while writing the equation for the R
current through that branch.

Now V; is at higher potential with respect to base, forcing Va
current I downwards. While polarity of V, is such that it tries
to force current upwards. So in such a case equation of current -
becomes, Fig. 1.63
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1 & VI;RV‘ ... I leaving the node

If the direction of current I is assumed entering the node then it is assumed that V, is

more than V; and hence equation for current I becomes,
vx_vl

I = R

... I entering the node

1.27.1 Points to Remember for Nodal Analysis

1. While assuming branch currents, make sure that each unknown branch current is
considered at least once.

2. Convert the voltage source present into their equivalent current sources for node
analysis, wherever possible.

3. Follow the same sign convention, currents entering at node are to be considered
positive, while currents leaving the node are to be considered as negative.

4. As far as possible, select the directions of various branch currents leaving the
respective nodes.

1.27.2 Supernode

Consider a circuit shown in the Fig. 1.64. In this circuit, the nodes labelled V, and V,
are connected directly through a voltage source, without any circuit element. The region
surrounding a voltage source which connects the two node directly is called supernode.

In such a case, the nodes in supernode region can be analysed seperately and the
relation between such node voltages and a source voltage connecting them can be
separately obtained. In the circuit shown in the Fig. 1.64 we can write,

In addition to this equation,
apply KCL to all the nodes assuming
different branch currents at the
nodes. The current through voltage
source, connecting supernodes must
be expressed interms of node
voltages, using these KCL equations.
Then the resulting equations and
supernode equation are to be solved
simultaneously to obtain the

required unknown.

Fig. 1.64 Region of Supernode
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1.27.3 Steps for the Node Analysis

Step 1 : Choose the nodes and node voltages to be obtained.

Step 2 : Choose the currents preferably leaving the node at each branch connected to
each node.

Step 3 : Apply KCL at each node with proper sign convention.

Step 4 : If there are supernodes, obtain the equations directly interms of node voltages
which are directly connected through voltage source.

Step 5§ : Obtain the equation for the each branch current interms of node voltages and
substitute in the equations obtained in step 3.

Step 6 : Solve all the equations obtained in step 4 and step 5 simultaneously to obtain
the required node voltages.

Key Point: If there are many number of branches in parallel in a network then node method
is advantageous for the network analysis.

iy Example 1.12 : Find the current through each resistor of the circuit shown in the
Fig. 1.65, using nodal analysis.

0.5Q
MWW
10 10
1Q 20
15V = Tl20v
Fig. 1.65

Solution : The various node voltages and currents are shown in the Fig. 1.65 (a).

— AM &
I, Iy
1Q 1Q

1Q 2Q

15V 20V
Fig. 1.65 (a)

At node 1, -h-L-I =0
1 1 0.5 | =
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-Vi+15-Vi=-2V; +2V2 = 0
4V, -2V, = 15 s 1)
At node 2, h-L-Is = 0
Vi-Va Vs Vo-2 _ o
0.5 2 1
Vi =2V =05V =V2+20 = 0
2V1-35V: = =20 .(2)
Multiplying (2) by 2 and subtracting from (1) we get,
5V, = 55
V, =11V
and Vi = 925V
Hence the various currents are,
I, = ¥=9.25-15=-5.75A ie.575A T
L, = ¥=9.25A
L = A2 . 35A0e35A
I, = -\—;:- =55A
) Example 1.41 : For the circuit shown in Fig. 1.94, determine the voltages (i) V# and

(ii) Vg

Fig. 1.94

Fig. 1.94 (a)
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Apply KVL to loop abcda,

-2L-3L-5L+10 = 0
- 10, = -10
L = 1A
Apply KVL to loop efghe,
5I,-10+30L,+21, = 0
101, = 10
I, = 1A
Due to I; and I,, various drops are shown in Fig. 1.94 (b).
20 50
a _m\: b e~—'\_l‘Y\\l,\:—f
1ov - IQ §V§E3° + f_"v\mﬁ%v C\Iz = tov
S V+ +3 V-
d __4\2,‘\;\, c h S0 g

Fig. 1.94 (b)
1) We want V, :

Trace the path df as shown n the Fig 1.95.

