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Fundamentals of
Electric Circuits

Chapter - 1

Electrical circuits which are collections of circuit elements connected together arc the most
fundamental structure of eleetrical Engincering. A circuit is an interconnection of simple electrical
devices that have at least one closed path in which current may flow. Cireuits are  important in
electrical engincering because they process electrical signals, which carry energy and information.
The signal can be any time varying clectrical quantity. Circuit analysis is a mathematical study of
some uselul interconnection of simple electrical devices, The circuit model helps us to predict,
mathematically, the approximate behaviour of the actually event. The model also provide insides into
how to design a physical electrical circuit to perform a desired task. Electrical engineering is
concerned with the analysis and design of electric circuits, systems and devices.

1.1  Electricity

Electricity is a form of energy which depends on the existence of electric charge in static or dynamic
form. The electricity produced by the charges at rest is called static clectricity or electro statics. It is
produced by friction, hence called as frictional electricity. The electricity produced by the charges in
motion is called as current electricity.

1.1.1 Electric Charge

Electric charge exists on clectrons and protons. The charge on a proton as positive and that on an
clectron as negative. This assignment of positive and negative signs to the proton charge and the
electron charge is purely a convention. It does not mean that the charge on an electron is *less’ than
the charge on a proton . The material which loses electrons acquires a positive charge and material
which gains electrons acquires an equal negative charge. Electrons are transferred from the material
whose work funetion is lower to the material whose work function is higher.

Eleetric charge is quantized. The quantization of charge is the property by virtue of which any charge
exists only in discrete lumps or packets of certain minimum charge i.e. q = ne, wheren=% [, £ 2,
E T S and e=1-6%10""C. Electric charge is conserved. It implies that charge can neither be
created nor be destroyed in isolation i.e. charges can be created or destroyed only in equal and

opposite pairs.
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The ST unit of charge is conlomb abbreviated as C. One coulomb is the chnrgc flowing through a wire
in one second if the electric current in it is one ampere. The charge ona protonis e =1-60218x 107" C
and the charge on an clectron is the negative of this value.

1.1.2  Electric Current

The flow of charge in a definite direction constitutes the electric current and the time rate of flow of
charge through any cross-section of a conductor is the measure of current,

: : fotal charee flowi
Electric Current = we flowing

time taken

The S.1. unit of current is ampere (A)

As a matter of convention, the direction of low ul‘posuwc charge gives the dircction of current. This
is called conventional current. A current is positive if it is in the direction of the arrow and negative if
it is in the opposite direction . Thus in fig. 1.1 current [ = +5A is a current in the direction of arrow

froma to b, whereas current [ =-5A is a current in the dircction opposite to the arrow, that is from b to
a. In effect both these currents are equal.

Fig. 1.1

The charged particles whose flow in a definite direction constitutes the electric current are called
current carriers. Valence electrons arc current carriers in solid conductors. In liquid the current

carricrs arc positively and negatively charged ions. In pascs positive ions and electrons are current
CAITIers.

1.1.3 Electric Potential

Electric Potential represents degree of electrification of a body. It determines the direction of flow of
charge between two charged bodies placed in contact with each other. The charge always flows from a

body at higher potential to a body at lower potential. The flow of charge stops as soon as the potentials
of these two bodies become equal.

Quantitatively electric potential at any point in the electric field is defined as the amount of wo rk done
in moving a unit positive charge from infinity to that point against the electric force alon ¢ any Path.

. Electric Potential (V) = 2~

+
The S.1. unit of electric potential is volt (V)
§igs
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1.2  Basic Elements
Electric circuit consists of two types of elements. These are active elements and passive clements.

An active clement is capable of producing clectrical energy but a passive element consumes it or
stores it.

i A anA—B Ay C
1.2.1 Active Elements J_
An active element is one which supplies electrical encrgy to == =
the circuil. In fig. 1.2 E| & E, are active elements because -"
they supply enerey to the circuit.
1.2.2 Passive Element Flg 1.2

A passive ¢lement is one which receives electrical energy and then converts it into heat encrgy (in
resistance) or stores in an electric field (in capacitance) or stores in magnetic ficld (in inductance) . In
fig.1.2 R,, R, and R, are three passive elements. :

1.2.3 Resistance

The resistance of a conductor is the obstruction posed by the conductor to the flow of clectric current
through it. The resistance of a conductor is due to the collisions of free clectrons with the ions or atoms
of the conductor while drifting towards the positive end of the conductor which in turn depends upon
the arrangement of atoms in the conducting material.

The resistance (R) of a conductor

(i) is dircetly proportional to its length ie Ra f

(i1) is inversely proportional to its area of crossg-section i.e R o ;

(iii) depends upon the nature of the material and temperature of the conductor,

From the above,Ra ¢
1

{1_
A
:}Rui
A
;
= R=p—
pA

Where p is a constant and is known as resistivity or specific resistance of the material of the
conductor.

If £=1 ° A=], then R=p

Resistivity of the material of a conductor is defined as the resistance of unit length and unit area of the
cross-scction of the conductor.,
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The 5.1 unit of resistance is Ohm E:ﬂ) and resistivity is Ohm-metre (ﬂ — m). Resistivity depends on
nature of the material only and is independent of the dimensions ef the conductor, but resistance ofa
conductor depends upon the dimensions (i.c. length and arca of cross-section) and nature of the
material of the conductor. Resistivity is very low for conductors and very high for insulators.
Resistivity of a conductor increases with increase in temperature.

1.2.4 Inductance

Inductance is the property of a conductor by virtue of which it opposes
any change in magnitude and direction of clectric current passing through
the conductor.

The symbol for self inductance is L . It is shown in fig. 1.3

Let us consider a coil of N tumns carrying a current | which produces a flux
¢ linking with the coil. The flux linkage (¢) is proportional to the current
(I} through the coil.

Lol
= o=L1

_$
=~L—I

As the coil has N tumns, So L= —’?ﬁ

It S.1 unit is henry,

1.2.5 Inductance EMF

Inductance is the property of a circuit clement in which a voltage is induced by changing the current
in it. The induced voltage is proportional to the rate of change of current.

Let, % = rate of change of currenl.

V, = induced voltage.

di

l.l V a- T #

e
=} =L ai ( L is im:lux:tancc)

=L.— : 5

L dt

di . A B I
IFE_I < and V¥, =1volt then L=1 Henry.

A circuit element has a self inductance of 1 henry when a voltage of 1 volt is induced in it by a current

in the element changing at the rate of'1 %

- | S | ..‘
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The direction of induced voltage is given by Lenz's law. Hence induced voltage is
di

v, ==L-—

dt

The negative sign indicates that, when rate of change of current is positive then induced voltage is
negative.

Thesc are the following effects of circuit inductance are to be noted.
(i) The property of inductance comes into play only when current in the circuit changes.
(ii) When circuil current changes then inductance opposes this change.

(iii) ~ When circuit current is constant l.hcn#::;w = and there is no induced voltage.
[

1.2.6 Capacitance

Capacitance is the property of conductor by virtue of which it stores energy or electric charge. A
device designed 1o have a capacitance of definite value is called a capacitor. Two conductors
separated from each other by an insulating material form a capacitor. The insulating material is called
dielectric.

Let Q = Charge stored by the capacitor
V = applicd voltage
Experimentally it is found that, Q o V.
=0 =CV
Where C is a constant called capacitance of the capacitor, The S.1. unit of capacitance is farad (F).
If Q = 1 coulomb and V = 1 volt then C = | farad.

Thus One farad is the capacitance of a capacitor which stores a charge of | coulomb when a voltage of
| volt is applied across its terminals.

1.2.7 Energy Stores in inductor

Let L = inductance of a coil.

: T di
If the current increases by di in time dt then rate of change of current = o
t

i
Induced voltage, ¥, =-L- ;T:

’ di di
age,V =V, ==|-L—|=L—
Supply voltage, V' L [ Hr,] di

L4
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Energy stored in the magnetic field of the inductor (coil) during time dt seconds.

= energy supplied in dt seconds

voltage x current x time
di

=L-—xXixdl
dt

=Li-di

Total energy stored in the magnetic field of the inductor when current increases from zero to |
amperes is,

271
II’:J‘FL;'-.-ﬁ:L L S
0 2| "2

1.2.8 Energy Stored in capacitor

Cm'usijzlcr @ capacitor of capacitance "C'. During charging, if the voltage between the plates of the
capacitor increases by dv volts in time dt seconds then stored charge dg = c.dv.

I i is the instantancous value of charging current

. dyg dv
then ;=—d—!‘=C-—r-fT
The power supplied in time dt is,
= dv
vi= W_EE

. Energy supplied in time dt is,

; dv
W = Power ¥ time = ve— - dt = cv.dv
i

The total energy supplicd to the capacitor when the voltage increascs from zero to V vollts is.

i 2 ¥
w:ﬂ cv-rh!:{:‘[i—é—‘ =%cr1

L]
1.2.9 Short and open circuits

When two points of circuit are connected together by a thick metallic wire then they are said to be
short-circuited. "Short’ has practically zero resistance. So no voltage can exist across it i.c. (V=IR=1
x 0 = 0). The current through short (called as short circuit current) is very large.

A
Rest of Short cireui Rest of ——o A
circuit B ot circuit cireuit Open cireuit
i
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Tweo Points are said to be open circuited when there is no direct connection between them. Open
circuit has infinite resistance. So no current Mlows between two points,

1.3  Basic Laws governing electric circuits

Any clectric circuit containing lincar bilateral elements is governed by three basic Laws.

i) Ohm's law
ii) Kirchhoff's current law
iii) KirchhofT's voltage law

For simpler circuit Ohm's law can be applied to find out different branch current, voltage across each
element and power dissipation in each element. However for complex circuit Kirchhoff's Laws are
more appropriate for solving different circuit parameters such as voltage, current and power.

1.3.1 Ohm's law

It is a fundamental law in clectricity. According to this law, if femperature and other physical
conditions are constant then curvent (1) flowing through a conductor is divectly proportional to the
potential difference (V) between its two ends.

sV
=Vl (Where R = constant of the conductor
=VF=IR = resistance of the conductor)

If we draw a graph between V and [, then it will be a straight line passing through the origin as shown
in figure 1.4

Vv
The resistance of a conductar is equal to the slope of V-I graph.
¥
Slope =tanf=—=R
/) 8
1
The conductors are called ohmic if the V-1 graph for them is a straight line. 0
The conductors are called non-ohmic if the V-I graph for them is a curve. Fig 1.4
A device or circuit element whose V-I characteristics is not a straight line is said
to be non-liner resistance.
: . R, R, R,
1.3.2. Series Combination of resistances AR ——— AR —— A ———
Resistances are said to be connected in serics if they are Vi ¥ Vi
conneeted end-to-end. The extreme ends are conneeted toa | 4 1!
battery as sown in fig 1.5
Equivalent resistance R=R + R, + R, e E |
at
e Fig 1.5

L4
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In series combination current is same in every part of circuit and p.d across the combination is equal
to the sum of individual p.d across different resistances.

V=V, +¥,+V,
Applied p.d is divided among the resistance directly in their ratios.
e FiaFi¥y=R ‘R, R,

Equivalent resistance (R) is high in this combination. It is because length of the system increases in
serics combination. As R o /, so equivalent resistance is high.

1.3.3. Parallel Combination of resistances

Resistances are said to be connected in parallel if they arc I, R
connected in between two ends. These two ends are —AWA
connected to a battery as shown in fig. 1.6 I It
: AN ———
If R .R,.R, arc connected in parallel then cquivalent . R
ilarice AN

resistance, 1 '

1 1 | 1

—_—— o + i

R R, R, R, ]

L
The current is different in different resistance . The sum of — vi
H L'

currents in the different resistances is equal to the main
current of the circuit

I=1 +I,+1,

The p.d is same across each resistance. In parallel combination of resistances the eurrents are shared in
the inverse ratio of the resistances.

Fig 1.6

Equivalent resistance (R) is low in this combination. It is because in this combination arca of the
system increases, As Ro - , 50 equivalent resistance (R) decreases.

1.3.4 Current division rule
-
Let us consider two resistances R, and R, connected in parallel to a battery of voltage V as shown in

fig. 1.7
. e R R,
Total resistance of the circuit is, f = ————
R, +R, I, R
— AW ——————
As R and R, are connected in parallel, then V' =/ R,
VIR
=] =—=— {V=IR} o lima
l RI JJ"EI I & i I, R it L
Rl 2
R, 4R, |
= f. =f —R"—- vV | i
' Fig 1.7
1, =1 e C t flowing through R
=[] =f-——=—=~Curren ' '
i RI + Rz i.'.ll"n‘.-'lﬂj;l I'i}ltj;_ 1
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'R,+R:

Similarly current flowing through 7, =/

Where [ is the total current flowing through the circuil.

1.3.5 Voltage division rule

Let us consider two resistances R, and R, connected in series with a battery of voltage V as shown in

fig 1.8
I = current flowing through the circuit .

R=R, + R, =tofal resistance of the circuit

I 4
1

R, +R,

R, n‘t:E

i.-’

R, +

R,
R, +R,

]
|

For the network shown in fig 1.9 determine

1

P.d across R, is,V, =IR, = ==

Similarly p.d acress R, is,V, =V [

Example 1.1 :
(1)
(i)

Solution :

the voltage drop in each resistor

the current in each resistor.

4w l2
4412

+5=38Q

Total resistance of the circuit is R =

Total current flowing through the circuit

s
e B
R 8

FUNDAMENTALS OF ELECTRIC CIRCUITS

R, R,

|*_ V;_'i"_v:_'i

A

Fig 1.8

50

—

According to current division rule

=1nx—i=?-5.4
12+ 4

2

RL+R

2

4
12+ 4

RI
R, + R,

=10x =2:54

I,=1I-

Voltage drop across 4Q =7.5 x 4= 30 volt
Voltage drop across 12Q =25 x 12 =30 volt
Voltage drop across 52 =10 x 5= 50 volt

[
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1.4  Ideal and Practical sources

An ideal source is a source thal can provide an arbitrary amount of energy. Ideal sources are divide
Inlo two types : voltage sources and current sources. It is not possible to construct an ideal source
because all voltage or current sources (practical sources) have finite internal resistances.

1.4.1 Ideal and Practical Voltage sources.

An ideal voltage source is a source that maintains a constant terminal voltage no matter how much
current is drawn from it. [t has the following characteristics.

(1) It is a voltage source whose output volltage remains absolutely constant whatever be
the value of the output current.
(i) It has zero intemnal resistance so that voltage drop in the source is zero.
(iii) The power drawn by the source is zero.
R
a A o v
ldeal

+ +

O O

- . ">~ Practical

Q 1

L

{a) Ideal voltage source (b) Practical voltage source {c) V-i charetcristic

Fig - 1.10

A practical voltage source may be represented by an ideal voltage source of voltage IV, in scries with a
resistance R, equal to the internal resistance of the source, Such a voltage source is shown in fig 1.10

(b).
1.4.2 ldeal and Practical current sources

An ideal current source is a source that will supply the same current to any resistance connected across
its terminals. The current supplied by the current source is independent of the voltage at the source
terminals. It has the following characteristics.

(1) It produces a constant current irrespective of the value of the voltage across it.
(it) It has infinite resistance
(iii) It is capable of suppling infinite power.
o - Vi Practical | Ideal
10 SORN 2
a a & . 1

{a) Ideal current source

{b) Practical current source

Fig - 111

(¢) V-1 characteristic
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A practical current source may be represented by an ideal current source of current iy in parallel with a
resistance R, equal to the internal resistance of the source. Such a current source is shown in fig

1.11(b)
1.4.3 Source Transformation

A practical voltage source can be transformed to an equivalent practical current source and vice versa,
Replacing one source by an equivalent source is called a source transformation.

A voltage source of voltage V with a series resistance R can be converted into a current source of
r

current [ = 7 and a resistance R in parallel with it as shown in figure 1.12.
R
Al o —

O Or 2

o

Voliage Source Current Source

Fig - 1.12

Similarly a current source of current | with a parallel resistance R can be converted into a voltage
source of voltage V=IR and a resistance R in series with it.

A practical voltage source and a practical current source are said to be equivalent if their v-1 relations
are same for all terminal conditions. For equivalence of the two sources the following conditions

should be satisfied.
(1) The open circuit voltages at their terminals arc cqual

(ii) The short circuit currents at their terminals are equal.

Example 1.2 : Converl 10}
the voltage source in fig. AW
1.13 to a current source.

s

Solution : Here V = 5 volt C) v g 4402 CD SA 10 % 40
and =

R=lﬂ Fig'l-13 : Fiﬂ," III4

Lol = E = E =54

R 1
Hence the equivalent current source is shown in fig.1.14.
1
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Example 1.3 : Convert the current source in fig.1.15 to a voltage source.
Solution : Here 1=5A and R=2Q
S =IR=5x2=10volt

Hence the equivalent voltage source is shown fig. 1.16

20
—a AN —
+ +
(T SA g 0 C) {1}%
] 2"
Fig - 1.15 Fig - 1.16

1.44 Dependent (controlled sources)

If the magnitude of voltage and current source depends on other branch voltage and current then 1t 1s
called dependent source. There are four possible dependent or controlled sources :

(1) Voltage controlled voltage source (VCVS)
(i1) Current controlled voltage source (CCVS)
(iii)  Voltage controlled current source (VCCS)
(iv) Current controlled current source (CCCS)

Controlled sources are represented by diamond shaped symbols as shown in fig. 1.17

CCVs VCCS CCCs

Fig - 1.17
e voltage source % and current source { ) and

VCVE

Source can be recognised from inside symbol (i

i side like x It
dependence can be recognised from outside like x V', volt or x/, vo

1.5  Electric Power

The rate of doing clectrical work is called clectric power.
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Electric power = rate of doing electric work

Fiﬂ:ﬂi:ﬂ?— {'.'I’fz-jii}
fme I ! i

P=VI

=r(3)% S
(IR)’

Alsa P=-——=IR
R

: iy B
Thus electric power (P)=1=I"R e

The unit of power is watt(w). The higher units of power are killowatt (KW) and mega watt (Mw). The
other units are horse power (hp)

Thp (British) = 746 watt
1hp (Metric) = 735.5 watt
The units horse power (hp) are widely used to specify the output power of electric motors,

1.6 Network Terminology

An clectrical network is a collection of elements through which current flows . The following
definitions introduce some important elements of a network.

Active Network : An active network is that which contains active clements (i.¢ voltage sources and
current sources).

Passive Network : A passive network is that which contains passive elements (i.e Resistance,
Inductance and Capacitance).

Node : A node of a network is an equipotential surface at which two or more circuit elements are
joined.

1 RJ
N R (I

|
I
I
I

i
|}
]
1

In Fig. 1.18 A, B, C and D are nodes.

13
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Junction : A junction is that point in a network where three or more circuit elements are joined. In fig.
.18, B and D are junctions.

Branch: A branch i that part of a network which lies between two junctions. In fig. 1.18 BAD, BCD
and BD are branches.

Loop: Aloop isany closed path ofa network. In fig. 1.18 ABDA, BCDB and ABCDA are loops.