—5V+ —-3V=+ ‘1]°V —2V+ —-5V+
d o——AAAA ~AAAA o F———o——AAA VWA
s5Q c 3Q b ’ h 20 e s5Q
Fig. 1.95
Vg = 10-5-3-2-5

-5 V with - ve on d side and +ve on f side

Vs 5 V with d negative with respect to f
2) We want V. :

Trace the path ag as shown in Fig. 1.96.

2V oV 3V
& - * . + -
."‘w——"—_—lf ° A AAAS ©
g
Fig. 1.96
Vg = 10+2+3
Vag = 10 +2 +3 =15V with a positive with respect to g.
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mmp Example 1.25 : Assuming ammeter has zero resistance, calculaie its reading when
conmected in the circuit as shown in the Fig. 1.78.

100 50
MW AAAA

%00 ®

20 Vv

Fig. 1.78

Solution : Let us use loop current method.
Consider the loop currents and corresponding polarities in each loop assuming
respective loop current positive.
10Q 5Q
c Consider loops and apply KVL
Loop A-B-E-F-A,

—awwwnw—27= AMA
-+ - + -
90V
it —-101, —30(1, —1,)—51, +90=0
] 'Qwoé b\) @ 451, -301, = 90
50 -9 + 1 2
-
F

31,-21, =6 e (1)
E D
Fig. 1.78 (a)
™ 100 8 Loop B-C-D-E-B as shown in Fig. 1.78 (c),
0N ; + (Drop across ammeter is zero as its
- (14 "2)‘ 30Q resistance is given to be zero.)
sQ I" - ie. 61, -71, =0 (2
v B

Apply Cramer’s rule,
Fig. 1.78 (b) ey

o N T e
per<as 3 6
_ oS 18] s
300 é Yo,-19) <A> 5 o
= L=p=—5 -467A
Fig. 1.78 (c) ‘==%"=:§ “raan

~. Current through the ammeter is 4 A, hence ammeter reading = 4 A.
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mmp Example 1.26 : In the circuit shown in the Fig. 1.79, use the loop analysis to find the
power delivered to the 42 resistor.

D
./
2A
1Q 30
—WW—
>
24V O §4n
Fig. 1.79
Solution : The various loop currents are shown in A ,2% .
the Fig. 1.79 (a). The problem consists of current 7 l
sources hence follow supermesh steps. = -

Loops can not be defined through current +1Q- p +30Q.
sources. So analyse the branches consisting of Cr—wWw\ IW—E
current sources first. ‘o

From branch A-B we can write, il I:) GDB?D -%‘0

I, = 2A - (1) F & H
From branch D-G we can write, Fig. 1.79 (a)
L-1, = 8A R v+ ]
Now apply KVL to the loop without current source i.e.
loop C-D-E-H-G-F-C,
=1xL-1xL-3;-3L,-4,+24 = 0
413"'712'.']12 24 ...(3)
Using (1) and (2) in (3) we get,
B+7L+(I,-8) = 24
812 = 24
Iz = 3A
This is current through 4 Q resistor. So power delivered to the 4 Q resistor is,
P = I13x4
= 3¥x4=36W
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mmp Example 1.29 : Using mesh analysis, calculate the current I; shown in the Fig. 1.82.

7Q 50 9 Q
—VWW—1— WW—TWW—
oD o)
A A
av(:) 3A 5A
*)av
-
Fig. 1.82

Solution : The various loop currents are shown in the Fig, 1.82 (a).

2V
, h
Fig. 1.82 (a)
Analyse the branch e-f,
3=1-] o (1)
Analyse the branch f-g,
5 =L-1 v (2)
Applying KVL to the loop a-b-c-d-g-h-i-a,
Ty =5L=-9L-2+8 =0
+7L+5L+9] = +6 v (3)
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Analyse the branch e-f,

3= L=}
Analyse the branch f-g,
5 =L-1
Applying KVL to the loop a-b-¢c-d-g-h-i-a,
N -5L-9,-2+8 = 0
+7L+5L+9]; = +6
Substituting from (1) and (2),
7L +5@+L)+9(, -5 = 6
7L+15+5L, +95,-45 = 6

211, = 36
I, = 17142 A

... (1)

. @

... (3)

1P Example 1.30 : For the circuit given in the Fig. 1.83, find the branch currents I,,1,,14

and node voltages V; andV,.

I
V, —_— Vz

Fig. 1.83
Solution : Use node analysis method.
At m l, "'3‘-[1 "Iz = 0 e (1)
Atmz, '2 -I3-5 = 0 . eve (2)
V, Vv, -V. V.
Now ll STII lz=_l_3__1_, l3='72
W s S Y
& [—s—"] =0
0.5 V| "0.333 V2 = 3 oo (3)
Vi-V, V, _
And —3 "3 = 5
0333 V,-08333 V, = 5 .. (4)
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05 -0333
Lo 0333 -01;:433]”030556
3 -0333
Di = |5 _ggaa| = 0
05 3
= =1
P2 = |03 5| >
V, = %‘:um V and v,=%2-=-4.909v

ll = %=0-45‘5A
I, = !‘-#:2.5454 A
Iy = %=-z4545 A=24545 1

=y Example 1.35 : What is the supply voltage V in order to get 1 ampere in 3 Q resistor.

(Nov./Dec.-2003)
80 20 1Q
1 ampere
+
VT [] 6Q 60Q N
120 10 29
L_..._J.
Fig. 1.88
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Solution :
Step 1:
Show the various loop currents.
Step 2 :
Show the polarities of drops due to these loop currents.

Fig. 1.88 (a)
Step 3 :
Apply KVL to various loops,
-8l, -6, +6I,-12, +V = 0
261,-61, =V w (1)
=21,-61,+61,-1,-61,+61, = 0
61,-151,+61, = 0 w (2)
=13=313-21;-61,+61, = 0
61,-121, = 0 w (3)
But I3 = Current through 3Q =1 A given
So from (3), I,:u%sﬂA
From (2), 61, -15x2+6x1 = 0
[, = 4A
From (1), 26x4-6x2 =V
V=2V .. Supply voltage
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mmp Example 1.36 : Calculate the current in the 50 ohms resistor in the network shown in the
Fig. 1.89 using Mesh analysis. (April/May-2005)

AW

20Q
—WWW———
30Q 400Q

<& >
> 600 isoo 100
L 200

14 .T ]

= =
100 V S0V
Fig. 1.89

Solution : The mesh currents are shown in the Fig. 1.89 (a).

. 200 _

A
c - bD. - +

Fig. 1.89 (a)
Applying KVL to the three loops,
~301 +301;~50 1, + 50 I, =20 + 100~ 60 I, = 0 ... Loop I
1401, -501,-301; = 80 «. (1)
-401,+401,-10, +50 +20-501,+501; =0 ... Loop I
-201;,-401;+401,-3013+301; =0 ... Loop III
0L +40,-91; = 0 wi 3

Solving equations (1), (2) and (3),
I, = 16489 A,1,=21214 A, I; = 14925 A
Thus the current through 50 Q is,
Igg = 1) -1, =1.6489 - 2121 = - 0.4721 A ie. 04721 AT
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iy Example 1.37 : Calculate the voltage across the 15 ohms resistor in the network shown in

Fig. 1.90 using Nodal analysis. (April/May-2005)
20Q 15Q 10Q
—AMW—
+ +
100V= 1OQ§ 10Q 8oV
<
Fig. 1.90

Solution : The node voltages are shown in the Fig. 1.90 (a).
Applying KCL at node A and B,

v V,
200 YA, 150 A 10Q
o s
+
—T.—_EOV
';-‘ Base node
Fig. 1.90 (a)
-L-L-L; =0 ie L+L+L;=0 e (1)
-l-I5 = 0 )
The expressions for the various currents are,
V, —100 \/
I = —“—2()——=o.05vA-5, b:ﬁ:O.IVA
I = v“-v°=0.066VA-0.066V3, 14-¥3-=o.1v,