Mesh : Itis aloop and can not be further divided into other loops. In fig. 1.18 ABDA and BCDB are
meshes.

Linear circuit : If the parameters of the circuit are independent of voltage and current then the circuit
is called as linear circuil.

Non linear circuit : If the parameters of the circuit are change with voltage and current then the
circuit is called non-linear circuit,

Bilateral cirenit : A circuit whose characteristics are the same in cither direction of current flow is
called a bilateral circuit.

Transmission line is a bilateral circuit because it can be made to perform its function equally well in
cither direction.

Unilateral circuit : A circuit whose characteristics change with the dircction of current flow is called
unilateral circuit.

A diode rectifier is a unilateral eircuit because it can not perform rectification in both directions.

1.7 Ammeter and Voltmeter m
Ammeter is a device to measure an electric current and
voltmeter is a device to measure a potential difference. In
both the instruments there is a coil suspended between the
poles of a magnet. When a current is passed through the coil, N S
it deflects. The angle of deflection is proportional to the
current going through the coil. A needle is fixed to the coil.

When the coil deflects, the needle moves on a graduated ' '
scale as shown in fig. 1.19,

. Fig. 1.19
1.7.1 Ammeter

In an ammeler, a resistor having a small resistance is connecled in parallel with the coil. This resistor
is called the shunt. The current to be measured is passed through the ammeter by connecting it in
series with the scgment which carries the current,

At R = resistance of the coil .

r = small resistance (shunt) Y

I = current to be measured M,
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I,= Current goes through the coil.
I = 1,= Current goes through the shunt,
As potential difference across R. is same as that across r,
LR, =(I-1)r
or, !1Rr+f|r=.r'r
or, I, (Rr + r) = F

or, I =[R r+ ].-'
e F

The deflection is proportional to], and hence to I. The scale is graduated to read the value [ directly.

The small resistance (shunt} is given by,

F= ‘rlﬁc
-k
R.4+r
Also -'—r-= bl
s r
R
or A ofe g
Ly ;

: I
Multiplying power = e Tf+ |

The ratio of maximum current (I) to this full scale deflection current (1, ) is known as the multiplying
power or multiplying factor of the shunt.

1.7.2 Voltmeter

In voltmeter, a resistor having a high resistance R is connected in series with the coil . When the
potential difference is applicd, a current passes through the coil and the high resistance.

Let R, = resistance of the coil
V = potential difference to be measured.

I = circuit current to give full scale deflection

4
T R.+R Fig 1.21

e

15
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The d{:ﬂccltic:n is proportional to the current [ and hence to V. The scale is graduated to read the
potential difference directly.

s
The high resistance R = [—.LRL

or R= [ v =IR. = Full scale p.n‘)

Also IR=V -y

Dividing both sides by v we get,

IR V—vy
i - Vv
IR ¥V
or, — =
R. v
or v +1= E
’ R v
¥V
or, — ] > Voltage multiplication.
3

1.8 Ohmmeter :

The Ohmmeter is a device that when connected across a circuit clement, can measure the resistance of
the element. Fig. 1.22 shows the circuit connection of an ohmmeter to a resistor.

o
&) 2
Ll_

Symbol for Ohmmeter Cireuit for measurement of resistance R

Fig. 1.22

The resistance of an clement can be measured only when the clement is disconnected from any other
circuit.

In case of ammeter and voltmeter the measured quantities such as current (1) and voltage (V) are
o o 5 - . :
responsible for production of deflection in the pointer. However in case of a ohmmeter as the
! : . h (4 B
measured quantity does not involve any active source, the ohmmeter contain a conventional
L

measuring instrument along with internal source in the form of cither a hand driven gencrator or a dry
cell. '

i
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1.9 Kirchhofl's Laws

To solve complex electric circuit Gustav KirchhofT gave two laws known as Kirchhoff's Laws. These
are (i) KCL (ii) KVL.

(i) Kirchhoff's Current law (KCL) :

This law deals with law of conservation of charge.

This law states that, the algebraic sum of the currents meeting at a junction in an electric circuit is
o,

Sign convention :

a. Current flowing towards the junction is taken as positive.
b. Current flowing away from the junction is taken as negative.
From Figure 1.23, L+l =l4l,—I =0
=1+l +1, =1 +1, e 123

= Total incoming currents = Total outgoing currents.
(ii) Kirchhoff's Voltage law (KVL) :
This law deals with law of conservation encrgy.

This law states that in any closed circuit or mesh the algebraic sum of all theemfs and the voltage drops
equal tozero.

Algebraic sum of emfs + Algebraic sum of voltage drops = 0

Sign convention ;

a. If we go from +ve terminal of battery to negative terminal then there +| =
is a fall in potential and emf is taken as -ve, l
— k= g
b. If we go from -ve terminal of battery to +ve terminal then there is a =
nsc in potential and emf is taken as +ve i
— =y
c. If we go through the resistor in the same direction as current then 1 R
there is a fall in potential. Hence this voltage drop is taken as -ve, g b
— R =y
d. If we go through the resistor against the direction of current then

there is a rise in potential, Hence this voltage drop is taken as +ve. Wy
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R

v Fig 1.30

Solution : Starting from the right hand side we can replace resistors R, R,.R,.R, and R, with a
single equivalent resistors.
R, =R, +[R, +(RIR)JUR, =100

AW
R

v, Q)I ' 200 g 100

il

=

The same voliage appears across both R, and R, and therefore, these elements are in parallel.

W
i 1 2010 _ 200

L& s D
3 Vi 20+10 30

According to voltage divider rule
6-67 6-67
V. =V, x———— =50 ———
X R 661 T RH6-67

As R and R_ are parallel so voltage V', appears across R,.

The power absorbed by R, is,

2 2
p=f‘h_=[5ax——ﬁ'm } X
R, R+6-67] 20

23
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Consider a circuit as shown in fig. 1.24

. C . :
B L 3 D
I+
E—+
R, R
A | 1 E
F '
Fig 1.24
Loop ABCFA, E,—(1,+1,)R, =0
Loop CDEFC LR, —E,+(1,+1,)R, =0

Loop ABCDEFA, E+I.,R,-E, =0

Example 1.4 : Use KCL to determine the unknown currents in the cireuit of fig. 1.25. Assume that

1, =-24, 1, =-44, 1. =84 and V. =120
Selution : Applying KCL to node @ , we gel ,,R.‘, a
Io+1,+1,=0 'l L 4
=°'*,:="'fu-"|=_(Ilr+f1}=_("z'4)‘=6"1m§“' § & . g
Applying KCL to node® we get,
b
g+, +1 =1,
It
=/, =-2+8-4=24 - Réu.
\!‘ [
So the unknown currents are / ;=6Aand /, =24
W\
R, =
Fig 1.25

Example 1.5 : A 24 volt automotive batiery is connected
arc in paraliel; cach of the headlights is intended 1o be
mistakenly installed. What is the resistance of cach head
the battery ?

10 two headlights, such that the two loads
0 75 w load, however, a 100 w headlight is
light, and what is the total resistance seen by

Solution : Headlights no. |:

Fa

F=I’T=Iﬂﬂ=-{—
R
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But given P = 20 wat,

Therefore 2{}:[5{];; 6-67 ]L I

R+6:67) 20

= R =100
Example 1.11 : Determine the voltage between nodes A and B in the circuil shown in fig. 1.31
Given. R, =2-2kQ, R, =188, R,=4-TkQ2, R, =3-3kQ

Ifj — jl’!

Solution: The samc current [lows
through R, and R,. Therefore they arc
connected in series. Similarly R, and R,
are connected in series. V. C...)
Specify the assumcd polarity of the A
voltage between nodes A and B. This will
have to be a wild guess at this point.

Specify the polarities of the voltage
across R, and R, which will be

determined using voltage division. The Fig 1.31
actual polarities are not difficult to
determine.

3
V.R, 5x4-TX10°_ _ 3 406 volt.

¥ = = 3
#TR +R, (2:2+4-7)10
3
VR, _ 5x3:3x10 5 375 volt

— e ——

Vei R R, (18+3-3)10°

; _ il
Applying KVL, Vs =V . B
=V 5 =V =V =3.406-0-917=2-63 volt

Example 1.12 : Determine the voltage across R, in fig. 1.32
R,=3kQ, R, =10AQ

R,
R, § R,

F =!2F, R|=I‘7’nﬂ‘

“®

Fig. 1.32

|24
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Headlights no. 2:

P=FVi=Ti=—
R
ri
_—.:.szl—zﬁ': T -6RC)
75 75

The total resistance 15 given by the parallel combination :

| | |
==
3-76 7-68

R

radal

=R . =3.200

il

Example 1.6 : For the circuit shown in fig. 1.26

Find (a) The equivalent resistance seen by the source

FUNDAMENTALS OF ELECTRIC CIRCUITS

(b) The current i ” *ﬂﬁ"& - R, :
(c) The power delivered by the source : W, .
(d)  The voltageV, and ¥/, v(®) e 3R,
(e) The minimum Power rating required for R,
Given V =24 volt Fig-1.206
R, =8Q, R, =108, and R,=20Q
Solution :

(a) The equivalent resistance of the circuit, R=R,+ R, + R, =8+10+2=200

(b) Applying KVL, VV - iR=0

Vo224
== —=1-24
So i P

(c) Power delivered by the source P=Fi=24x1-2=28 8 watl

(d) ¥V, =R, i=10x1-2=12voll
V,=R,i=2x1-2=2-4volt
(€)  PowerP, =i*R, =(1-2)"10=14-4wall

Therefore the minimum power rating for R, is 16 wall.

19
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Solution : The same voltage appears across both R; and R3. Therefore these clements are in parallel.

The equivalent resistance of R,and R, is

R.o= s _3X10_30_, 4090
o R,+R, 3+10 13

According to voltage divider rule voltage across

R,
; ks B o
R, isV =V,

R, +R,
2-3x10’
=V =12x =11:999 volt
1-7x%107 +2-3x%10° e
=" =12 volt

AsR, and R, are parallel, so voltage across R, is same as voltage across R, . Thercfore voltage across

R, =12 voll.

Examplel 1.13 : Consider the practical ammeter, described in Fig. 1.33; consisting of an ideal
ammeter in series with a IKQ resistor. The meter sees a full scale deflection when the current through
1t1s 30uA. If we desire to construct a multirange ammeter reading full scale values of 10mA, 100 mA
and IA, depending on the setting of a rotary switch, determine appropriate values of R, .R, and R,.

Swilch

Fig 1.33
Solution : Given [_=30x10"4
Voltage across the meteris V_ =/ i (

=30x10"" % 1000

=30%107 volt.
(i) For 10mA :

I=10mA=10"4

Current through R, =7, =7 -1_ =107 —30x 10 =997 %107 4

25
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Example 1.7 : For the circuit shown in figure 1.27

Find (a) The currents i, and §,

(®)  The Power delivered by 3A current source and by the 12V voltage source.
() The total Power dissipated by the circuit.
Let R, =25Q,  R,=102, R,=5Q

R, =78 and express i,and i, as functions of V.

R

vV, R
m(f) .T%«L IEVG} §R‘

—=
Fig - 1.27
Solution : (a) Apply KCL at node-1, '
0=V, 12-V
3+ L L=0
R, R,
V., 12—V
=3-—4 L=
Rl R!
vV, 12-F
3L+ L=
= ]ﬂ
30—V, +24=-2¥,
=0
= 10
=543V, =0
=V, =18 volt.
0-¥, 0-18
T = =—1-84
Therefore I R, 0
12-V, 12-18 =6
T = :""':—I'Eff
and I R 5 5

i
(b) We can compute the voltage across the 3A source as, IV, =3R, +V, =3x25+18=93V

The power delivered by 3A source 1s, £, =V, (3)=93x3=279 watt.
12

.12 "
Similarly we can compute current across 12V sourceas/; =i, + = =12+ e 0-5144

4

The power supplied by 12V source is .
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V 30x107?
~ R e il R i
i ": 9.97%10° 3-00902Q

(1) For 100 mA :
I=100mA =0.1A

Current through R, =1, =/ —1J_=0:1-30%10" =99-97x 107" 4

V.,  30x10”
ARy == = 0.300090
UL, 99-97x107

(i)  ForIA:
1=1A

Current through R, =7, =7—J_=1-30%10"* =999-97 %10~ 4

iRy min o SO 0000002
YU, 999.97%10”

Example 1.14 : A practical voltmeter has an internal resistance r,- What is the value of r_ if the
meter reads 11.81 V when connected as shown in fig. 1.34.

Voltmeter becccsmsancnccas cemasmemmmmaa

R, =25iQ2
Fip. 1.34
V,=12V
Solution : Given R, =254Q, V, =12voll.

Voltmeter reads voltage ¥_ =11-81 volt
Voltage across r, =11-81volt
Voltage across R, =V =V, —11-81=12-11-81=0-19 volt

0-19

Current through R, =/
25x 10’

L 7-6 i
Yo =7:-6x107" A4

: ZE
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P, =(12)(0:5142)=6-171 watt.

FUNDAMENTALS OF ELECTRIC CIRCUITS

(c) Since the power dissipated cquals the total power supplied,

P,.=P+P,=27946-17=285-17 watt

Example : 1.8 Determine the Power delivered by the dependent source in the circuit of fig. 1.28

74

Ay A
1502

o.57 {f) () v

bi

g 50

Fig. 1.28
. et e 28
Solution : From the circuil, = ——=24
T+5

Current of dependent source =0-5i° = (0- 5)(2)° =24
Let V, = Voltage across the dependent source.

Applying KVL, ¥, —15(0-51*) ~24=0

= Ky 15(2)-24=0

= V, =54voll.

Power delivered by the dependent source is,
P, =V, (0-5¢ ) =54(2) =108 want

Example 1.9 : Find the equivalent resistance of the circuil of fig. 1.29 by combining resistors in series

and in parallel.

R, =440, R, =129, R, =88, R, =20, R, =160 R, =5Q
R, R
& A i
— R -
RH '% R, gﬂl
& AW
R,

2
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I ;
S =l—”= e =1.55 M2
B 7-6%10°

Assuming the current through the voltmeter is zero.

Example 1.15 : A moving coil instrument has a resistance of 102 and gives a full scale deflection
when carrying 50mA, Show how it can be adapted o measure voltages up to 750 V, and currents up to
100 A.

Solution : Given, r, =109, I_=50x10"" 4 R rt_,,

(i) As a volimeter : g ‘ 'r,
V =750 volt
Voltage across the meter \4 -1
V. =I,r. =50%107 x10=0-5V R,
Voltage across R, =V, =V -V _ .
=750-0-5 P '
= 7495 volt 3

Thercfore R, = :; = 5—;%% =14990£

m

(i1) As an ammeler : |

I-'I
=100 A ‘
. §
Current through shunt, I, =/ -1
Vl‘l‘l
=100-50%10"" lhé @)r
=99.0954
[
Therefore
’ -3
R, =Yoo taln  30XI0 XD _4 0050
I 99095

27
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Solution : Starting from the right side, we combine the two resistors in series i.e
R,+ R, =8+2=10Q

ﬁ—_-w&ir
461

R,,—= gllﬂ gsn §wn

FY YN
o Lh

1602
Then we combine the two parallel resistors | namely 5 and 10£2.
) 10
—_—m et B =, n o AW
R 5 10 3 e 40
R,— 1262 3330
o AW

1602

Then we can combine the two resistors in series, namely 3.33Q and 16£.

@ MWW
40

R, — 120} 19.3300

o

Then we can combine the two parallel resistors, namely 12Q and 19.33Q.

o AW
402
L 12%19:33
= — " =7.40
Re 2 12+19-33

Therefore R, =4+ 7-4=11-4Q

Example 1.10 : In the circuit of figure 1.30 the power absorbed by the 20Q resistor is 20watt.
Find R Given ¥, =50 volt,

R, =20Q, R,=5Q, R,=2Q, R,=8Q R,=8Q and R, =30Q
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[ RN o o Al AT _“‘.*'_ %

’ ..I r—
o

= s el i Loyt e

PSS = g

. A moving coil instrument gives a full scale reading of 24 mA when the potential difference
across its terminals is 72mV.

Calculate :
(i) the value of shunt resistance for a full scale deflection corresponding to 100 A.
(ii) the series resistance for a full scale reading with 500 V.
(Ist semester 2003)
Solution :
: =
R =resistance of coil = —=30Q
24
I, = full scale current = 24 mA = 0.024 A
g . I R
(i) Shunt resistance r = —= = 9:024x 3 =7-201%10™ ohm
I=1, 100-0-024
. X V- L-'E L
(i1) Series resistance R = £ = s =20830-33 ohm
| 0-024
2. 9 A flows through the Parallel combination of 2 resistances of value 6 ohm and 3 ohm. What

is the current in each ?

(Supplementary exam 2004)
Solution : Current through 62 resistance is

| 60
R 3 =
L=l —2—-=9.——=34. . W
R, +R, 6+3 =94
+ +
Current through 3 £ resistance is,
R 6 > A
I=1I =9 —— =64 [ 30
R, +R, 6+3
3. Write the Loop equation for the given circuit.
(Supplementary exam 2004) i
Solution : AV I |
Apply KVL to the loop, ki E, %’
=ipy, =&, —ir; + By —ir; — By =0 :
= E =B+ E ==y =iy —ir
==-EI—E=+EJ=—f(r;+;;,+r3) E
-1 I+ AN
1 IE! I,

28
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Applying KVL to laop-5, we get

—0-01(/, +1,)- 0051, ~0-05(1, - 1,)=0
SO AT =2 i e (2)

Solving equation (1) and (Z)weget/, =94-3d4and I, =9-64

Current through 0.01 ohm resistor connected between nodes A amdBis=7,+7, =103-94=1044

14, Three resistances of 10 ohms, 20 ohms and 25 ohms magnitude a

re connected in parallel
across a 200 volts de source. Compute the current and power dr

awn from the source.

(1st semester 2008)
Solution :
Total resistance of the circuit is,
LB A, -
R. "R R R,
oS
R, 10 20 25 100
=R_= N =5.263Q
19
Current flowing through the circuit is,
200
I=——=384
5-263
Power drawn from the source P = VT =200 38 = 7600 watts.
15. Four resistances of 5 ohms, 10 ohms, 15 ohms and 20 ohms, magnitude are connected in

serics and the series combination is connected across a 200 volts de source. Compute the
voltage across each resistor.

(Ist semester 2008)
Solution : Total resistance of the circuit is,

R=R,+R,+R, +R, =5+10+15+20=500hm.

_— 200
Current flowing through the circuit, [ = % =44

Voltage across 5 ohm is ¥, =4x 5=20 volts,

34
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4. A 100 W, 110 V filament lamp is to be operated on a 230 V DC supply. Determine the value
of resistance to be connected in series with this lamp.
(1st semester 2005)
Selution :
72 (110)°
Resistance of lamp R = i S (——-}— =210
P 100
When lamp operated on 230 volt DC supply then resistance e
o (230)° o
R'=—= =529Q .
P 100 g OB
R' = R = R, = resistance conneeled in series with the lamp Qe . \20 _ -132
GrRel s
=R, =529-121€408Q X
5. A moving coil instrumient gives full scale deflection with 15mA and has a resistance of 5
ohm, How the instrument may be used as (i) 2A ammeter (ii) a 100 V voltmenter
(Ist semester 2003)
Solution : R, = resistance of the coil = 5 ohm
I, = full scale current = 15 mA = 0.015A
I R. 0-015x5
(i) Shunt resistance r = ———= =0-0377 ohm.

I-1  2-0:015

If a resistance of 0.0377 ohm connected in parallel with the moving coil instrument then it represents
2A ammeler.

V—IR. 100-0-015X5

= =hb6]-66 ohm
| 0-015

(ii) Series resistance R =

If a high resistance 6661.66 ohm connccted in series with the moving coil instrument then it
" represents 100 V voltmeter.

20
6. Current flowing through branch AB is 3p g 30 Cr"'—"'-'"'"-"'r:l'l—“ D
I0A. Find the Currents through the “*5a YW Yol T. e <
resistors 0of 20, 4 Q and 8 €. : e
AN~
in
(2nd semester 2005)

29
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Voltage across 10 ohm is l, =4x 10=40volts.
Voltage across 15 ohm is ¥, = 4x15=60volts.
Voltage across 20 ohm is I, = 4x 20 =80 volts.

16. An inductor of inductance 75 milli-henrigs carries a current of 10A which reverses in 20
milliscconds. What is the average vollage induced in the inductor because of this current
reversal ?

(1st semester 2008)

Solution : Average voltage induced in the inductor is

[ 10-{-10
V =,E.*-ﬂri =T75x107" x —[;l = T5 volts.
dt 20 107
17. Find current in the circuit given below marked as ' 1",
(Ist semester 2009)
ia 26 20
AW A AW
IJI:
o 60 - g _
100V — B 60 ;12;1 40
Soution : - -
AW AW
IA
= 1] (4+2)=12
RN == 20 60 § 4+2+12 i
jo
AW
1A
—— 20 6 40
== 8 AMA——
100 V= g 3=
¥
100 V—
100
W .I, = e—— 251‘:‘
4
35
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Solution :

The equivalent resistance of 20, 4Q and 8Q is 8/7 ohm.

According to current division rule,

i R, . 3o 5 30 B/70 5
= AN — W,—
'R, +R, 10A
=10- |
3+4-142 MW
30
=4-24
C t through 8/ istance i
wrrent through 8/7 ohm resistance is 4.2 A. 310 " 4.142¢a
4 As—— AN, > ANV~ —D
P.d across CD = 4-2x > = 4-8 volt. 10 !
7 Ly
As 2€), 4Q and 8Q are connected in parallel. AN
8 3a

So current through 2Q = 4? =2-44

e a)

Current through 4Q = 4T =1-24

lm

Current through 82 = i =064

= )

p A 60w, 220V lamp is connected in serics with a 100 W, 220 V lamp and the serics
combination (of thses two lamps) is connecied across a 440V supply. Which lamp will
experience a voltage more than its rated value ?

(1st semester 2006)
Solution :
P, =60W, V, =220 volt. R R,
. . Al A
i 220)° 3 v, V.,
L L S j ‘
P, 60
P, =100 WV, =220¢ .
440 volt

30
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18. Find the voltage across SA source in the circuit shown below.
(Ist semester 2009)
sa
Al
10V — 5 A
3 ilg Q
Solution : S0 v
Applying KCL to the node, A I
Tt #5=0 - - C
=10-F -V +25=0
=V =17-5volts. %’

19. Three resistances of 12 ochms, 24 ohms and 30 ohms magnitude are connected in series and
the series combination is connected across a 220 volts DC source. Compute the power
dissipated in each resistor and the total power drawn from the source

(Znd semester 2009)
Salution :
Total resistance of the circuit is R=12+24+30=066 Q
Current flows through the circuit, / = Ll =3.334 2a ot o] nn

Total power drawn from the source = /*R =
=(3:33)" (66)
=731-867 walt

Power dissipated across 12 Q resistor =(3-33)" (12) 11 EETRY

=133-06 watt,

Power dissipated across 24 Q resistor = (3-33)” (24)

=206-13 watt.
Power dissipated across 30 € resistor = (3-33)” (30)

I &

= 33266 watt,
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I)"\-: (22{]] 2

= — 440 % BO6-66 " ;
1 R, +R, —_—-_Eﬂl,'rﬁ{:-r- TV 275volt
R, 484
and V,=V. eema— 6
R, +R, 806-66+ 484 10> VoIt

The first lamp will experience a volt

age (275 V) more than its rated value.

A moving coil instrument gives full scale

deflection with 20 mA and has
ohm. Caleulate the resistance required in p

a resistance of 5
arallel

to enable the instrument to read upto 1A,

Solution :

(Ist semester 2006)
I, = full scale current = 0.020 A

R = resistance of the coil = 5 ohm

! i
Shunt resistance required r = lal PRI =0:100hm
=1 1-0-020

A moving coil having a resist

ance of 5 ohm gives full scale deflection with 20 mA current.
Calculate the resistance requi

red in series to enable it to read upto 20 V.

(Ist semester 2006)
Solution :

R .= resistance of the coil = 5 ohm,

I = full scale current = 0.020 A

: g : dR—V_m'*" _20-0-020x5
Series resistance required & = ; Y

=095 0

10. A voltmeter V of 25 kilo-ohm resistance connected across a load resistance R reads 250 volts.

What is the value of R if the total current supplied to V and R combination is 0.0725 ampere ?,

(Ist semester 2007)
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20, Four resistances of 15 ohms, 30 ohms, 35 ohms, and 50 ohms magnitude arc connected in
parallel across a 230 volts DC source. Compute the power dissipated in cach resistor and the
total power drawn from the source. What is the total current ?

(Second semester 2009)

Solution :

Total resistance of the circuit, is
L _ el iure
R 15 30 35 50
=R=6-734Q

v (230)°
' =L =T855-66 watl.
Total Power drawn from source 7 = 6.734

230)
Power dissipated across 15 £ resistance = ( ]5} =3526-66 watt.

(230)°

Power dissipated across 30 £ resistance = =1763-33 watt.

e o 230)° i
Power dissipated across 35 £ resistance = ( 35} =1511-4 walt.

(230)°

Power dissipated across 50 £ resistance = =058 watt.

A LLL R 1730\
Total current flows through the circuit, / = rl . 34-1554
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Solution : | | R
— e -
Given, 1=0.0725 A
Voltmeter reads 250 volts. LY
I, x25x10" =250

250
=l =—__.
T 2sxigr - oM @

But f=f1+f2

=1, =1- 1, =0-0725-0-01=0.0625 4
But R and 25 10° are connected in parallel,
So LR=1,%x25%10°

_1,%25%10°

=R = 4000 0/m

11. A resistor of 5 ohms is connected across a potential differcnce of 20 volts. Calculate the
power dissipated and the energy transferred to heat in 3 minutes.

(1st semester 2007)
Solution :

Given R =350lm, V =20volis. t =3 minutes = 180 sec.
r: (20)°
Power, P= ? — [—5}-— = B0 watt.

Heat energy transferred, H = W = Pt = 80 % 180 = 14400 Joule

12. A coil of 15 ohms resistance is in parallel with a coil of 25 ohms resistance, This combination
is connected in series with a third coil of 10 ohms resistance. 1f the whole circuit is connected
across a battery having an emf of 50 V and an internal resistance of 1.5 ohm, calculate

(i) the terminal voltage of the battery
(i1) the power dissipated in the 15 ohm coil. (Ist semester 2007)
Solution :
g 15%25 [, 150
Total resistance of the circuit is, R = +10+1-5 A =AM~ 1060 B
15425 [.[__,m____}—'m—
r 250
=20.875Q A
50
t ring through the circuit is, = ———=2-3954
Current flowing throug ircuit is PR /
. 15%25 {rh—
Resistance between terminals A and B = —+10=19-3750 30w

15+25

32
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(1) Terminal voltage, 17 =2-:395x 19-375=46-4V
(i) According to current division rule,
R 25
=T i =2.395x% =1-4964
L=l"23R, 15425 ’

FUNDAMENTALS OF ELECTRIC CIRCUITS

Power dissipated in 15 ohmis P =1 R = (1 .496)" (15) =33-57 waut.

13. Compute the current in the 0.01 ohm resistor connected between nodes A and B in fig using
Kirchhoffs laws.
(2nd semester 2007)
0.05 ohm J40 A 0.05 ochm
AN : ANV
D
70 A
160 A e k.
A 0.01 ohm
C
AR Ah
0.05 ohm *Sﬂ A 0,01 ohm

Solution : From figure,

0.05 ohm *4.‘3,&, (105 ohm
- 2 D 1601140
- 0 A
L 0.01 ohm B
C 1,-50
Ay AN -
0.05 ohm Ysoa 001 ohm
Apply KVL to the
loop ABDA,
~0-01 17, +0-05(160~ 1, — I, —40)+0-05(160— 1, - 1,)=0
=01/, +0:11 1, =6%.... PR s i (1
Apply KVL to the loop ABCA,
~0.01 7, +0-01 (1, =50)+0-05 1, =0
=006 7, =001 1, =05 cccrrerrrreess (2)
Solving equation (1) and (2) we g (1, =47-104 - |63 & e |
A = " V. L
So Current through 0-01Q l@?,lﬂ !'L:) Ly = 25 +bS %
33
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T 1.1 The hot resistance of a 250V [ilament lamp is 627€ . Determine the current taken by the lamp
and its power rating. [0.4A, 100W]

T1L2. Acurrent of 4A flows through a conductor and 10W is dissipated. What p.d. exists across the
ends of the conductor ? [2.5V]

T 1.3 Find the power dissipated when :
(a) a current of SmA flows through a resistance of 20 k2.
(b) a voltage of 400V is applied across a 120 k€ resistor.
(c) a voltage applied to a resistor is 10 kV and the current flow is 4mA.
[(a) 0.5W (b) 1.33W (c)40W]

T 1.4, The p.d's measured across three resistors conneeted in series are 5V, 7V and 10V, and the

supply current is 2A. Determine (a) the supply voltage, (b) the total circuit resistance and (c) the
values of the three resistors.

I(a) 22V (b) 112 (¢) 2.5Q, 3.50Q , 50

TL15 Forthe circuit shown in Figure T 1.1, determine the value of V, . If the total eircuit resistance
is 36£2 determine the supply current and the value fo resistors Ry, Rs and Rs.

R, R, R,
_|_.__JI i | 1 I—
- i F

|“- T T e [10V, 0.5A. 20 €2, 10 €, 6 Q]

B I :

AEval 50 R,

Fig T1.] e

CTA

T. 1.6 When the switch in the circuit in Figure T 1.2 is ), |
closed the reading on voltmeter 1 is 30V and that on voltmeter b iy J
2 is 10V. Determine the reading on the ammeter and the value

of resistor Rx. ( )

[4A, 2.5 Q] Fig. T1.2

T1.7 Tworesistors are connected in series across anl 8V supply and a current of 5A Nows. [T one of

the resistors has a value of 2.4 Q determine (a) the value of the other resistor and (b) the p.d. across the
2.4 Q resistor.

[(2) 1.2Q(b) 12V

38

Downloaded from www.LectureNotes.in. Contributed by Dr. RAMAPRASAD PANDA



https://lecturenotes.in

FUNDAMENTALS OF ELECTRIC CIRCUITS

T 1.8 Anarc lamp takes 9.6A at 55V, It is operated from a 120V supply. Find the valuc of
the stabilizing resistor lo be connected in serics. [6.77 Q)

T1.9 Anoventakes 15A at 240 V. Tt is required to reduce the current to 12A. Find (a) the resistor
which must be connected in series, and (b) the voltage across the resistor. [(a) 4£2, (h) 48V

T 1.10 For the ¢ircuit shown in Figure T 1.3 determine (a) The reading
on the ammeter, and (b) the value of resistor R.

[2.5A, 2.5Q)

11.5A
o . ‘ Fig. T1.3
T 1.11 Find the equivalent resistance between
the terminals C and D of the circuit shown in 150 13a
- 150 L
Figure T 1.4. [27.5 Q] C_ ,—l :
B e
\_ 1542
.
Fig. T1.4

T1.12 Resistors of 20 ©, 20 ©Q and 30 © arc connected in parallel. What resistance must be added in
series with the combination to obtain a total resistance of 10 €. If the complete circuit expends a
power of 0.36 KW, find the total current flowing. [2.5 €1, 6A]

T 1.13 A resistor of 2.4 Q is connected in serics with another of 3.2 Q. What resistance must be
placed across the one of 2.4 £2 so that the total resistance of the circuit shall be 5 Q7 [7.2 Q]

T1.14 A resistor of 8 Qis connceted in parallel with one of 12 £ and the combination is connected in
series with one of 4 €. A p.d. of 10V is applied to the circuit. The 8 €2 resistor is now placed across the
4 Q resistor. Find the p.d. required to send the same current through the 8 £2 resistor. 130 V]

T1.15 Iffouridentical lamps are connected in parallel and the combined resistance 1s 100 €2, find the
resistance of one lamp. [400 2]

39
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T 1.16 Three identical filament lamps are connected (a)

; : in series, (b) in parallel across a 210 V
supply. State for each connection the p.d. across each lamp

[(a) 70V (b) 210V
T 117 Calculate the resistances of 1 L0V light bulbs rated at 25 W, 60 W, 75 W and 100 W.

[484 ©, 161.3 ©, 201.67 Q, 121 Q|

T1.18 An eleetric heating pad rated at 110 V and 55 W is to be used at a 220 V source. It is proposed
to connect the heating pad in series with a series - parallel combination of light bulbs, cach rated at 110
V, bulbs arc available having ratings of 25 W, 60 W, 75 W and 100 W. Obtain a possible scheme of
the pad-bulbs combination. At what rate will heat be produced by the pad with this modification ?

[One 100 W bulb in series with a parallel combination of two 60 W bulbs, 54.54 W |

T1.19 Find the voltage of point A with respect to point B in the Fig T 1.5. Is it positive with respect

oB?
5A
e A D oo
N
0V — BV |
3a v §3n §4£1
+
c °B
Fig. T1.5

T1.20 An electric lamp whose resistance, when inuse, is 2 ohm is connected to the terminals of a dry
cell whose e.m.flis 1.5 V. If the current through the lamp is 0.5 A, calculate the intemal resistance of
the cell and the potential difference between the terminals of the lamp. [T two such cells are connected
in parallel, find the resistance which must be conneeted in series with the arrangement to keep the
current the same as
before. [1 €2; 1V; 0.5 £2]

T- 1.21 Determine the
current by the source in
the circuit shown in
figure T 1.6.

v
[28.45 A] — 2 .

1
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Measurement Systems
and Transducers

Chapter - 6

6.1 Introduction

In every engincering application there is a need for measuring some physical quantities such as
temperature, pressure, stress, forces, flows and displacements ete. The quantity to be measured also
includes electric quantities like, current, voltage, resistance, inductance, capacitance, frequency,
phase angles, power and magnetie quantities like flux, flux density, inductance etc.

All these quantities require a Primery detection elements Known as sensor or transducer. The output
of these elements are Converted into another analogus format which in acepted by the measurement
system.

The input signal to the sensor or transducer is called an information for the measurement system. The
information may be in the form of a physical phenomenon or it may bé an electrical signal. These
informations are passed through Various Processer stich as signal Conditioning, Sampling, analog to

digitial Conversion and necessary Compulter interface be fore using it by a digital Computer. A
typical measurement system is shown in fig 6.1 .

Information Signal

L - TR P . 1 Computer Digital

Conversion Interface Computer

Fig 6.1
6.2 Sensor Classification

Sensors are broadly classificd as below,
a) Depending on power Supply :

(i) Active transducers.

(ii) Passive transducers.
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b) Depending on type of measurements :
(1) Primary transducers.
(i1) Secondary transducers.
c) (1) Analogous transducers.
{i1) Digitial transducers.
Active transducers develop their own voltage or current without help of auxiliary clectrical power
supplies. Thermocouple, photovoltaic diode and piezoelectric erystals of self generating transducers,

Passive transducers are those that require an external power source. Their cxamples are
potentiometric device, resistance strain gauge, thermistor ete.

Primary transducers are those which sense a physical phenomenon. Thermocouple is one such
transducer which sense the heat and convert it directly into an analogous electrical output. Secondary
transducers first sense the input which in converted to an electrical output and then this output is again
converted to electrical signal by a secondary transducer.

Analog transducers always produce an electrical analogous output due to an input physical variable
which in a continous function of time. LVDT, thermistor, thermocouple, straingauge are examplcs of
analogous transducers.

In digital transducers the output is descrete or digitally coded output of binary time.

6.3  Specification of Sensors

Each sensor is usually accompanied by a set up specification that indicate its overall effectiveness in
measuring the desired physical variables.

(i) Accuracy : Conformity of the measurement o the true value, It is usually represented in
percent of full scale reading.

(i1) Error : Difference between measurement and truc value expressed a percentage of full scale
reading.

(ili) ~ Precision : Number of significant figures of the measurement.
(iv)  Resolution : Itin the Smallest measurable in crement.
(v) Span : It is the lincar operating range over which it operates.

(vi) Range : It is the range of measurable values.

(vii)  Linearity : Conformity to an ideal linear calibration curve, usually in percent of reading or

full scale reading (whichever is greater).
6.4 Motion and Dimensional Measurements

s include absolute position, relative position (displacement), velocity,

These type of measurement | : _
ese can be either translational or rotational

acceleration and jerk (the derivative of acceleration). Th
measurcment.

The sensors which is used for motion and dimet
straingauge, peizoclectric sensors, capacitive sensors CIc.

isional measurements are resislive potentiomeler,

(a1) Resistive Potentiometer @ In resistive potentiometer, the displacement or motion will be

measured by changing the resistance at the output of the potentiometer. This will be of two
types, (i) Lincar potentiometer (ii) rotational potentiomeler.

296
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Linear Potentiometer : In this potentiometer, the displacement will be measured by changing
the resistance at the output of the potentiometer. The circuit diagram is shown in fig 6.1

Let B = total resistance of the section AB of the Potentiometer.

A
The resistance per unit =
R R Q
length of the system = — = — —
¢ g AB L m
: : 0
¥V, = input voltage to the potentiometer Vi 1 < T T -
V.. = output voltage of the polentiometer. ! .
Resistance at the output section OB of the potentiometer _L J_
¥ -
B
R R o 6.
=2 B == ¢ Fig 6.1
L L

According to voltage division rule,

: resistance of the section OB
V.. = total voltage applied x f

tetal resistance

Ry
=>Jf’mr=}"m:-ci=VMx£
R L
4

= x=— %]
i.-"

EL

Rotational potentiometer : In this potentiometer the angular displacement will be measured by
changing the resistance at the output of the potentiometer. The circuit diagram is shown is fig 6.2,

Let 0 = angle subtended by the potentiomeler in radian,
R = total resistance of the potentiometer in ohm.
8,= angle subtended in between initial point A and wiper (sliding contact) of the

potentiometer.

g = resistance per unit angle (in radian) subtended by the potentiometer.