15
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=0] Vs-s

I; =

Using in (1) and (2) ,
O-OSVA-5+0.1 VA+0%66vA-00666V8=0

Vy -80
10

ie. 0.21666 V, - 0.0666 Vg = 5 .. 3)
0.0666 V, — 0.0666 Vg - 0.1 Vg — 0.1 Vg + 8 =0
ie. - 0.0666 V, + 0.2666 Vg = 8 . ()

Solving (3) and (4) simultaneously,
Vo =3V and Vg=3875V

Vag = 38.75 - 35 = 3.75 V with B positive

ymp Example 1.38 : Find the currents through various resistors in the circuit. Determine

Vge+ Vep and power across 1.5 k K2 resistor. (Nov./Dec.-2005)
1kQ B 68kQ
A AA— E
+ +
10V= — 15V
F 220 C 4760 ©
Fig. 1.91
Solution : Let us use node voltage method.
A A" I
AN P AN -
+ +
0V= g 15 Q = 15V
AN AAAA
F 2.2kQ —_-C 4.7 kQ D
Base node
Fig. 1.91 (a)
Applying KCLatB, -1, -I,-I3=0 ie I +L+I;3=0 (1)
Considering entire path from B to C through A and F,
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Vg -10

) = ————— =3125x10"" V5 - 3.125x107°
(1+2.2) x10
VB —0 -4 *
L = 7 = 6.666x107" Vg ... V¢ =0 as C is base node
1.5x10

Vg -15

I = 7 = 8.695x107° Vy —1.3043x10~°
(6.8+4.7) x10

... considering path B-E-D-C
Using 1, , I, and I3 in equation (1) ,
3.125x107* Vg -3.125x10? + 6.666x10* Vg + 8.695%x10™ Vg - 1.3043x10"% = 0

-3
Vg = S0 LR
1.06605% 107>

Thus Vec = 4154V
The current through 1 kQ and 22kQis 1,

I, = -18266x10 A i.e. 1.8266 mA flowing from C-F-A-B
The current through 1.5 kQ is I, = 2.7695 mA flowing from B to C.
The current through 6.8 kQ and 4.7 kQis 15,

I = -0.9431x10"*A ie. 0.9431 mA flowing from C-D-E-B
And Vop = 13x4.7x10% = - 44322 V ie. 44322 V with C positive.

mmp Example 1.39 : Find equivalent resistance between points A-B.

15Q 100

6Q 40

Fig. 1.92
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Solution : Redrawing the circuit,

Series
combination
A
sax A Ziwa ~ 1oy 10
C D
60 “
C 8o an D o
Fig. 1.92 (a)
Ao A o-
Parallel —’;(“ .3 '\"‘n‘.
= \149 = Rpg = 21|14
Bo B o
Fig. 1.92 (b)
21x14
RAB = m = 8.4 Q

mmp Example 1.40 : Find equivalent resistance between points A-B.

150 100
C D
602 40
Fig. 1.93
Solution : Redraw the circuit,
Ao Ao
150
15Q 100
Cc D =
4Q :
e 602
Beo Bo

Fig. 1.93 (a)
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15Q

AV~

A o- Ao
10 -
10 "
=24Q
B o B ©
Fig. 1.93 (b)

Rup = 840
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Fundamentals of Alternating Circuits

Let us discuss in brief, the ac. fundamentals necessary to analyse the networks
consisting of various alternating current and voltage sources, resistances and inductive,

capacitive reactances.

Quantity
(Current or )
Amplitude
5 Tine
Cycie
e TIME PEN0O0 it
T

Fig. 0.28 Waveform of an alternating quantity

Instantaneous Value

Alternating e.m.f. 4 Ampihude
emu
e, e,
{Em
| f x 2r o<
o] 4 L
£,

Time period

T seconds

one cycle

Fig. 0.29 Waveform of an alternating e.m.f.

An alternating current or
voltage is the one which changes
periodically both in magnitude
and direction. Such change in
magnitude and  direction is
measured interms of cycles. Each
cycle of a.c. consists of two half
cycles namely positive cycle and
negative cycle. Current increases in
magnitude, in one particular
direction, attains maximum and
starts decreasing, passing through
zero it increases in opposite
direction and behaves similarly.
The Fig. 028 shows a graph of
alternating quantity against time.