Fﬂ“r - ﬂutp“l \'ullﬂgc hclt\'l."::l‘l. iﬂitiﬂl Pﬁiﬂt _.I"'[ E,ll'ld “,'ipc[‘ ﬂr‘[hc Fﬂmmiﬂlllﬂtﬂr.

V., = input voltage to the potentiometer.
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According to voltage division rule, o 1
resistance between initial point A

amd wiper

V.. = total veltage applied to the potentiometer -
e 855 ! total resistance.
R :
— X 31 wiper
=V,.,=V, 9 resistive
R malterial
— N T -EI—'
oul T n 0
'Il.f

in

(b) Strain Gauge : Strain gauges are well used in
measurement of pressure/ force applied on a surface of a
body. Strain gauges are the devices that are bonded to the

surface of an object and whose resistance varies as a function of the surface strain experienced by the
object. Strain gauges may be used 10 perform measurements of strain, stress, force and pressure, The

resistance of any material is given by R =p %

where (= length of the material

p= resistivity of the material

A = area of cross-section of the material.
When cither length (£) or area of cross-section (A) of n material changes then its resistance changes.
Resistive strain gauges are based on this principle when the material is compressed then its resist
deercased (as length decreses). The relationship between the change
length is given by gauge factor (GF).

AR

Gauge factor (GF) = ;;i‘
N2

anee
In resistance and change in

Where A R =change in resistance.

AL = Change in length

Wire strain gauge bonded on clastic backi

Fig. 6.3

ng

Af o
= longitudinal strain.

Schematic diagram of resistive strain gange is shown in the fig 6.3.
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(¢) Peizoclectric Sensor : It is based on the principle of Piezo electric effect i.c a voltage is produced
between surfaces of a solid dielectric (non conducting substance) when a mechanical stress is applied
to it or when a voltage is applicd across certain surfaces of a solid that exhibits the Piezoclectric effect,

the solid undergoes a mechanical distortion,

(d) Capacitive Sensors :
Ae

The capacitance of a parallel plate capacitor is given by C = i
L

Where A = area of each plate

d = distance belween two plates.

€ = Permittivity of the material in between two plates.
For small distance or proximity measurements, capacitive transducers are used. In this kind of

transducers, the distance between the plates d will be used as a input parameter by which the distance/
proximity will be converted into its equivalent capacitance by the capacitive transducer.

Sensitivity of the capacilive transducer is § = i

dx :
change in capacitance el 4 f
change in distance between 1

two paralled plates. capacitance changes with capacitance changes with
changes in plate overlap changes in distance

where dc
dx

Capcitive transducers may change its capacitance

by three parameters;

(i) due to change in distance (d) capacitance changes with
s - changes in dielectric
ii due to ch ; :

(i1) ange in area (A) Fig, 6.4

(iii)  due to change in dielectric constant ().

The three configurations are shown in fig 6.4

6.5 Flow measurement

In many engineering applications it is desirable to sense the flow rate of a fluid. The measurement of
flow rate is accomplished by two fluids. These are compressible (gas) and incompressible (liquid)
Generally three types of sensors are used for measurement of flow rate of fuid. These sensors operate
on three principles, they are named as,

(i) differential pressure measurement on a calibrated orifice.
(1) hot wire anemometer.

(iii)  turbine flow meter.
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(i) Differential pressure measurement on a calibrated orifice : Fig 6.5 shows a differential
pressure measurement unit on a calibrated orifice. The relationship between pressure across the
orifice (P - P2) and flow rate through the orifice (q) is pre determined through proper calibration,

The difference of pressure gives the flow rate. I
4

= Flow rate (¢) a pressure difference

= ‘?*k{ﬂ_’n:)

Where K is calibration constant.

(i) Hot wire anemometer : Hot wirc anemometer works
on the principle in which a heated wire is cooled by the
flow of a gas. The resistance of the wire changes with
temperature which is reflected in the form of change in

voltage by the help of wheat stone bridge circuit as
shown in fig 6.6.

When gas flows through the heated wire then its
temperature falls. Due to this fall in temperature, the
resistance of heated wirc R decreases. As a result the
voltage V;, changes.

Fig 6.6

(i} Turbine flow mefer : In a turbine flow meter the fluid Mow causes a turbine to rotate. The

velocity of rotation ol the turbine is related to the flow veloeity which is measured by a non-contact
sensor as shown in fig 6.7.

Free Rotor
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6.6 Temperature measurement

Temperature is widely measured and control as industrial variable. In measurement of temperature two
types of sensors / transducers are used. (i) thermocouple (if) resistance temperature detector (RTD).

(i) Thermocouple : A thermocouple is working on a basic principle of "Sceback effect”. According
to this effect, when two different types of metal junction is exposed to hot or cold environment then
there will be current at the metal junction. In fig 6.8 two metals (Nickel - chromium and Nickel
aluminium) are formed a junction, When this junction is kept at 3007 C then junction is generating
12.2 mv at the thermocouple terminals. So depending on this principle the temperature is normally

measured, Nicket-Chromium
Let T = temperature
300C .
V = generated voltage across the thermo couple. 12.2mV
The relation between T and V is given by,
R a+ 'LJV +:ﬂ.lrlf'z +orrrnsatal " Nickel-Aluminium
Fig. 6.8
Where a, a, a, .-.;.', a are metal coefficients,
{ii) Resistance temperature detector (RTD) : It is a variable

resistance device whose resistance is a function of temperature. It
works on the principle of piezo resistance.

Piczo resistance is a property of a metal by which the metal resistance
decreases or increases depends on temperature of the metal. The
schematic of RTD is shown in fig 6.9. When RTD exposed to
temperature then its resistance will be varied, so that, the resistance
will be measured as a unknown in a wheatstone bridge as shown in fig 6.10 Fig. 6.9

[Nifferential
I’mmp] ificr
offset
output

RTD
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A more accurate representation of RTD temperature dependence can be obtained by using non-linear
equation and it will be described by temperature coefficients, R = R (14T = BT — CT?)

where A, B are temperature coefficients and C will be zero for temperatures above (0°C.
6.7  Wiring, Grounding and Noise

When a signal is generated from a transducer it should be properly connected to the measurement
system withowt disturbing its inherent propertics. This includes proper wiring, grounding and
reduction of noise in the signal if any.

6.7.1 Signal and Measurement Configuration System

Ideally a sensor can be modeled as an ideal voltage source in series with a source resistance. The
signal source can be a grounded type or a floating type. A grounded signal source is one in which a
ground reference is established. In this case the negative point of the signal is connected to the ground.
In a floating signal source non of the terminal is connected to the ground.

In analogy with a signal source a mecasurement system can be either ground referenced or differential.
In a ground referenced system, the signal negative point is tied to the instrument casc ground. In a
differential system neither of the two signal connection is tied to ground. Thus a differential
measurement system is well suited for measuring the difference between the two signal levels. Fig 6.11
shows a grounded system and a floating system of measurement.

o —o
+
Source ground v, s Vs
&—
J"-’Tlm AV (-‘l-' A
Measurement t‘j___- T T
system ground  Grounded Ground-referenced o

i : el sysiem
signal sourge measurement system 1~

(a) Ground loop in pround referenced measurement system

= O o
* +
y1—o
Al

I " g bt Ly

+0o

@
(=]
o

Grounded Differential e Floating Differential ~ Floating  Ground-referenced
signal source (nonreferenced) signal (nonreferenced)  signal measurement
measurement system SOUTCe measurement  source system

system
(b) Differential (non reference) measurement system L el
(c) measuring signals from a floating source

Fig 6.11
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6.7.2 Noise Sources and Coupling Mechanism

The output of a sensor contains undesirable signals along with signals to be measured. These signals
are often impossible to eliminate completely. This noise is mainly caused due to coupling of a noise
source, Fig 6.12 shows the essential slages of a noisy measurement.

Coupling
Moise miechanism Sensor or Signal
Source conditioning circuit
Fig 6,12

The coupling mechanism may be following types.
(1) Conductive coupling.

(ii) Capacitive coupling.

(1)  Inductive coupling.

In conductive coupling the power supply is connected to both a load and a sensor. In capacitive
coupling mechanism the clectric field may cause the noise. Inductive coupling cause the noise due to
magnetic field generated by the current flowing through conductor. Fig 6.13 shows the various WY'S

1",:\. Moise
( : source
Power FEY, w - i
i supply 1 | Electric
i ! 1 field
Sienal
& una
2 b SOUTCE R,
Load a
SR Capacitive
[——u‘i.-l'u = coupling
+v Sensor b
Vi, Magnetic flux lines

Conductive coupling

Inductive coupling

Fig 6.13 303
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6.7.3 Noise Reduction

The noise caused in the signal before reccived by the measurement system needs to be completely
eliminated or reduced to the maximum possible extent. The various technigque are,

(i) Sheiclding

(i) Twisted pair wire,

A sheielded cable is made of a cupper braid or of foil and is usually grounded at the source end but not
at the instrument end. The sheield can protect the signal from a significant amount of electromagnetic
interference, especially at low frequencies. Sheielding can not prevent inductive coupling and hence
twisted pair wire is used for reducing inductive coupling. Fig 6.14 shows the schematic diagram of

shielding.
¥ Shield
i
=
Signal source Mensurement system
Fig 6.14

6.8  Signal Conditioning

After noise reduction the signal available is to be conditioned for effective and aceurate measurement.
The signal available may need the following operations known as signal conditioning.

(1) Amplification
(i) Filtering
(iii) Isolation

Instrumentation amplifiers are usually employed to increase the strength of the measured signal
without disturbing its original characteristics. During the course of amplification the noise present in
the signal also get amplified. These noise are then filtered by suitable filters. The filtering may be of
passive type or of active type. In passive filteres, passive clements like inductors and capacitors are
used. The passive filter can filter noises of a fixed range of frequencies.

Active filters are used to effectively filter out the various noisy signals by using operational amplifiers
(opamps), resistors and capacictors.

Active filters can be of following types.
(i) Low Pass
(i1) High Pass
(iii)  Band Pass
(iv)  Band Stop
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If the noise have frequencies higher than the frequency of useful signal thus low pass filters will allow
only the useful signal to the measurement system. signal to pass through above a certain frequency
known as cut off frequency.

The band pass filter allows only a certain range of frequencies to pass through while band stop filters
blocks a particular range of frequencies. The characteristics of these filters are shown in the fig 6.15 .

f t
o/ | PSS band Ciain
- e
Coetin = i ic ﬁ, ;ﬂf
b ’/d;f

stop band

S
A
BN

ﬁ stop band 2 §1
L I‘—":J L {High pass)
oW pass
t f
Gain Gain
pass band pass band

stop band

7
.

-

NN

. -
4 f £

- s
(Band stop) Fig 6.15 (Band pass)

Some time the output of a sensor is used to control a system like speed entrol of motors, voltage
control of a de-de converter ete. In these application il is necessary to isolate the control circuit from
the main power circuit. This can be achived by using pulse transformers, opto- couplers, drivers with
isolation facilities (e.g IR 2110). A signal conditioning block diagram is shown in Fig 6.16 .

Sensor Amplifier Filter Isolmion

Ta
Measurement
w¥siem
control system

- - TSN

Signal Conditioning Fig 6.16
6.9  Analog to Digital Converter

An analog to digital converter, sometime abbreviated as ADC, A/D or A to D. It is an ¢lectronic

device that converts an input analog voltage or current to a digital number proportional to the
magnitude of the vollage of current.

By converting an analog into digital, it can be used to,
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. display in a digital display devices.
. stored in a digital computer
. modified in a compatible form to other device,

Methods of ADC are (i) quantization
(ii) tracking ADC
(il))  integrating ADC.

i) Quantization :

— In quantizalion process, an analog signal will be sampled then quantized each
sample.
— Itis a process of converting a real value into its equivalent binary form in one's and
zero's.
— The quantization process is shown in fig 6.17.
5
4
[ak
-]
&
4
2

b} 0

£}

Fig,. 617

The clock count accumulated during the discharge time is proportional to the analog voltage. Hence
the clock count can be treated as a digital output for a particular analog signal.

6.10 Digital to analog converter (DAC)

A digital to analog converter (DAC) will convert a binary word to an analog output voltage. The

binary word is represented in terms of one's (1) and zero's (0). DAC is working on a simple basic
principle of binary to decimal conversion.

Let a given binary digit is, B = (Er b {: .f:)

4
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L] 2 | n
Its equivalent decimal (analog) represcntation is, [ b2 + .’;*2 + b2+ !1-2]

Depending on the above principle, a DAC shown in fig 6.18.

The given 4 bit binary are applied at the corresponding locations as shown at inputs '?- b, {1, f,;- . For

an operation amplifier the V', is fined as, 2K
1.25K
v =—[R—"'~.’;-F} tﬂf}—% - ;
awr R i (L] ,
r 2 6-—-1.;'%15]\ = + .
Henee ? = 2K, f::‘ =1-25K, 2-5K,5K, 10K, i o
and b= b, b, b, b : =
i 172 1 [l é_zl.lﬁmﬁhﬂ,_ Fig 6.18

It will simply act as a summing amplifier. So the equation of converting binary to decimal will be
applied here in order to converl a digital signal into analog signal the above circuit will be useful.

6.11 Types of ADC

Analog to digital converters are used to convert analog signal to digital signals. There are various type
ADCS arc used.

(1) Successive approximation (2)  Flash
(3) Integrating ADC

Integrating ADC

The integrating ADC operates by the principles of discharging a eapacitor. When a clock is used to
allow the input analog voltage then the capacitor is charged for a shorter time, and determined by a
fixed number of clock pulses. Then the capacitor is allowed to discharge through a known circuit and
the corresponding clock count is incremented until the capacitor is fully discharged. The letter
condition is verified by a comparator as shown in fig 6.19. The clock count accumulated during the
discharge time is proportional to the analog voltage.

‘ r:C
L

ey AN
,.E. 4{/ Counter
T +
Digital of
= = ‘L gial ofp

Integrator Capacitor

[ R |

resel

Fig 6.19
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Successive Approximation ADC

Successive approximation ADCs are the most commonly used. A block diagram of the Successive
approximation ADC is shown in fig 6.20 This method involvés making successive guesses at the
binary code corresponding to the Dt
input voltage vi. The trial code is

Initial

valid Condition
converled into an analogue voltage i
using a DAC and a comparator is l__ Clock
used to decide whether the guess is
too high or too low. On the basis of |
this result another guess is made, Capacilor i
and process repeated until I is e
within half a quantization interval = .
of ¥ ERERERRERIET

Flash ADC Fig 6.20

The flash ADC is fully parallel and is used for high speed conversion. A resistive divider network of
2" resistors divedes the known voltage range into that many equal increments. A network of 27 1
Comparators then compares the unknown voltage with that array of test voltages. All comparators
with inputs excluding the unknown are on, all others are off. This comparator code can be converted

to conventional binary by a digital priority encode circuit.

Tracking ADC

The tracking ADC is shown in fig 6.21. The input signal is applied to a positive input of a differential
amplifierand it 18 continjuously compared with the negative input. The digital output will be achieved

at the output of up-down counter.

Clock
o Up-l‘.luwn
Up-Down Counter
Control
9 Digital
______ i _u(_']ulput
Viie DA
Anmalog
Input Fig- 6.21
The integrating ADC

Integrating ADC operates by charging and discharging a capacitor. It one can cnsurc that the ca{pamtﬁr

charges lincarly, then the time it will take for the capacitor to discharge 18 Iu]-.arly n.lnltu 1.(_: 1 Li

I;ﬁlildc of the voltage that has charge the capacitor. A clock is used to ullﬂ;v the inpu ]t {ana Ingkm:-n.l

wip : | wmacitor is allowed to discharge through a kKnown
I as : the capacitor is allowed o

aroc the capacitor for a short time and lhgn :  discharge througha ‘

p I:I-h'lltf L:;';n:i lhc:l Eﬂrrcspnnding clock count is ineremented until the capacitor 15 fully discharged. The

ircuit £ nen! s

rngrcnnditinn is verified by a comparator as shown in fig 6.22inthe block diagram.

; 3!]9
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Fig 6.22
Example 6.1

How many comparator are needed in 8 bit flash ADC ?
Solution :
The number of comparators neededis 2" —1=2" —1=255

Example 6.2

A 4 bit DAC using a binarv weighted resistor ladder has a reference sources of 10 v de and £ = /.
Find the output voliage £, for the input word (1101}, .
-ER, a
Solution : = = 3> =T fa, =La. % 1l.a, =0,a;,=1)
= (=10v) —l—+ I--r—l = (=10v)[ 1+05+0125] = —1625:
' R i ey =

Example 6.3

A4 bit DAC using the R-2R has a 5 v de reference potential. Calculate to for the input word (1010), .

Solution:  E,=EY % = s['l+i+ir-*-’_]:5[-]-+f]
=5[0-5+0:125]=3:125¢

Example 6.4

If the maximum analog voliage 17, of a 12 bit digital o analog converter (DAC) is 15 1) lind the
cssential step size O v by which V', can increment.  Heren=12,v =135»

5
Ans. Qv =— = = = 36062 my .

I
-Eﬂ
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Q.1.  Find the full scale output potential form 8 bit DAC with a reference potential of 10 V DC.

[9.96 V|

Q2. Find the conversion time for a full scale input potential for an SA (Successive
Approximation) ADC if the clock speed is 2.5 mHz.

Q3.  An 8 bit DAC using a binary weighted resistor ladder has a +7.5 V DC reference potential,
Find the output potential for the input word 101101112 if Rf = R,

Q4. A very fast ADC circuit that uses a bank of voltage comparators is called the ..............
Frertddnannanana ﬁDCI

Q5. A platinium resistance sensor is to be used to measure temperature between 0 and 200” €.
Given the resistance R, Q at T°C is given by R, =R, (1+ 0T+ BT*) and R, =100,
Ry =138-500, R, =175-83Q. Calculate the value of o and B,

['3~“?I x107 i —5.85x I[l""i'z]

Q6. A temperature alm'm unit with a time constant of 120s is subjected to a sudden rise of

temperature of 50" C because of fire. 1f an increase of 300 C i 1s required to activate the alarm.
What will be the delay in sudden temperature increase. 11005]

Q7. A thermistor has a resistance temperature co-efficient of -5%

1 : over a temperature range of
25"C to 50"C. If the resistance of the thermistor is 100£ at 25°C. What is the resistance at
35°C.

[5082]
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Transient Analysis

Chapter - 4

4,1 Introduction

When an electric circuit containing an ohmic resistance only is switched on, the eleetrie current
acquires its maximum value almost in zero time, Similarly when such a circuit is switched ofT the
current reduces to zero almost in zero time. When electric eireuit contains an inductor or a capacitor
or both, the growth as well as decay of current are opposed by emf induced. Therefore electric
current takes some finite time to reach its maximum value, when the cireuit is switched on. Similarly
when the circuit is switched ofT, the current takes some finite time to decay to zero value. Electric
currents which vary for a small finite time, while growing from zero to maximum value or while
decaying from maximum value 1o zero value are called transient CHrrents

Transients are produced whenever -

(i) a circuit is shorted

(i) there is a sudden change in applied voltage

(iii)  acircuit is suddenly conneeted to or disconnected from the supply.

Transient currents are associated with the ch

anges in stored energy in inductors and capacitors,
There are no transients in pure resistive circui

L. It is because resistors are not stored cnergy.
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4.2 Differential equations for circuits containing inductors and capacitors

Inductor

When a wire of finite length twisted into a coil then it represents an inductor, Inductance is a property
which opposes any change of magnilude or direction of electric current passing through the
conductor. When a steady current (D.C) is allowed to flow ina inductor, it behaves like an inert
element (i.e. presence is not felt). However, when the current changes with respeet to time then
inductor shows its presence and opposes to the change in current. As a result a voltage is induced
; . g a di = :
across the inductor whose magnitude is givenby V, = LT and direction is opposite to the flow of
af
current (by Lenz's law). If current through the inductor is constant then change in current is zero (i.c.
di =0). So voltage across inductor in zero (i.e. V{=0). This means that an inductor behaves as a short
circuited coil in steady state. For a minute change in current within zero time (dt = 0) the voltage

across the inductor is infinite (i.e. ), = ). This means that an inductor behaves as open circuited
just after switching across d.c voltage.

Power absorbed by inductor is given by P=Vi=L- ;ﬂ -i=Li- il
¢

dt

Energy absorbed by inductor is given by I = fF - dt =_[ L:‘-% -dt = %LF

It may be noted that the inductor can store finite amount of energy, even the voltage across it
may be nil.

Capacitor

A capacitor is formed by any two conducting surfaces separated by a dielectric medium. Capacitance
of the capacitor is defined as the ability to storc energy in its electrostatic field. However, a capacitor
has a typical characteristics which does not allow any change in voltage across it. If a change in
voltage with respect to time is imposed acrass it then it allows a current through its dielectric mchdium
(ie. displacement current). The magnitude of this current is given by

v
e e T .
7y (n

Where C in the capacitance in farad and % is the rate of change of voltage in volt/sec.
i

(1) dv=cli-d.“

rir:rl?:i‘[r'-df
C-.

i
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From equation (2) V=V, + .é:q(;_} et

Power absorbed by capacitor is, P=Vi=V .-C—

Encrgy sorted by capacitor is, W' = J p-d j C e dr = —1~C
1] Qo

2

The capacitor, on application of d.c. voltage and with no initial charge first acts as short circuit
but as soon as the full charge it retains, the capacitor behaves as open circuit. It may be noted that the
capacitor can store finite amount of energy even the current across it may be nil.

4.2.1 Solution of Differential Equation

Differential equations are used in the treatment of lransient i.c. single energy transients (involved in
R-L and R-C circuits) and double -energy transients (involved in R-L-C circuit). We will consider
both first - order and second - order differential equations.

1. First order Equations :
(i) Let E’E +ay =0, Where a is a constant. The solution of this homogencous differential
Ix

equation is y = Ke™™, where K is the constant of integration whose value can be found from
the boundary cnndmuns.

. d
(ii) Let 'ﬁ +ay =, where Q is cither a function of independent variable or a constant.

The solution of this non homogeneous differential equation is
y=e‘-d.t IEHJ." .Q'dx+KE—ﬂl'

y = Particular integral + Complementary function
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The particular integral part (.:.-"“Je'“ -Q-a‘.t) does not contain the arbitrary constant K and
complementary function part (h’v'“" ) does not depend on function Q.

2. Second Order Equations :

d’y dy
Let A4 Tv + B r +Cv =0, where A,Band C arc constants.
ax oy

The solution of this homogenous differential equation is v = K, ¢ + K o'
Where K| and K, arc the constants and P, and P, arc the roots of the characteristic cquation.
The characleristic equationis AP 4+ BP4+C =0

_ -B+NB' -44C

The roots of this equation Py o
—B++B*—44C -B-+B*-44C
24 ‘ 24

The values of K and K, can be evaluated by using initial conditions for the original equations and
[ 2 Y S £

derivative of the original equations, which is time. To summerise the behaviour of the basic elements

at t =0 and t = e= discussed elaborately in the examples.

4.2.2 Initial and steady state conditions

Every circuit when excited from a energy source the behaviour of the circuit is characterised by a
differential equation, while selving the equation we get constants of integration. To evaluate these
equations it is necessary to know the behaviour of the circuit (of each element) at various instant,
particularly at initial (t= () and final (t = =) the following table is given.

Table
S1.No.| Name of the element with symbol Att=0 Att= oo
g 3 i R
1 Resistance —ANA—s —AMA——— AN
L "m[ﬁ'ﬁ" —a ——
2 Induciance + o.c T i
3 o C
Capacitance i I ] = e e
Inductance & o lo Io
4 withinitial % ﬂ El
current lo . . 5
Capacitance C
"n"Cl"ElEE Vo vu 1,..r" V‘\ ;
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4.3. Transient response of Ist order circuit

The first order circuil contains resistance and one cnergy storing  clement i.c. one inductor or
capacitor. This first order circuit, during its transicnt state of operation, is governed by first order
linear differential equation.

4.3.1 D.C steady state solutions of R-L Circuit

Consider a R-L circuit connected in series with a battery of voltage V and a switch S. The R-L
combination gets connected to the battery when switch S is connccted to terminal 1 and is short
circuited when switch S is connected to terminal 2.

Growth of current in RL circuit

When switch S moves to tlerminal 1, the battery is o u.,]::hw f:zliﬁ
connected and current grows in R-L circuit. Due to
self induction an induced emf is set up across
inductance L. By lenz's law this induced emfl =
opposcs the growth of current, The current rises T
gradually and it takes a definite time to reach its

steady wvalue (i.c. maximum value). This time is Fig, 4.1
called transient time,

Consider some instant t seconds afier the voltage is applied,

i = Current flowing through the circuit at instant { seconds.

di 157
— = rate of growth of current at this instant.

V. = iR = Voltage across R

V,=L- L Voltage across L
di

Applying Kirchholff's Voltage law (KVL),

V=Ri+ f,-Lh
o

FEquation (1) is a non-homogenecous differential equation.

Solution of this equation is,

177
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R R I3
; =gy W ==y ey
i=e b et Sdt4Ke F o @ Z+ay=0
L we know dy
=i=i, +i, El v Ic‘“.Q.dx+ Ke™
Where i, is the particular solution that provides the
steady state response and i; is the complementary =2
function that always goes o zero value in a short I=x
time (transient period). R
. , _ here i _
Solution of equation (2) is, F -
v jL.> 78
i=—+Ke L ... B (. I=Q

An inductance has a property called as “elecirical

inertia” which does not allow sudden change of current through it following the laws of
clectromagnetic induction.

So current flowing through inductor just before switching is cqual to current just after switching. But
before switching therc was no current through the inductor. Therefore, just after switching (i.e. at
time 1 =0") the current through the inductor will be zero.

At ¢ =07 (just after switching) i.e. with initial condition, equation (3) becomes

B g

0=E+Ke~'~ =—+K [
R R

~
f
_l.
T
L

A

Putting this valuec of K in equation (3) we get

v v -%

Sk~ Fig. 4.2

Where N
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Equation (4) is called Helmholiz equation for growth of current in R-L circuit. This equation clearly
shows the exponential rise of current i charging the inductor. The graph between i and tis shown in
fig 4.2.

If we put r—_-'t:% in equation (4) we get szﬂ(i—-f")-:ﬂ-ﬁﬂfn =063-2%o0flp .

Thus time constant is defined as the time during which current in an inductor rises to 63.2 percent of
its maximum value.

If we put r = eoin equation (4) then we get i= I“(I—e g ]= I,. Thus current in R-L circuit would

attain maximum value (Ip) only after infinite time. But practically current reaches its maximum value
after a time which 1s five times the time constant.

; ; di
Voltage drop across inductor is , V,=L- =

di
d _ d v
=V, =L--£};|:ID(I-—E %)]=L-E[,rn—fﬂe ]

W =l Eifoe ;{:—If.,e""r ] L L[u+lfue'4}

| dt T
=V, =L L%Iue'% =1/, Re™*
| /K
=V, =Vet (-where V = [,R)

Voltage drop across resistor 1s

V, = sﬁ=fu(|—e'% )n =p(; _et )

In transient period voltage across rcsistor exponentially rising and voltage across inductance
exponentially decaying. Once the transient dies out

within a short time then steady current (f i =%) I R L
remains in the circuit. s
Decay of current in R-L circuit : x';._:.. 2

When switch S suddenly moves to terminal 2 then
battery gets disconnected from the circuit and current
in R-L. circuit decays.

Fig. 4.3
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Let i = decaying current at any instant. dy 1
. we know Fap=0
Applying Kirchhoffs law (KVL), oy
] sy=Ke™
Ri+ L- ﬂ =0
di -
di R oy
:#""—'i’:n ............................ (5] IIETE.f:.T
i
. R —
Equation (5) is a homogeneous differential equation. E =a
Solution of this equation is
. ]
f=KE b ieesirerssssmmmnecissassanses (6)
Where K is a constant whose value can be calculated from initial conditions.
IJ'
With the initial conditions, at{=0,i=/,= 7
.. equation(6) becomes.
3]
E =FKe * "
W, ik
= K = R
Putting this value of K in equation (6) we get.
R
j=tet =1t o) —

Fig. 4.4

wher: -%: E and-k—=‘r=tirnr.' constant.

Helmholtz equation for decay of current in R-L circuit, The graph between i and

Equation (7) is called
t is shown in fig.4.4.

= & in equation (7) we get i=le’' =0371,= 37% of 1.
R

Ifweputi=T

' i i i o alls 7% of 1ts
Thus time constant is defined as the time during which current in an inductor falls to 37%

maximum value.

V. sl—

Voltage drop across inductor, ¥, =57

d 3 Lot =f1 -——-l— e~
=:-I"L=L~Efue't =L I|-— |7 =Ldo _%-

il
=V, =—l R et =-Fex

I 1
1 — = 2T = I}E -3
Voltage drop across resistance, V¥, =iR=1 RETT=

180
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4.3.2 D.C Steady state solutions of R-C circuit

Consider a R-C cireuit connected in series with a battery of voltage V and a switch S. The R-C
combination gets connected to the battery when switch § is connceted to terminal 1 and is short
circuited when switch S is connected to terminal 2.

Charging of R.C. Circuit
When switch S moves to terminal 1 then battery is connected to the circuit, Initially capacitor  is

uncharged and voltage across it is zero. (i.e. Ve=0). The whole of supply voltage V appears across
resistance (i.e. Vg = V). As Vi is zero so capacitor behaves as a short circuit. According to Ohm's

law the initial current in the circuit is Iy = _FE

As current flows the capacitor starts charging and capacitor voltage V(. increases. As a result
voltage across resistance (Vy) decreases and charging current also decreases.

Cs o wp— e ey VIR T

When capacitor becomes fully charged (i.e. Ve = V) then Vi becomes zero and charging current also

becomes zero. As charging current is zero, the capacitor behaves as open circuit. This current takes
a definite time to reach its zero value. This time is

called transient time. C
g : | ~5 R

Consider some instant t seconds after the voltage — e A | 1|
is applied.
i = current flowing through the circuit at instant t Y==r4 2
seconds. ‘

Ve =Ri=Voltage drop across R. Fig. 4.5

1
Ve= Ej i~ dt = Voltage across C.
Applying Kirchhoff’s voltage law (KVL)
.1
Ri+—[i-di=V
| 5

Differentiating both sides w.r.t time *t’ we dy

get, we know E =i

L Ly=Ke ,

di C
8 Ty R e
ﬂ‘.‘ R‘C =W ot LT l: } I=Xx
1
—_— = T
RC ;
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Equation (1) is a homogeneous equation.

The solution of this equation is,

Where K 1s a constant whose value can be caleulated from initial conditions.

With application of voltage and assuming no initial charge across the capacitor. the capacitor will not

4
produce any voltage across it but acts as a short circuit causing the circuit current to be z

With the initial condition i.c. at t=0*,

Currcntr(ﬂ ) T equation (2) becomes
IV 0
R = Ke ®C

=k =—
R

Putting this value of K in equation (2) we get
Y oo

i=—g i

R

Si=lyet i (3)

Where [, = ® = maximum current (i.e initial current) in the circuit.

T = RC = time conslant (or capacitive time constant)

Equation (3) is an expression for charging current at any instant t seconds. This charging current in a
decaying function whose graph is a curve as shown in fig. 4.6

As the capacitor is petting charged, the charging current dies out,

Voltage across resistor
Vo,=iR=1I,Re-t=Ve7 ... (4

Voltage drop across capacitor

v, =~éji-dr=é—£fue*%

[1] [ —=

A e
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=¥, =V ()=o) i B
The charge stored in capacitor during charging is ¢ =CV,. =CV (1 -e” )= Q(I - "fL)

In transient period vollage across resistor
exponentially decaying and voltage across

capacitor exponentially rising as shown in fig. 4.7 v
If we put t = 1= RC in equation (5) we get Ve
Ve =V(1-€")=0632V=63.2%of V.
voltage UR
Thus time constant is defined as the time required .
LATE G i

for the voltage of capacitor to attain 63.2% of its
steady state value. The time constant determines Fig. 4.7
the length of transient period.

If time constant (T ) is more then transient period is also more (i.e. capacitor takes more time to
attains its steady state value).

Discharging of RC Circuit :

When switch S moves to terminal 2 then battery gets

disconnected from the circuit and R-C circuit is R C

shorted as shown in fig. 4.8. __.L o AN, F [[
s

The wvoltage across the capacitor was  starl 7

discharging current through the resistor in opposile  V ———
to the original current direction. Hence the direction
of current during discharge is ncgative and its
magnitude is V/R. ' Fig. 4.8

Let i = discharging current at any instant.
Applying Kirchhoff"s Law (KVL)
Ri+ lj idi=0
£
Differentiating both sides w.r.l. time t we get,
di i

R—+—=0
dit C
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Equation (6) is a homogenous differential equation. Solution of this equation is,

Where K is a constant whose value can be calculated from initial conditions.

-V
With the initial condition, at 1 =0, i= ?l , equation (7) becomes,

0
—— K{'-l _R't'-

s K=-L

Putting this value of K in equation (7) we get,

i "
f=—EE"E£. =—J‘Iu£"'-:‘ ...................... (8}

Equation (8) provides the decay of current in a charged capacitor. Fig. 4.9 shows the plot of decay
of current of a charged capacitor with respect to time.

1 time — +V
: vollage Vl‘
0
[ —=
V.
-V

0 R Fig. 4.9

voltage across resistor is V', = Ri=—I Re~t =—-Ve 1

Fig. 4.10

1
voltage across capacitor is V. = —J:‘ -t
.
=V, = l_[—f e~ -dt = I—“xe'{' x1=-Le-{RC
& C 0 C

=V.=1I,Re-+=Ve-
Fig. 4.10 shows the plot of decay of voltage of a charged capacitor with respeet to time.
The charge in capacitor during discharging is,
q=CV, =CVe-3 =Qe-3
where O = CF = maximum charge in capacitor.

:5134-
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4.4  Transient response of second order

The second order circuit contains two independent energy storage clements with or without addition
to resistance. This second order circuit during its transient state of operation is governed by second
order differential equation.

4.4.1 Solution of Second order circuits

Consider a second order circuit containing resistance (R),inductance (L) and capacitance (C)
connected in series with d.c. source of voltage V as shown in fig. 4.11.

This  circuit involves two types of cnergies i.c. R | [
Ficclmmag..nfztic and l:!cr.'.tru:-:ltarlit:. So any suddlcn f:llm?gc ANV R I I

in the conditions of the circuit involves the redistribution

of these two energies. The transient current produced due
to this redistribution may be unidirectional or a decaying

oscillatory.

—a
|

When switch S is closed then R-L-C combination gets ’X“ + ||
connected to the battery. Fig. 4.11

Let = current flowing through the circuit at instant 1
seconds.

Applying Kirchhofl's valtage law (KVL)
g ljs-m: v
di C

Differentiating both sides with respect to time 1 we get,

0
R ﬂ-i' L: —r{—,{ + = =1
di di C
di R di 1
LS P T, TR (
di* L dt LC
Equation (1) is a second order lincar homogeneous differential equation, Its characteristic equation
is, P? +£P + =3 R IO wp=d
& LC dt
=Ry f[-"-'] __4
The roots of this characteristic equation are, PP, = LY L‘} LC
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2
:.-__Ri (.’3] ..L
2L 2L LC

=otf
P=a+p and P, =a-p

3

RY 1
where o= — and =l =
2L B (ZL] LC

The solution of the differential equation is,

i= K" + K, oo 3)

Where K, and K, are constants whose values are caleulated from boundary conditions.

-

Case - 1 : High - loss circuit, (%J = 1—15 i.e overdamped. iT

In this case B is positive real quantity. Hence roots P, and P, are real

but unequal. t—=

i=Ke" +K,e™" =K """ 4k, Fig. 4.12
=i=Ke" " +K,e® e = [K,e’" + K:e'p’] ........... (4)

Equation (4) represents over damped transient non-oscillatory current as shown in fi e.4.12.

Case -2 : Low - Loss circuit, (%] < é:‘.e underdamped.

In this case [} is imaginary. Hence the roots P, and P,
are complex conjugates.

P=o+jB and P,=o-jB 4
1

o iz K+ Koo = KMy e /-\ /\ [\

=i=Ke* e + K,e" .eM U U ==
2 t—>

g c“'[ﬁi,e‘ﬂ‘ +K26—1ﬁ*] ............ po—— ) Fig 4.13

Equation (5) represents damped transient oscillatory
current as shown in Fig. 4.13,

TRANSIENT ANALYSIS

Case-i‘a:( &
2L

In this case Bis zero. Hence the roots P, and P, are real and cqual.
P=a+0=cand P =0-0=0

z
| 22 :
=—— ie critical damping.
] = ping

For the case of real, repeated roots, not only i=K e satisfies the
differential equation, equation (1), but also i = K,e® can be scen to
satisfy equation (1). By superposition, the form of the transient solution 3
will be seen tobe i=K ¢"+K te"......(6)which contains two constants,
as it should for the solution of a second order differential equation.

It is a casc of critical damping because current is reduced to almost -
zero in the shortest possible time as shown in fig. 4.14. Fig. 4.14
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Application of Thevenin’s Theorem

Solution of simple circuits is possible with classical method as discussed above. When delt with
series parallel circuits classical method become more complex for getting the solution. Hence
Laplace transformation is used to solve such circuits. However, Thevenin's theorem can be used
for first order differential equation with scries / parallel configuration.

Procedure to solve a R-L circuit with Thevenin's theorem :

r

It is already derived that the charging current in a inductor is given by i = —E(l —et ) Where L is

the inductance across which the current in measured and R is the Thevenin’s equivalent resistance of
the circuit seen across inductor terminals, V is the Thevenin's equivalent voltage of the circuit seen
across the inductor terminals, It is explained in detail in the following example.