The value of an alternating
quantity at a particular instant
is known as its instantaneous
value. e.g. e, and e, are the
instantaneous values of an
alternating em.f. at the
instants t; and t, respectively
shown in the Fig. 0.29.
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Waveform

The graph of instantancous values of an alternating quantity plotted against time is
called its waveform.

Cycle
Each repetition of a set of positive and negative instantaneous values of the alternating
quantity is called a cycle.

Such repetition occurs at regular interval of time. Such a waveform which exhibits
variations that reoccur after a regular time interval is called periodic waveform.

A cycle can also be defined as that interval of time during which a complete set of
non-repeating events or wave form variations occur (containing positive as well as
negative loops). One such cycle of the alternating quantity is shown in the Fig. 0.29.

Key Point: One cycle corresponds to 2n radians or 360°.

Time Period (T) )
The time taken by an alternating quantity to complete its one cycle is known as its
time period denoted by T seconds. After every T seconds, the cycle of an alternating
quantity repeats. This is shown in the Fig. 0.29.

Frequency (f)

The number of cycles completed by an alternating quantity per second is known as its
frequency. It is denoted by f and it is measured in cycles / second which is known as
Hertz, denoted as Hz. As time period T is time for one cycle i.e. seconds / cycle and
frequency is cycles/second, we can say that frequency is reciprocal of the time period.

Amplitude

The maximum value attained by an alternating quantity during positive or negative
half cycle is called its amplitude. It is denoted as E_, or 1.

Thus E,, is called peak value of the voltage while I, is called peak value of the
current.
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Angular Frequency (w)

It is the frequency expressed in electrical radians per second. As one cycle of an
alternating quantity corresponds to 2n radians, the angular frequency can be expressed as
(2m x cycles/sec.) It is denoted by ‘ef and its unit is radians/second. Now, cycles/sec.
means frequency. Hence the relation between frequency ‘f* and angular frequency ‘of is,

w=2nf radians/sec. or W= ZTn radians/sec.

Equation of an Alternating Quantity
As alternating quantity is sinusoidal in nature, its equation is expressed using sin 0
where 0 is angle expressed in radians. Hence alternating voltage is expressed as,

e = Ensin®

While alternating current is expressed as,

i = l,sin0

This equation gives instantaneous values of an alternating quantity, at any time t.
Now 0 = otin radians

Thus various forms of the equation of an alternating quantity are,

2n

and i = Imsin(mt)=l...sin(2nft)=lmsin(—-—t)

T

Important Note : In all the above equations, the angle © is expressed in radians. Hence,
while calculating the instantaneous value of the em.f., it is necessary to calculate the sine of the
angle expressed in radians. Mode of the calculator should be comverted to radians, to
calculate the sine of the angle expressed in radians, before substituting in any of the above
equations.

In practice the alternating quantities are expressed interms of their r.m.s. values. The
relation between r.m.s value and the maximum value is,

Vi ms = = and ltms = —=

V2

The r.m.s values are denoted by the capital letters as V or L
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Phasor Representation of an Alternating Quantity

In the analysis of a.c. circuits, it is very difficult to deal with alternating quantities
interms of their waveforms and mathematical equations. The job of adding, subtracting,
etc. of the two alternating quantities is tedious and time consuming interms of their
mathematical equations. Hence, it is necessary to study a method which gives an easier
way of representing an alternating quantity. Such a representation is called phasor
representation of an alternating quantity.

The sinusoidally varying alternating quantity can be represented graphically by a
straight line with an arrow in this method. The length of the line represents the magnitude
of the quantity and arrow indicates its direction. This is similar to a vector representation.
Such a line is called a phasor.

Key Point: The phasors are assumed to be rotated in anticlockwise direction.

One complete cycle of a sine wave is represented by one complete rotation of a
phasor. The anticlockwise direction of rotation is purely a conventional direction which has
been universally adopted.