Example 4.1 : The switch of the circuit shown in fig, 4.15 has been open for a very long time
the switch closes and again t=50ms the switch opens. Determine the capacitor voltage as a furicTion
of time using Thevenin’s theorem.

R, =1000Q2, R, =1000%,
R, =500, C=25uF
Solution : Given the switch has been open for a very long time, So V. (1) =0atr=0",

Att=0" (i.e. switch has been closed fora long R, R,
time) steady - state condition occurs since the oYo A
voltage across the capacitor can nol change
instantancously, this voltage [V (1)=0] will == V= 15V
also be the capacitor voltage immediately after ~ T
the switch is closed.

Ve(0")=r.(0")=0 Fig. 4.15 '

—V()
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Example 4.7 : A constant voltage is applied to R-L scries circuit at t = 0 by closing aswitch. The
voltage across L is 25 V at t =0 and drops to 5V at 1= 0.025 Sec. If L=2 H. find

i. the applied voltage and (i1) the value of R

Solution :

I At t =0, the entire voltage is dropped across inductor and no voltage is dropped across
resistor. So applied voltage V = 25 volL.

ii. At any instant voltage across inductor is 5V, (i.e. ', =35 volt)

' S _l‘
¥V, =Ve-t

=25

=5=25¢ *

= T=0-01553

::-~{'-=ﬂ-[]]553
R

L 2

R= = =128 780
0-01553 0-01553

Example 4.8 : The winding of an clectromagnet has an inductance of 3H and resistance of 15 Q,
when it is connected to 120 V de supply, Calculate

i The steady state value of current flowing in the winding.
il. The time constant of the circuit
iii. The value of induced emf after 0.1 Sec.
iv. The time for the current to rise to 85% of its Ninal value.
V. The value of current after 0.3 Sec.
Solution : Given R = 150, L =3H, and V = 120V,
: Vo120
i. Steady state current, /| =—=—=84
? TR A®
ii. The time constant of the circuit
L 3 ;
T=—=—=0-2 sec s
R 15
iii. The value of induced emfafter 0.1 secis,

L

V, =Ve-t = |2-:1|[.~.="="2 ] = 72783 volt

iv. Current at any instant during risc is,
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Example 4.18 : Write the differential equation for t >0 for the
circuit of Fig, 4.38

.. =13V, V,=1¥
L=170mH, R,=2-70Q
R,=4-3KQ, R,=29KQ

Solution : The differential equation for t >0 (switch open) for the
circuit as shown in Fig. 4.39

Applying KVL, we get
Vo+i R +V, +i, R, =0
#(R: +R3)f;. +V, +V, =0

d
=>(R1+R3)5L+L-%+V,z =0
[

] R
=}d'a: +[ 2+RJ}-L+P;1 =iy

dt L L

Substituting the numerical values, we get
dl;L 5 3
-d—+]-9-ﬁxm i, +76:5=0

I

Example : 4.19 Write the differential equation for 1 >0 for the
circuit of Fig. 4.40

I, =1TmA, C =0550F
R, = 7KQand R, =3-3KQ

Solution : The differential equation for t=0 is shown in fig.
4.4]

From figure, capacitor current is,

dv
il
v, _ I
ot &
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Example 4.27 : Determine the current through the capacitor just before and just after the switch is
closed in figure 4,51 Assume steady - state conditions for t < 0.

v =12V, € =0-50F, o
R, =0-6848, R, =]-8A02,

Solution : At t=0", assume steady state conditions exist. If Le é R
charge is stored on the plates of the capacitor, then there will A vV
be energy stored in the electric field of the capacitor and a
voltage across the capacitor. This will cause a current flow

through R, which will dissipate energy until no energy is = 84
stored in the capacitor at which time the current ceases and the Fig 4.51
voltage across the capacitor is zero.

|!..

These are steady state conditions.
i.(07)=0, v.(0)=0

At 1=0", the switch is closed and the transient starts. Since the voltage across a capacitor can not
change instantaneously, this voltage will be the capacitor voltage immediately after the switch
thrown.

o Ve (0)=V.(07)=0

At this instant capacitor behaves as a short circuit. Therefore, all of the voltage V, is across the resistor
R,.

Leti, ({l" ) = current through capacitor.

Apply KCL at top node,
o v(0)-0 v (00)-
‘;([} )+ R - R ={
=i.(0° )+u+u'F' =0
1
e T
AT R, 0:68x10' e

Example 4.28 : Just before the switch is opened at £ = 0in fig. 4.52 the current through the inductor
is 1. 70 mA in the direction shown. Determine the voltage across R, just after the switch is opened.

L=09mH, V¥, =12V
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At steady slate, the capacitor behaves as an open circuit and we can calculate the equivalent open
circuit voltage (Thevenin’s voltage ) and equivalent resistance R .

From fig. 4.16 the Thevenin’s voltage I, = Vollage across R,.

1000
B AR e
R, +R, 1000+ 1000

According to voltage division rule, ¥, =V, - —2—=

T

To calculate R, short the voltage source ¥/, as shown in fig. 4.17

w=fs_ | p 5004 120031000 400
R, + R, 1000 + 1000
R R
R, R, AN ANA
- _l_ R - o
== V=15V R, :v“ 2 R,
Fig. 4.16 Fig-4.17

To write the differential equation we use Thevenin’s equivalent circuit as shown in fig. 4.18.

fort1 20

Let i.(¢) = Current through capacitor C,

Apply KVL,
. Ry,
Vo = Roi (=¥ (1)=0 AN
dv, (1) [
v it
“R- Oty (=
=Vp = RpC 7 (=0 v, —— %)
v (1t
=Rmc”‘()+r«g(r)=vm
dr Fig, 4.18

d  RiC 7 R.E€

dv [t :
= ’()+ : —V ()= o f
dt 1000%25x10 1000 %25 x 10~
dv. (1
= p;()+4ﬂifr(f)=3ﬂ0 ..................... (1)
!
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f:fu[l-r{r)

#EI“ = ,.,(I -e—ai--)

= 1=0-379scc.
V. After 0.3 sec. the current i= Iu(l - e-i)

=3(1—-e=ﬁ-§-)=ﬁ-2u

Example 4,9 : The time constant of a coil was found to be 2.5 ms. With a resistance of 100 £2 added
in series, a new time constant of 0.5 ms was obtained. Find R and L of the coil.

Solution : Given time constant T = % =2.5%10" sec.

When resistance (R) added then time constant

R+100 _
el
= R=250

But giw:n—ﬁ-zz-ﬁxm*.

—

So, L=2-5%10"R=2-5%10" %x25=62-5x10° H

Example : 4.10 An 8uF capacitor is connected in series with 0.5 M resistance across 200V supply.
Caleulate (i) initial charging current (ii) the current and p.d across capacitor 4 seconds after it is
connected to the supply.

Solution : Given C=8x10"F, R=0-5%10°0,
V =200 Vol.
.. . I 200
i Initial charging current = — = ———— = 4x 107" 4
) TG 0-5%10° ‘
194
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Substituting the numerical values we pet, o——NWy
2 R 'y
dv
—= =30909
dt T

dv CD k 1

= ; ~30909=0 R,
= = E=

Example : 4.20 Writc the differential equation for t >0 for the
circuit shown in Fig. 4.42

v, =V, =1, C = T0nF,
R, =14KQ R, =13KQ
and R, =14KQ

Solution : The differential equation for t > 0 (switch closed) as
shown in fig. 4.43

Let ¥V, = Voltage at node 1.

Vot =F
Apply KCL at node |
V,—V, _,¢+IJ—F—" —d ‘v’.q(
1 3
- V,
=-1 24+i +L=0
| 3
Vf'i'fcrﬂz_y:z Ff'l"’-cR: =0
R, ‘ 3
¢ 5 / y
R 1 ;ﬁ
sl Dl Ve + e R :r—[’ =1
Sl | R?.,a '\R1 Rj) RI

Substituting the numerical values we get,

-ﬂ+'}'l4-31ﬂ_ -3029=0
df
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R, =6kQ, R, =6k

R, =3kQ C)vs gRI L R,

Solution : Given i, =170m4A before the switch
is opened. When the switch is opened the
voltage source is disconnected from the circuit.
Since the current through the inductor can not
change instantaneously the current through the
inductor at r=0" is 1.70 mA. At this instant the inductor behaves as a DC current source.

1
L -
:

—

Fig 4.52

Let Ves = Vollage across R,.
i, (ﬂ* )=1‘L (l}' ) =1.7md
Apply KCL at top node,

ORI

R

- _
=~.-P’,”(ﬂ‘)=ll'“(3 - I"Hmjl = 4.080

AN .

+ - e
R, R +R, 3x10° 12x10’

Example 4.29 : Determine the voltage across the inductor just before and just after the switch is
changed in figure 4.53 Assume steady state conditions

exist for 1 < 0. "'!T’ =0
R =220 R;=0-70 R, ‘
v,=12v, L = 100 mH §R, gL
Solution : (i) At¢=0" (switch is connected to R,) V4
Steady state condition exist and the inductor behaves as
- T R -

short circuit. = =
v, (07)=0
Apply KVL, ¥, =i, (07 )R, -¥,(07) =0

=55L(0‘)=%=E}%=1?~14.4

(S

2
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Equation (1) isa non-homogeneous equation. Its 3
solution is given by, We know -{Ei' +ay=0

o ypmm =Y [ E0X . =X
I,rr (f} =g Jemr 2300 di 4 Ke™ ~oy=eT e Ouler K

Here V.[t)=
=¥ 3{][} ik o =A0r C() }I
=V (t)=¢c T + Ke t=x

gﬂ.lll

40=n

=SV ()=T5+Ke™ oo ) =0
Where K is a constant whose value can be
caleulated from initial conditions.

Atr=0", V.(t)=0

0=7-5+Ke™"

=K=-7-5
Putting this value of K in equation (2) we get,
V.()=7-5-7-5¢""
=V, (1)=17-5(1-¢™")
Example 4.2 : At =0, the switch of the circuit Al 1::; 10 10
is closed. With no initial current through the “;w‘ W Wi
inductance, determine the instaniancous &
voltage across the 6£2 resistance as shownin 51,;(:) ?m
fig 4.19. 8
Solution : At (= 0 (before closing) 4

Voltage across 62 resistor = 0, Fig4.19

At t = (after closing the switch), the circuit is shown in fig 4.20.

0 30 A
W A
- i e Yi,

+ +

ISV@) §ﬁ11 ‘ilgl].l 8]
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(i1) Time constant T=RC =0-5%10° x8x10™ =4 Scec.

The current across capacitor is 4 scconds after it is connected to the supply is,

O L —
i=—e-t

R

= i=dx107 e T =1-47x 1074

The p.d. across capacitor in 4 seconds afier it is connected to the supply is I.=F (I - r:‘m"‘]

=¥, =200(1-¢¥ ) =126- 44 volt.

Example 4.11 : A capacitor of 1pF and resistance 82 KQ are connected in series with an emf of
100V. Calculate the magnitude of energy and the time in which energy stored in the capacitor will
reach half of its equilibrium value,

Solution : Given C = IuF =107°F, R=82x10"Q and V = 100 Velt.
Time constant = RC = 0.082 scc.

Equilibrium value of energy = % cv?

Let ¥, = potential of capacitor when energy stored through it is 4i CV* (i.e. half of equilibrium
value).

t =time taken by potential I, across capacilor.

Energy stored in capacitor in time 1= %C s
Ty
Given —CV*  =—=CV
2 4
= T70- 721 volt
Also, ¥, = l-"(l - —{-)
=70-721= lﬂﬂ(l - e—aﬁ:-)

=sr=0:1sec.

Energy stored in capacitor = half of equilibrium cnergy =

-}CF"E =-§>{lﬂ""‘ % 100" =2-5% 107 Joule,
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Example 4.21 : Write the differential equation for t>0 for the circuit shown in fig. 4.44

5, a’){;— #,jl,n S:‘.'r’)i:

R, =5Q, R, =49,

R,=3Q,  R,=6Q

C,=C,=4F e
20V

Fig 4.44

Solution : The differential equation for t > 0 (switch closed) as shown in fig. 4.45

Assume that switch §, is always open and switch §, closes att=10

I R, 2

5

e == 3R, 2R, (1)4a

TE.,-?_' Vrel!= U
Fig 4.45
Node 1 voltage is equal to the two capacitor voltages (i.c. Vo=V,=V)

Apply KCL to node I,

) ) Fy=F.
iy +i,+—2 1t N ——— (1 {= V=)
Apply KCL to node 2,
V:"Fz F; Vs
——= -4 4=
4 3 6
=:»V1—£+E
3 3

Putting this value of V; in equation (1) we get,
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(ii) Att=0" (switch is connected to R, ) transient occurs. Since current through inductor can not
change instantancously so i, ({]* )= fy (D‘ )= 17-144

LetV, (EI* ) = Voltage across inductor,
Apply KVL, -, (0% )i, (0" )R, =0
=¥, (0°)=-1i,(0' )R, ==17-14x22x10" = =337 - 1KV

Example 4.30: At ¢<0, the circuit shown in Fig. 4.54 is at steady state. The switch is changed as
shown t=10

V=13V, V=13 b=l
L=170mH, R, =2-70Q R, L 3R,
R, =4.3kQ, R,=29kQ Vg R,
Determine the time constant of the circuit for t > 0. s =
M., =
Solution : Given the circuit is in steady state condition for t < 0. For -
t = 0 (switch is connected to R, ) transient starts. =
Time constant Fig 4.54
L 170x107 170x 107
)= = = =5-105x 10" d.
(x) R,+R, 43x10°+29x10° (4-3+29)10° s

Example4.31: Determine (1) fort> 0. The voltage across the capacitor in fig. 4.55 just before the
switch is changed is given below,

R,
Ve(07) ==, I, =17mA t=0,6 o—Wha—
C =0-551F, R, =TkQ Ve(t)
-
R, =3.3k0 Q I, =
R,
Solution : When switch is connected to R, the voltage
across capacitor is - 7V (given). When switch is connected = v
to R, the current source (/) and capacitor are connected Fig 4.55
in series. So current to capacitor is constant at [ . L
5]
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Now let us find the Thevnins equivalent circuit across AB as shown in fig 4.21 and hence find out the

current 1. 30

i

—AWW

sV, = 1—5:}(6—} = 10F i:w(j) }nn

R,=(3116)+3=50Q

A

UHI

.

Fig 4.21
Referring to the Thevenins equivalent circuit shown in fig 4.22 the charging current in the inductor is
given by R,
AW A
=K. 'r-l
i, = ﬂ"._ [l_h E_I.L] *
R, T VigoH
. W[ 5% i
=i, = l—e =2 (I—- e )A B
5 Fig 4.22

Voltage across lhc inductnr is
v, -L =Tl [1(| -e )]

=V, =10e™*" volis
Voltage across 3£ resistor is V, =3,
=V, =3x2(1-e™®) =66 volts.

Voltage across 6 Q resistoris =V, +V, =6-6¢ """ + 10 ™" = 6+4¢ " volts.

Example4.3: Withnainitial energy stored in 3 .
the inductance of the circuit shown in fig 4.23 L ALt=0 i
the switch is closed at t = 0. Evaluate +

240V L6HE WV
(i) the voltage across the inductance. -
(if) the source current.

Fig 4.23

Solution : Let us find Thevnins equivalent circuit 480

across the inductor and hence the charging current §,
through it. From fig 4.24,

A +
48 2400 C_)
. = 240 =120 volts.

48 + 48

i é-ﬁﬂ

R, = 481148 = 24 ohms. Fig 4

.24
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Example 4.12: Write the differential equation for N
1> 0 for the circuit of fig. 4.32,

R, =R, =6KQ v, 3R L 3R,

R,=3KQ, L=0-9mH

V. =12 volt. Fig 4.32

Solution : Consider a reference node whose potential is zero. The differential equation for t > 0
(switch open) for the circuit as shown in fig. 4.33.

Let the direction of currents through R, and R, are towards the node

The top node voltage is equal to inductor voltage R, vV,
V.. Apply KCL to top node,

0=p, 0= Vs 3R, 8L 2R,

R +R, R, " T

-]
O
£}
&

, =0 Figd33 =y =0

di | (R, +R,)R, dr
di :
L"H:L(RJ +RI+HJ)+(RI +R2)RJ'I1
=5 =0
(R, +R,)R,
(R, +R,)R,

_r LR AR, +R)

Putting the numerical values we get,
diy

+2:67x10%, =0
dt
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i
v 18 o

iy s+ 3 i =0

I.-"
. . e

- dv, _in+1=D
dr 48 b

Example 4.22 : Determine the initial and
final conditions for the circuit shown in czr-f: AR
fig. 4.46 i,

L=0.9 mH, V, =12V ) 3R, L§ §R.

R, =R, =6KQ

R, =3KQ

" Fig 4.46
Solution : In fig. 4.46 the switch has been L

closed for a long a time. Thus we have
steady state condition and inductor behaves as a short circuit. The voltage across R, is zero,
The current flows through the resistor R, is

V 12
s B (0)=—2= =2md
L R:

T 6x10°

Afier the switch has been opened for a long time, again we have a steady - state condition and the
inductor behaves as short circuit. When the switch is open V', is not connected to the circuit.

Thus i, (=) =04

e s TG

Downloaded from www.LectureNotes.in. Contributed by Dr. RAMAPRASAD PANDA



https://lecturenotes.in

BASIC ELECTRICAL ENGINEERING

Therefore the rate at which charge accumulaies on the capacitor is also constant and the voltage across
the capacitor rises at a constant rate.

Ve (00 )= (07)==7F
i-(t)=1,=1Tm4

I’t.(r}=% j ir{:)-drzré;[ _T i(.(r}-dmj‘fndr]

. dak i
=¥, (0 )+-Cljn'm=rt_. (0 )+E"r

-3
:_'Iil'.[.hﬂiﬁf: —T+3ﬂ-912{1ﬂ]f
0-55x10°

Example 4.32 : The circuit of fig. 4.56 is a simple model of an automotive ignition system. The
switch models the points that switch electric power to the cylinder when the fuel - air mixture is
compressed and R is the resistance between the clectrodes (i.e. the gap) of the spark plug.

V, =12V, R.=0-371Q R=1-TiQ

Determine the value of L and R, so that the voltage across the spark plug gap just after the switch is
changed is 23KV and so that this voltage will change exponentially with a time constant t=13 ms.

Solution ; Given the voltage across the spark plug gap just after the switch is changed is 1/ r =23KV.

i At 1=0" (Switch connected to R, ) steady state condition
exist and inductor behaves as short circuit.

s ¥(07)=0

v,

The current through inductor i, ({}‘ :| = m
1] i

Fig 4.56

i, Att=0" (Switch conneccled to R) transient starts. Since the
current through the inductor can not change instantancously the current through inductor at

0° is also '
= 15 also Au"'ﬁ]'

F R VR
Va ([‘.i )"”:. (':' )R oS R +R, -ve sign indicate that the current is
' discharging current
12%1-7 ?
syp, w2t gy isiTon
=23x10
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From the Thevnins cquivalant circuit shown in fig 4.25

I =Rt
:',_:—”’-[l—e : ] [I—{: ]

=i =5 (l- e‘“’) A

- My
I-6

_120
24

=

L

di
=J.— L
dat

_V _ 120

i N {.J_-L'!J ‘:E.Seﬂjjf _,'4
48

i
f 48
(i)  Sourcecurrent (i;) =i, + i

=i, =55 + 2.5 =5-2.5¢"'4

Example 4.4 : The capacitor of the circuit

TRANSIENT AMALYSIS

Ay

1.6 H

Fig 4.25

= |6 % [5 (l—e"”)] =120 "' wvolts.

Atr=0

shown in fig 4.26 has no charge when the
swilch 1s closed at t = 0. Calcutate (1) the
current through and (ii) the voltage across the
capacitor.

“(D

mn;z§

—~ S0uF

Solution : The Thevnins equivalent circuit Fig 4.26
across the capacitor is shown in fig 4.27. R,
A
100 3 100 ¥i
V. = — | = 250 volts. ¥
. [mm mn] o .
100 % 100 T i e
X s
" = = Sﬂﬂ
100 + 100
Fig 4.27
(i) Charging current through the capacitor is given by,
v (B
i=—t |eMC | 54
R,
=t | A
ks [ 250 [Em;aaa:] i’(D '”Uf-‘? 10002 § T:’
S0
=% = Se A Fig 4.28
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Example 4.13: Write the differential equation for t ey
>0 for the circuit of fig. 4.34. t=0

R, =0-68KQ R,=1-8KQ == éRz
v, =120, C=0-5uF

Solution : Consider a reference node whose =
potential is zero. the differential equation for t >0
(switch closed) for the circuit as shown in fig. 4.35. Fig 4.34

The top node voltage is equal to capacitor voltage V.. Apply KCL to top node.

— - - vf ‘-‘*; T

i'i
¥, _VC _ I"'J_C+‘ [ ;Rv R‘I.
R R © )V,
Fo . ¥o=l = A L
=i =0 =
R, R, Fig 4.35
dav. V. V. V,
=C —5£+-54+—-—=0
dt R, R K&,
dv
dVC' RI+RE Vl [ i.=c- f]
. + V = — - i
g™ [ RR, )¢ R, di
_ Ve [RAR, ]LL
d'li R| R; C RIC

Substituting numerical values we get,

r

fh +4052V,. —35292=0

dt

Example 4.14 : Wrilc the differential equation for t > 0 for the circuit of lig 4.36.
R,
v, =12F, 2 ﬁ
R, =0-68KQ f i,
RE :2 -Em c‘ — R_]. R|
R! =] Bm VI
C =047 F l L
Fig 4.36
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Example : 4.23 Determine the initial and final conditions for the circuit
of fig. 4.47

V, =12V, C=05uF
R, =068KQ R, =18KQ

Solution : From fig. 4.47 the switch has been opened for a long time,
The voltage source is not connected to the circuit. Thus ¥, (0)=0Volt.

After the switch has been closed for a long time, we have a steady-state condition and the capacitor
behaves as open circuit. The voltage across the capacitor is equal to voltage across R, . According to
voltage division rule,

/(o) Ri__ 1800x12

- =871 volt.
R +R, 1800+680 ~ °

Example 4.24 : Determine the initial and final conditions for the circuit of Fig. 4.48

v, =V,=13V, R =270
L = 170 mH, R, =4.3KQ
R, =29KQ

Solution : From fig. 4.48 the switch is connected to R, and voltage
source Vsi. In steady state condition the inductor behaves as short
circuit. Applying KVL we get, ¥, =i, (0)R, =i, (0)R, -V, =0

=p E(D)EF:I_H12= |3_|3 i
5 R +R, 27+43x10’

Fig 4.48

When switch is connected to R, then again steady state condition will attained and inductor behaves
short circuit. Applying KVL we get,

V=i ()R, =i, (=) R, =0 10KQ

V., 13 L

.+ R,  (4:3+29)10° =
SA( !
Example 4.25 : Determine the initial and final C) él(}l{ﬂ gL

conditions for the circuit of Fig. 4.49

ﬁfa(“)=ﬂ

Fig 4.49
203

Downloaded from www.LectureNotes.in. Contributed by Dr. RAMAPRASAD PANDA


https://lecturenotes.in

Given time constant T=13x 107 sce

L

R, +R

= =13x10"

= L.=22-11Henry.

TRANSIENT ANALYSIS

Example4.33: Att=0, the switch in the circuit of fig. 4.57 closes. Assume

i,(0) = 04. Fort 20, find (a) i, (1) (b) ¥, (1).
L =1H, L =5H

Solution : When switch is closed the inductors

behave short circuits in steady - state condition. All of
the current (5A) from the source will travel through
the inductors.

i, () =54 5*"'&@ gmma

In this case time constant,

L +L, 145
L i— _]= 3
10x10 1010

(a) .-'r_(t)=5(1—e-ﬁ')=5(l +f_’!i'5*'”"]ﬁrnperc,

(b) F“(f)—_- L -ﬂi‘i—r}le :f_':[ﬂ(]_ E—r."ufr:iu")]

=8.333¢ /00" Ky

=0-6ms Fig 4.57
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(ii) Voltage across the capacitor is,
ot
Ve =¥, |1-e™| = 250 (1-e7*") volt.
Example 4.5 : Switch S of the network 100082 |}WHF
shown in fig 4.29 has been closed for a long | i o | N
time. At 1= 0, the switch is suddenly opened. o =0 ! -
Evaluate the voltage across the 200 Q resistor, %Hﬂﬂﬂ V.2 20082
4+
Solution : At t=07 circuit is a shown in 180V
fig 4.30.
200 Fig 4.29
At =0, V.=180|——|=80volts 100042 e -
o [IHIJI}] MWW e
At = 0", circuit is as s i 3l. i =
{ = 07, circuit 15ﬂas shown in fig 4.31 i Ci:) § S §1ﬂﬂ'ﬂ
V. (0) = ¥, (0) = 80 volts, = +
The discharging current in the
Fig 4.30
capacitor . =m ¢ e . % 1{ A
800 +200 +v| o
] 80 v M ~100 $00€ 20002
= ﬁﬁae'm e = i, =008 ¢ g +§
Voltage across the resistor ¥, = i. (200) B
=V, =008 (200) =16 ™ volts, Fig 431

Example 4.6 : A coil having L=10 Hand R = 152 is conneceted toa 75V supply. Find (i) the rate of
change of current at the instant of closing the switch, (it) final steady value (iii) time constant (iv) the

time tak

en for the current to reach a value ol 4A.

Solution : Given R=158, L =10H and V = 753V

i
il.

iii.

iv.

%’192‘-

Initial rate of change of current at the instant of closing the switch i.c. at

F P A
r={},isﬂ=—=E=?5—
de L 10 sec
. i = g g V15
Final steady current = Maximum current in circuit =/ =ﬁ-=T§=Ssi

L 10
Time constant T = — = — =067 sec.
R 15
Current at any instant i = .-'u(| il ¥ )

Given i =44 3 425(I—u'ﬂ.:::1'] = {=1:078sec.
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Solution : Consider a reference node whose potential is zero. The differential equation for t =0
(switch closed) for the circuit as shown in fig.4.37

Node 1 voltage is the capacitor vollage V.. and node 2 voltage is V/,.

Apply KCL to node 1

V,=V.
= — l f—] U v R \ul'rq
g = oAt
1F‘I
]fc, > I-’: ; I ¢ R,
S e B PO | =
R, ¢ (N P R, v,
Apply KCL to node 2, o ois
= Vrrfz ﬂ
Ve =¥, DUy Vast, o Fig 4.37
R! R! R!

V,=-v. VvV, V.-V
= 4t 2 L. (2
RZ Rl R]

Solving eqn (1) and (2) we get,

R, , RR,+RR+RR,.

V. = !
CoR +R; ! R, +R, f
RR.+RR.+R.R dV R
+ | By | St | i £ 3 I
=Ve R, +R, . Ry !
:'dl'f‘r R, +R, R, v

G =
dt +C(RLR2+R,R,+R:R,) ¢ (RR,+R,R,+R,R,)C

Substituting the numerical values, we get

dV
—{f;‘1-+ 790F. —6876=0
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Solution : From fig. 4.49 the switch has been opened for a long time, Thus we have a steady state
condition, and inductors behave as short circuits, The values of the two resistors are equal. So the

; : : 5
current flowing through the inductor is i, (0)= i 2:54
After the switch has been closed for a long time, we have again a steady state condition and again

inductors behave short circuits. In this case resistors are short circuited.

So all current is flowing through inductors . i, (==)=54.

Example 4.26: At t<0, the circuit shown in figure 4.50 is at steady state. The switch is changed as
shownatt=10

Ta

R,=TKQ  R,=23KQ

V,=35%,  V,=130V, C=1WF R, =17KQ

Determine at=0" the initial current through R, just after the switch is
changed.

Solution : (i) Att=0"(i.e. the switch is connected to R;)

Let¥, (ﬂ' )= steady state voltage across capacitor before the switch

is thrown,

Al steady state, the capacitor is modeled as an open circuit. So voltage
drops across R, and R, are zero. Apply KVL,

V,+0-v(07)+0-¥,=0
= V. (07)=V, —V,, =35-130=-95 volt.

(ii) ALt=0" (i.e. the switch is connected to R,)

Since voltage across capacitor can not change instantancously, this voltage will be the
capacitor voltage immediately after the switch is thrown.

v.(0*)=v.(0")=-95F
Let i ({:" )= Current flows through R, and R,

Apply KVL, ¥, = (0" )R, +¥.(0" )~ i(0" )R, =0

v, +v.(0* ¥
= i(0")=—2 (0°) __ 130-95 = 1-167 mA
R, +R, 7x10° +23x 10
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10.
11.

12,

210

Transient in R-L circuit

GROWTH

Att =0, entire voltage is dropped across
inductor and no voltage is dropped
across resistor.

e V,=0,V,=V

Att=ea entire voltage is dropped across
resistor and no voltage is dropped
across inductori.e. V,=V,V =0.

Instantaneous growth of current,

I =%(1—E'Rf"i)=fn [1—-37{5]

Rate of growth of current is,
dal ¥V - V -m
L o Ly

dt L L

Initial rate of growth of current (1.c. att=0),
dr_V, . ¥,

@ Lt
(whereatt=0, V=V, )

: I
Maximum Current, [/, =

Time constant, =4 2

" Voltage drop across inductor is

¥, = I":."P;
Voltage dropacrossresistorist, =V ﬁ— e )
DECAY
Instantancous decay of current, 1 = f,c '+

Voltage drop acrossinductor is, V= ye

Voltage drop across resistor y, =y 't

10

12,
13
14.

Transient in R-C circuit

CHARGING

At t = 0, i.e instanl of switching the
charging current 158 maximum and
decreases gradually as the voltage
across the capacitor increascs.

When capacitor is fully charged to
applied voltage (v) then charging
current becomes zero.

Charging Current at any instant,
[mes’Vm f.f_:r'r

Initial charging currenti.e. att=0,
s
i i

Charge on capacitor at any instant,

e 45 )ea1)

where ¢, =€V = full charge of capacitor

= Maximum Current

Final charging current=0
Time constant, T=RC

Instantancous vol t"l.gﬂ ACTOSS C ﬂpﬂtitﬂl’,

::-==*[l-c'1*)—1 [1 e/ RC ]

Rate of nse of voltage across capacitor,
dv.. T

_'_'F;‘-

di RC

Initial rate of rise of voltage across
capacitor (i.e.att=0),

i, _ V-

e RO
Capacitor is almost fully charged in a
timeequalto SRC1.e. 5T

DISCHARGING
Charge atany instant, =g, p
Voltage atany instant, v = e 't
Discharging currentatany instant, s = 0 't
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QUESTIGNS SOLVED

The resistance and inductanee of a series circuit are 58 and 20 H respectively. At the instant
of closing the d.c. supply switch, the current increasces at the rate of 4 -y . Calculate

the applied voltage.
the rate of growth of current when 5A flows in the circuit.

the stored encrgy under steady state conditon.
(Ist semester 2003)
solution : R =58 , L=20H, ﬂ=-4-14—
dt sec

At the instant of closing the d.c. supply switch, the inductanee behaves as open circuit, so no
current flows through the circuit. The voltage drop across resistance is zero and the total
voltage applied is droped across the inductance.

di
Voltage drop across inductance V', = L- i =20x 4= 80volts.

di
V=VF,+L=—
Fil 3

% A g =il
ﬂfizl Vy _80 {53‘5]:2-?51
dt L 20 sec

£
Steady Current / =jE =%=16.ﬂf

==(20)(16)° =2560Joule

I'n.il-l-—

]
Stored encrgy under steady state condition is = = H

What is the time required for the capacitor volt.;;,c ina RC circuit with R =2Q and C = 4F to
reach 63.2% of its steady state value ? {15t semester 2004)

Solution : R=20C=4F
Time constant T= RC =2 4= 8 sec.

g=Q(1-e7)
=&Q -—*Q(I — r:“ﬂ]
..
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17. A capacitor is charged from a de supply of 100 V through a resistor in series having resistance
100 . If the time constant for the given setup is 15 milli seconds, calculate the value of the
capacitance. Also calculate the time requirement for the capacitor to acquire 90% of steady

state charge assuming zero initial charge in the capacitor.

(1st semester 2009)
Solution : V = 100 volts, R =100

Time constant = t= RC =15x10" seconds.

ﬂ—]
Capacitance =C = E-?ﬁl-d—— =1-5x107" F

g=0(1-¢"*)
= 0.90 =Q[1-e'f"{w"]

= 1= 10.034 second.

18. A direct voltage of 200 V is applied to a coil of resistance 20 Q and inductance of 2000 mH.
Find the time taken for the current through the coil 10 reach one half of its final value.

(2nd semester 2009)
Solution : V = 200 volts, R=20Q L=2000x10""H,

- ¥
Final current = }}- =104

Time constanl= 1= %i' =01 second
. P’( -1/,
[=— I-—f")
R
=>5=lo[l—e_yﬂfj

= =0-0693 second.

P reinr s i1 L I R, - T i T Sl A | M A e o D2 AT e i PR M T 01 £l e~ O
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=0:632=1-¢ '8

=]
= E= log, 0-368

==T7-997 sec,

3. A resistance R and 3.5 uF capacitor are connected in series across a 230 V de source through
a switch. A voltmeter is connected across the capacitor.

(1) Find R, so that the voltmeter reads 165 V at 5.65 scc afier the switch is closed.

(i) the initial charging current, (Ist semester 2004)

(iii)  the ultimate cnergy stored in the capacitor.
(iv)  the current at t = 5.65 sec.

Solution : R=7 C=3:5%10"F, V =230 volts,
(1) V. =165 volts t=35-65sec.
Ve =F[I—e7§f}

=165 =23u(1 —e ke ]

e RC =0.2826

-5-65
= =log 0-282
RC g, 6
= RC =447

=R=1-277x10°Q
- = 230
i Initial charging current / = ———— =801
(i BIng " 1277 10% a
(iii)  Energy stored in capacitor = %CVI = é(}SK Iﬂ'ﬁ) (230)"=0-0925 Joule.

(iv)  The current at t = 5.65 sec is,

=365
Ja Ee_ync = 230 o 17T ) Sxi™
R 1277 x10°
=i=180-1x10" ¢ =50.8814
4, A series R-C circuit is excited by dc voltage E through a switch. Find the value of initial
current. (Znd semester 2004)
Solution :Initial current = % Ampere.
5. Find the value of final current in a serics R - L circuit impressed by de voltage V.
(2nd semester 2004)
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Solution : Final Current = -.‘E ampere.
6. itch is closed at t =0
Switch 1s closed a oV ——
Draw i - t graph. What is steady state
Current ?
(Supplementary Exam 2004)
I=1A
= 10
Solution : Steady Current = T 14 N
fo—tm
The 1 -t graph is shown.
7. A 100 WF capacitor in series with an 800 €2 resistor is switched on to a 100 V d.c. supply.
Calculate (i) time constant (11) initial charging current.
(1st semester 20035)
Seolution : C=100x10"F R = 80062, I” =100 volts.
(i) Time constant T=RC =800x100x 10" =0-08sec
o oy : 100
(ii) Initial charging current = —=10-1254
R0
8. A coil having R = 1 ohm and L = 500 mH is switched on 10 a veltage source of 3v d.c.
Find (i) initial and final value of current
(ii) time constant of the circuit.
(iii)  current at { = 500 ms. (Ist semester 2005)
Solution : R=1ohm, L=500x10"H, V =3 volis.
(i) Initial value of current = 0
Final value of current = E-: % =34
=3
(ii) Time constant = -E— — gﬂ;-;_lg_ =0-5scc.
213
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(1)

f:l_[]_,i.r ]:Bh_r“." """.ﬁ!‘:f LT
R i /

A eonl having a resistance of 2 ohms and an inductance of | henry 15 switched on to a 10 valt
d.c. supply. Write down the cxpresston of current 1) in the coil as a lunction of Lime.

f Ist semesier 2006)

Solution : R =2 ohms, L=1H. V = 10 volis,
, L' 9
Time constant = -— = - ={1-5 s¢c.
R 2
s I 10
Steady current = — = e 54

1" ot
Expression of current (1) = — (1= "+
xpression of current i(r) R(I ¢ )

10.

(1)

(11)

(in)

(1v)

11,
(1)
(1i)
(iii)
214

=5[|—¢- 'ﬁ-*].d

A cotl with a self inductance of 4 H and a resistance of L0rohm is suddenly switched across o
20V de supply of negligible internal resistance. Determine the time constant of the coil, the
instantancous value of the current after 0.5 sec. and the time taken for the current o reach
80% of uts final value. What 1s the final steady value of the current ? (fse semester 20006)

Solution : L=4d4H.,R=100, V=20 volis.

Time constant T = i = % =04 sec.

V20
Final steady value of current = R 24

Instantaneous value of the current after 0.3 second 1s

l.-' i ~fit
J.-=E(I_t. r):l[faf Ii‘*]::la--ll'.-' Ampere

-50-)
=0-8(2)=2(1-¢ "¢

=1=0-6436sec.
An 8 micro farad capacitor 15 connected in series with 4 300 kilo ohm resistor and the RC
combination 1s connected across 200 V de supply, Calculate

the time constant

the mitial charging current

the tme wken for the capacitor voltage w reach 160 volis,

B mawow o g - o o e y § o ———— W WSS R G |

e
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TRANSIENT ANALYSIS

(iv)  the current and p.d. across the capacitor 4 seconds afler it is connected to supply.
(2nd semester 2000)

Solution : C=8x10"°F, R=500%10° Q. =200 volts
(1) Time constant T= RC =500% 10° x8x 107" = 4 sec.
(ii) The initial charging current 4 200 4x107 A
11 1t o I ——
g R~ 50010’

iy ¥ =r(1-¢7)

=>15u=2un[l-a'?5]

=1 =06-437 sec.
(iv)  The current through capacitor afler 4 second is,
,'=£¢'.V.ec =ﬂ_¢'}’f1 =0-14%107> A
R 500 10°

P.d across capacitor is I’ = V(I = e"ﬁ’f—)

I
=El}ﬂ(l -e )

=126-42 valts.