Consider a phasor, rotating in anticlockwise direction, with uniform angular velocity,
with its starting position ‘a’ as shown in the Fig. 0.30. If the projections of this phasor on
Y-axis are plotted against the angle turned through 0, (or time as 6 = @ t), we get a sine
waveform.

Consider the various positions shown in the Fig. 0.30.

A Current
C c
d mb
Anti-
clockwise
0 rotation
e - (4]
a X a b c d f g h a Angle
f h
\ /
g g9

Fig. 0.30 Phasor representation of an alternating quantity
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At point ‘a’, the Y-axis projection is zero. The instantaneous value of the current is
also zero.

At point b’, the Y-axis projection is [ I (ob) sin 8) . The length of the phasor is
equal to the maximum value of an alternating quantity. So, instantaneous value of
the current at this position is i = [ sin 0, represented in the waveform.

At point ‘c’, the Y-axis projection ‘oc’ represents entire length of the phasor i.e.
instantaneous value equal to the maximum value of current I .

Similarly, at point d, the Y-axis projection becomes I sinf which is the
instantaneous value of the current at that instant.

At point ‘e’, the Y-axis projection is zero and instantaneous value of the current is
zero at this instant.

Similarly, at points f, g, h the Y-axis projections give us instantaneous values of the
current at the respective instants and when plotted, give us negative half cycle of
the alternating quantity.

Thus, if the length of the phasor is taken equal to the maximum value of the
alternating quantity, then its rotation in space at any instant is such that the length of its
projection on the Y-axis gives the instantaneous value of the alternating quantity at that
particular instant. The angular velocity ‘of in an anticlockwise direction of the phasor

Concept of Phase of an Alternating Quantity

Phase : The phase of an alternating quantity at any instant is the angle ¢ (in radians or
degrees) travelled by the phasor representing that alternating quantity upto the instant of
consideration, measured from the reference.

Let us consider three cases;

Casel:0=0°

When phase of an alternating quantity is zero, it is standard pure sinusoidal quantity
having instantancous value zero at t = 0. This is shown in the Fig. 0.31 (a).

Case 2 : Positive phase ¢

When phase of an alternating quantity is positive it means that quantity has some
positive instantaneous value at t = 0. This is shown in the Fig. 0.31 (b).

Case 3 : Negative phase ¢

When phase of an alternating quantity is negative it means that quantity has some

negative instantaneous value at t = 0. This is shown in the Fig. 0.31 (c).

1.

The phase is measured with respect to reference direction i.e. positive X-axis
direction.

The phase measured in anticlockwise direction is positive while the phase
measured in clockwise direction is negative.
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Voltage
or
current

diagram

(a) Zero phase

Voltage

current
current h \l
+Ve —»
, : /
1= O/I \/ -Ve -—V

| 8=Epsin{ut+e) | ’*'Bm!‘”‘m M|
Posttive phase ¢ Negative phase -0

(b) Positive phase (c) Negative phase
Fig. 0.31 Concept of phase

Phase Difference
Consider the two alternating quantities having same frequency f Hz having different

maximum values.

and

where

e
i

Em

)

>

Em sin (0 t)
I sin (0 t)

Im

The phasor representation and waveforms of both the quantitics are shown in the

Fig. 0.32.
The phasors

and

OA
OB

Em

Im
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n

After 0 = - radians, the OA phasor achieves its maximum E_ while at the same

o

instant, the OB phasor achicves its maximum I, As the frequency of both is same, the
angular velocity o of both is also the same. So, they rotate together in synchronism.

So, at any instant, we can say that the phase of voltage e will be same as phase of i.
Thus, the angle travelled by both within a particular time is always the same. So, the
difference between the phases of the two quantities is zero at any instant. The difference
between the phases of the two alternating quantities is called the phase difference
which is nothing but the angle difference between the two phasors representing the two
alternating quantities.

The Average Value of an AC Waveform

The average or mean value of a continuous DC voltage will always be equal to its maximum peak
value as a DC voltage is constant. This average value will only change if the duty cycle of the DC
voltage changes. In a pure sine wave if the average value is calculated over the full cycle, the
average value would be equal to zero as the positive and negative halves will cancel each other
out. So the average or mean value of an AC waveform is calculated or measured over a half cycle
only and this is shown below.

Average Value of a Non-sinusoidal Waveform

13 Paositive Paak

2 + W e e

-]

i

=]

5

=+ Michordinates

3

. =2 i

% - Megative Halfoyolhe -
= (] e
= -1 11 12 131415 1€ 17 18 19
< =

-3 Paositive Halfoycle

. - E o

-5

-5

-F

=

_; _‘urr'Ex

140

L Dne Complete Cycls -

» To find the average value of the waveform we need to calculate the area underneath the

waveform using the mid-ordinate rule, trapezoidal rule or the Simpson’s rule
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» found commonly in mathematics. The approximate area under any irregular waveform can
easily be found by simply using the mid-ordinate rule.

» The zero axis base line is divided up into any number of equal parts and in our simple example
above this value was nine, ( V1to Vg). The more ordinate lines that are drawn the mor

» accurate will be the final average or mean value. The average value will be the addition of all
the instantaneous values added together and then divided by the total number. This is given as.

Average Value of an AC Waveform:

Where: n equals the actual number of mid-ordinates used.
For a pure sinusoidal waveform this average or mean value will always be equal 0.637*V max
and this relationship also holds true for average values of current.
The RMS Value of an AC Waveform:

> The average value of an AC waveform that we calculated above as being: 0.637*Vmaxis NOT
the same value we would use for a DC supply. This is because unlike a DC supply which is
constant and and of a fixed value, an AC waveform is constantly changing over time and has
no fixed value. Thus the equivalent value for an alternating current system that provides the
same amount of electrical power to a load as a DC equivalent circuit is called the “effective
value”.

> The effective value of a sine wave produces the same 12*R heating effect in a load as we would
expect to see if the same load was fed by a constant DC supply. The effective value of a sine
wave is more commonly known as the Root Mean Squared or simply RMS value as it is
calculated as the square root of the mean (average) of the square of the voltage or current.

> That is Vims Or Ims IS given as the square root of the average of the sum of all the squared mid-
ordinate values of the sine wave. The RMS value for any AC waveform can be found from the

following modified average value formula as shown.
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Lecture Notes on Basic Electrical Engineering

RMS Value of an AC Waveform:

*

% For a pure sinusoidal waveform this effective or R.M.S. value will always be equal
t0o: 1/N2*Vmax Which is equal to 0.707*Vmax and this relationship holds true for RMS
values of current. The RMS value for a sinusoidal waveform is always greater than the
average value except for a rectangular waveform. In this case the heating effect remains
constant so the average and the RMS values will be the same.

+« One final comment about R.M.S. values. Most multimeters, either digital or analogue
unless otherwise stated only measure the R.M.S. values of voltage and current and not the
average. Therefore when using a multimeter on a direct current system the reading will
be equal to I = V/R and for an alternating current system the reading will be equal
to Irms = Vrms/R.

% Also, except for average power calculations, when calculating RMS or peak voltages,
only use Vrws to find Irws values, or peak voltage, Vp to find peak current, Ip values. Do
not mix them together as Average, RMS or Peak values of a sine wave are completely
different and your results will definitely be incorrect.

Form Factor and Crest Factor

Although little used these days, both Form Factor and Crest Factor can be used to give

information about the actual shape of the AC waveform. Form Factor is the ratio between the

average value and the RMS value and is given as.

For a pure sinusoidal waveform the Form Factor will always be equal to 1.11. Crest Factor is

the ratio between the R.M.S. value and the Peak value of the waveform and is given as. For

a pure sinusoidal waveform the Crest Factor will always be equal to 1.414.

AC Waveform Example No2
% A sinusoidal alternating current of 6 amps is flowing through a resistance of 40Q.

Calculate the average voltage and the peak voltage of the supply.
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*

% The use and calculation of Average, R.M.S, Form factor and Crest Factor can also be

use with any type of periodic waveform including Triangular, Square, Saw-toothed or

any other irregular or complex voltage/current waveform shape. Conversion between the

various sinusoidal values can sometimes be confusing so the following table gives a

convenient way of converting one sine wave value to another.
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