12. A direct voltage of 150 V is applied to a coil of resistance 15 ohm and inductance 15 H, What
is the value of the current 0.1 second after switching on 7

(Ist semester 2007)
Solution : ¥V = 150 volts, { = 15£], L=15H

Time consiant = T= %i' =|see.

The current, 0.1 second after swilching on is,

i= E(1—&-'«‘4)
R

=%(1 -e“‘”/f]zﬂ-fﬁu

1 A 10 microfarad capacitor is connected to a constant voltage source through a resistance of

2.5 mega ohm. Calculate the time taken for the capacitor to lose 50% of its charge when the
voltage source is short circuited ?

{15t semester 2007)

Solution : C=10x10"F R=2-5%10"Q
Time constant =1 = RC =25 second.
q=0c™"
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% . Qe_ﬁf}

=1=17-32 second.

=

14. A coil has a resistance of 10 £ and inductance of | henry. What will be the value of current
after 0.1 second of switching this coil to a 100 V dc supply ?

(2nd semester 2007)
Selution : R =108, L=1H, V = 100 volts.
Ti E 1
ime constant =T =—=—=0-1second.
R 10
¥ ( -1/ 100 01
i=—(l=-¢e “)=———(I—e "“']z-ﬁ- 2
R o 3214
15. A condenser of 8LF capacitance is connected to a de source through a resistance of one mega
ohm. Calculate the time taken for the condenser to receive 95% of its final charge.
(2nd semester 2007)
Solution C=8xI10°F R=10"Q
Time constant = 1= RC =& second.
fr=Q(f “f"y‘)
=0-950=0 (f - e'f"i]
= [ =23-965 sccond.
16. A 15 uF capacitor in series with a 15x 10° Q resistance is connected across a constant de

voltage source of 250 volts. The lully charged capacitor is disconnected from the supply and
is discharged by connecting a 1000£2 resistance across its terminals. Compute the initial value

of the charging current and initial value of discharging current. (1st semester 2008).
Solution : C=15%10"F, R=15x10"Q V = 250 volis,
o : ¥ 250
Initial value of charging current = — = =0-0164
15%10°

Initial value of discharging current = . =-0.254

216
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(1)
(i)
(iii)

(1)

(ii)

(iii)

L T Y T A S e et £ S S e et e b g e et

0 JJ’ PREVIOUS YEAR

QUESTIGNS SOLVED

The resistance and inductanee of a series circuit are 58 and 20 H respectively. At the instant
of closing the d.c. supply switch, the current increasces at the rate of 4 -y . Calculate

the applied voltage.
the rate of growth of current when 5A flows in the circuit.

the stored encrgy under steady state conditon.
(Ist semester 2003)
solution : R =58 , L=20H, ﬂ=-4-14—
dt sec

At the instant of closing the d.c. supply switch, the inductanee behaves as open circuit, so no
current flows through the circuit. The voltage drop across resistance is zero and the total
voltage applied is droped across the inductance.

di
Voltage drop across inductance V', = L- i =20x 4= 80volts.

di
V=VF,+L=—
Fil 3

% A g =il
ﬂfizl Vy _80 {53‘5]:2-?51
dt L 20 sec

£
Steady Current / =jE =%=16.ﬂf

==(20)(16)° =2560Joule

I'n.il-l-—

]
Stored encrgy under steady state condition is = = H

What is the time required for the capacitor volt.;;,c ina RC circuit with R =2Q and C = 4F to
reach 63.2% of its steady state value ? {15t semester 2004)

Solution : R=20C=4F
Time constant T= RC =2 4= 8 sec.

g=Q(1-e7)
=&Q -—*Q(I — r:“ﬂ]
..
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TRAMSIENT ANALYSIS

A capacitor is charged from a de supply of 100V through a resistor in series having resistance
100 €. If the time constant for the given setup is 15 milli seconds, calculate the value of the
capacitance. Also calculate the time requirement for the capacitor to acquire 90% of steady

state charge assuming zero initial charge in the capacitor.

(1st semester 2009)
Solution : V = 100 volts, R =1000

Time constant = t= RC =15x10" seconds.

-3
Capacitance =C =E-?-E}%]— =1-5%x10° F

q=0(1-¢7)
= 090 =0 [1 = e"f"fﬁnm"]

= t=0.034 second.

A direet voltage of 200 V is applied to a coil of resistance 20 € and inductance of 2000 mH.
Find the time taken for the current through the coil 1o reach one half of its final value.

(2nd semester 2009)
Selution : V = 200 volts, R=20Q L=2000x10"" H,

i."'
Final current = :‘E =104

Time constanl= 1= %? =0-1second

=1 =0-0693 second.
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=0:632=]—¢ /8
e |
= 5 =log, 0-368

= =T7-997 e,

3 A resistance R and 3.5 uF capacitor are connected in series across a 230 V de source through
a switch. A voltmeter is connected across the capacitor.

(i) Find R, so that the voltmeter reads 165 V at 5.65 scc afier the switch is closed.

(ii) the initial charging current. (Ist semester 2004)

(i) the ultimate energy stored in the capacitor.
(iv)  the current at t = 5.65 sec.

Solution : R=1 C=3:5%107F, V =230 volts,
(1) ¥, =165 volts 1=5-65sec.

V. _;f{ f’ic]
:165=23ﬂ(1-e'”%c]

—5.65
= TR =0.2826

= log, 0-2826
RE T
= RC =447
=R=1-277=10°Q
(ii) Initial charging current / = TS a0 T =180- 1A
(iii) Energy stored in capacitor = % = -(3 ax 1 J 23[1 =0-0925 Joule.
(iv) The current at t = 5.65 sec is,
=565
‘~=£e'§’fm i 230 e 1T sxi0™
R 1:277 x10°
=i=180-1x10" ¢ * =50.88p4
4. A series R-C circuit is excited by de voltage E through a switch. Find the value of initial
current, (2nd semester 2004)
Solution :Initial current = % Ampere.
5. Find the value of final current in a series R - L circuit impressed by dc voltage V.
(2nd semester 2004)
212
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T4.1

T4.2

T4.3

Td.4

T4.5

T4.6

T4.7

T4.8

218

A coil has an inductance of 1.2H and a resistance of 40€2 and is connected to a 200 V, d.c.
supply. Either by drawing the current/time characteristic or by calculation determine the
value of the current flowing 60 ms afller connecting the coil to the supply. [4.32 A]

A 25 V d.c. supply is connected to a coil of inductance 1H and resistance 582, Determing the
value of the current flowing 100 ms after being conneeted to the supply. [1.97 A]

An inductor has a resistance of 2002 and an inductance of 4H. It is connected to a 50V d.c.
supply. Calculate (a) the value of current flowing after 0. Is and (b) the time for the current to
grow to 1.5A. [(a) 0.984A (b) 0.1835]

The field winding of a 200 V d.c. machine has a resistance of 202 and an inductance of 500
mH. Calculate (a) the time constant of the ficld winding, (b) the value of current flow one
time constant after being connected to the supply, and (¢) the current flowing 50 ms after the
supply has been switched on. [{2) 25 ms (b) 6.32A (c) 8.65A]

A circuit comprises an inductor of 9H of negligible resistance connected in series with a 6002
resistor and a 240V d.c. source. Calculate (a) the time constant, (b) the current after 1 time
constant, (¢) the time to develop maximum current, (d) the time for the current to reach 2.5A.
and (¢) the initial rate of change of current.

[(n) 0.155 (b) 2.528A (c) 0.75s (d) 0.147s (¢) 26.67A/s]

In the inductive circuit shown in Figure T4.1, the A

- - - & = & Iﬂ!l
swm;h is moved Fr-_::m p:}s]llull A to position B u:ahl B “x:}_
maximum current is flowing. Calculate (a) the time
taken for the voltage across the resistance to reach 8 Co
volts, (b) the time taken for maximum current to flow il I,
. - - = V-LE 400 mH
in the circuit, (c) the energy stored in the inductor 50
when maximum current is flowing, and (d) the time
for current to drop to 750mA after switching to
position C,

[(a) 64.38 ms (b) 0.20 s (c) 0.20 J (d) 7.67 ms]|

Fig. T4.1

An uncharged capacitor of 0.20LF is connected to a 100V, d.c. supply through a resistor of 100
k). Determine, either graphically or by calculation the capacitor voltage 10 ms afler the
voltage has been applied. |39.35V]

A circuit consists of an uncharged capacitor connected in series witha 50 k&2 resistor and has
atime constant of 15 ms. Determine cither graphically or by calculation (a) the capacitance of
the eapacitor and (b) the voltage drop across the resistor 5 ms alter connecting the circuit to a
20V, d.c. supply. [(2) 0.3uF (b) 14.33V]
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Solution : Final Current = -.‘E ampere.
6. itch is closed at t =0
Switch 1s closed a oV ——
Draw i - t graph. What is steady state
Current ?
(Supplementary Exam 2004)
I=1A
= 10
Solution : Steady Current = T 14 N
fo—tm
The 1 -t graph is shown.
7. A 100 WF capacitor in series with an 800 €2 resistor is switched on to a 100 V d.c. supply.
Calculate (i) time constant (11) initial charging current.
(1st semester 20035)
Seolution : C=100x10"F R = 80062, I” =100 volts.
(i) Time constant T=RC =800x100x 10" =0-08sec
o oy : 100
(ii) Initial charging current = —=10-1254
R0
8. A coil having R = 1 ohm and L = 500 mH is switched on 10 a veltage source of 3v d.c.
Find (i) initial and final value of current
(ii) time constant of the circuit.
(iii)  current at { = 500 ms. (Ist semester 2005)
Solution : R=1ohm, L=500x10"H, V =3 volis.
(i) Initial value of current = 0
Final value of current = E-: % =34
=3
(ii) Time constant = -E— — gﬂ;-;_lg_ =0-5scc.
213
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T4.9

T4.10

T4.11

T4.12

T4.13

T4.14

T4.15

T4.16

T4.17

TRANSIENT ANALYSIS

A 10uF capacitor is charged to 120V and then discharged through a 1.5MQ resistor,
Determine either graphically or by caleulation the capacitor voltage 2s after discharging has
commenced. Also find how long it takes for the voltage to fall to 25V, [105.0V, 23.53s]

A capacitor is connected in series with a voltmeter of resistance 750 k€2 and a battery. When
the voltmeter reading is steady the battery is replaced with a shorting link. I it takes 175 for
the voltmeter reading to fall to two-thirds of its original valuc, determine the capacitance of
the capacitor. I155.91F|

When a 3uF charged capacitor is connected to a resistor, the voltage falls by 70% in 3.9s.
Determine the value of the resistor. [1.08 ML2]

A 50uF uncharged capacitor is connected in seris with a 1 k£ resistor and the circuit is
switched to 100 V, d.c. supply. Determine (a) the initial current flowing in the circuit, (b) the
time constant, (¢) the value of current when ¢ is 50 ms and (d) the voltage across the resistor 60
ms after closing the switch, [(a) 0.1A (b) 50 ms (¢) 36.8mA (d) 30.1 V]|
An uncharged 5 capacitor is connected in series with a 30 k€ resistor across a 110V, d.c.
supply. Determine the time constant of the circuit and the initial charging current. Determine
the current flowing 120 ms after connecting to the supply. ~ [150 ms, 3.67 mA, 1.65 mA|]
An uncharged 80 capacitor is connected in serics with a 1 k€2 resistor and is switched
across a 110V supply. Determine the time consiant of the circuit and the initial value of
current flowing. Determine the value of current flowing after (a) 40 ms and (b) 80 ms.

[80 ms, 0.11A (a) 66.7mA (b) 40.5 mA|

A 60 pF capacitor is connected in series with a 10kC) resistor and connected to a 120V d.c.
supply. Calculate (a) the timke constant, (b) the mitial rate of voliage rise, (c) the initial
charging current, and (d) the time for the capacitor voltage 1o reach 50V,

[(2) 0.60 s (1) 200 V/s (c) 1ZmA (d) 0.323s)
A 200V d.c. supply is connected Lo a 2.5MC) resistor and a 20/ capacitor in series. Calculate
(a) the current flowing 4s after connecting, (b) the voltage across the resistor after 4s, and (¢)
the energy stored in the capacitor after 4s. [(a) 35.95uA (b) 89.87V () 12.13 mJ|
(2} In the circuit shown in Figure T4.2 with the switch in position |,

the capacitor is uncharged. If the switch is moved to position 2 at | 140 V
time t = Os, calculate (1) the initial current through the 0.5 M£, (ii) m !
0-5M

the voltage across the capacitor when 7 = 155 and (iii) the time taken
for the voltage across the capacitor to reach 12V,

(b} If at the time ¢ = 155, the switch is moved to position 3, calculate F

(i) the initial current through the 1MQ resistor, (ii) the energy "“_f }Er‘?—" o1

stored in the capacitor 3.5 s later (i.¢ when = 55). (¢) Sketch a 3
graph of the voltage across the capacitor against time from ¢ =0to M T
t =35, showing the main points. e
[(a) (i) 80 pA (ii) 18.05 V (iii) 0.892 s (b) (i) 40 pA (if) 4830 ] Fig. T4.2
219
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| = |0 '
i) i= -tl—fr |=31-¢ et | = 1.896.4
R I\
9, A coil having a resistance of 2 ohms and an inductance of | henry 15 switched on to a 10 valp

d.c. supply. Write down the expression of current 1} the coil as a function of time.

{Ist semester 2006)

Solution : R =2 ohms, L=1. V = 10 volis,
.- ' IR
Time constant =-= = - ={)-5 scc.
R 2
3 ' 10
Steady currenl = —- = — =54
" R 2

: & -4
Expression of current i(1) = R (I -c ’)

:5[1_‘. '5-*].4

10. A coil with a self inductance of 4 H and a resistance of 10y ohm is suddenly switched across o
20V de supply of negligible internal résistance. Determine the time constant of the coil, the
instantancous value of the current after 0.5 sce, and the time taken tor the current to reach
R0% of s final value. What is the final steady value of the current ! st semester 20006)

Solution : L=4H.,R=100, V= 20 volis.
(1) Timcmnstunl‘r=£=i=ﬂ~45ﬂc,
R 10
¥ Final stead 1 f t Lo 24
‘ ul S Ivl 5 i =R e
(ii) inal steady value of curren TG

(i) Instantaneous value of the current after 0.5 second is

I | s
,-E_E(I_t- '*-):3[;‘_? M]:I--Il? Ampere

Gv)  i= %(1—#"-)
=u-a~:{:}:z[1 e )

=t =0-6436scc.

1l An 8 micro farad capacitor i1s connected in series with & 300 Kilo ohm resistor and the RC
combinguon 1s connected across 200 V de supply, Caleulate

(1) the nme constant
(i1} the initial charging current

(1) the tme tuken for the capacitor voltage o reach 160 vaolis.

214
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T4.18 For the circuit of Fig. T4.3 obtain the _,:ﬁ’_s oA —0———
complete solution for the current 7, (1) t=0 + o a i (1)
through the 5-H inductor and the SACH : ssa
voltage V7, (1) across the 6Q resistor, ' A =4 He o

1ov() Hglit)
+ b =y
s s -—
Fig. T4.3
. 50 % 87 5
[i, (¢)= [;{—? 4 J] R B [EE‘ e’ - 1] A, for i>0 w(1)=-(522/37) ¢ ™ +6)
T4.19 Consider the circuit of Figure T4.4 () PN/ Y | VI
; = S -
and obtain the complete solution for +10V - ém e
the voltage ¥ (¢) across the 5-F qug me |
capacitor and the voltage V), {I} 5 & LN,
across the 58 resistor, ? =0
Fig. T4.4
dv ( ) ( - 2B,
Pl=f —Lid Pyl WL W=l g 7y
i (1)= =)~ m] e 1
i, r]=—5at.[:]:{1259’2?]{' +
~ 2 == - 20V — 250442

T4.20 The swich in the circuit shown in Fig. T4.5 has been in - 23040
position 1 for a long time. At f =0, the switch is suddenly L Sy -
brought to position 2. Determine the current i 1) through —1_,
the capacitance for ¢ > 0. -

T, Fig. T4.5
[~40e """ (u A)
AW ———— WA

T4.21 In the circuit of Fig. T.4.6 swich S A ._:in,
represents a current - operated relay, the . o' a1
contacts of which closc when i, =09, 160V () @ \:H} gn

: - n S
and open when {, =0-254. Determine ?
the time period for one cycle of the relay . I
operation. [4.11 ms.| I'ig T4.6
100042 o oL ig
o) == }
5 V.
T4.22 Switch S of the network shown in Fig, . '
T4.7 has been closed for a long time. Aty =0, the B00CE 0L
i R : 180V
switch is suddenly opened. Evaluate the voliage i
across the 200 £2 resistor. s
Fig T4.7

220
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(ii)

(iii)

(iv)

12.

TRANSIENT ANALYSIS

the current and p.d. across the capacitor 4 seconds afier it is connected to supply.

(2nd semester 2006)
Solution : C=8x10"F, R=500x10"QF =200 volts
Time constant T= RC =500x 10° x 8x10™° =4 sec.
T ) 4 200 4
The initial charging current = —= ————=4x10" 4
R 50010

v, =:f(1~ e"’?)
=:-Iﬁﬂ=2{][}[l-e-‘5'i]

= 1=06-437 sec.
The current through capacitor after 4 second is,
;.ﬂ E ﬂ_}gf = E'Du

R 500%10°
P.d across capacitor is I, = p'(| - E'F:-)

-4/
2001 )

=126-42 volts.

A direct voltage of 150 V is applied to a coil of resistance 15 ohm and inductance 15 H. What
is the value of the current 0.1 second after switching on 7

=i
e’ =0-14%10" 4

(Ist semester 2007)
Solution : V = 150 volts, R = 1502, L=I15H

Time constant = T= %? =] sec.

The current, 0.1 second afier swilching on is,

13.

-£(-<")

=%(1 -e“"”]=u-951,4

A 10 microfarad capacitor is connecled to a constant voltage source through a resistance of

2.5 mega ohm. Calculate the time taken for the capacitor to lose 50% of its charge when the
voltage source is short circuited ?

{Ist semester 2007)

Solution : C=10x10"F R=2.5%10"Q
Time constant = T = RC =25 second.
q=Qc"
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T4.23 The switch of the network of Fig. T4.8 is
suddenly apened at ¢ =0 prior to this. the S
network was under steady state. Determine
the voltage across the 6 resistance for
1> 0.

1ngk

TRANSIENT ANALYSIS

i

0.1H

LIS

[12e™ V]

Fig T4.8

T4.24. The capacitor of the circuit shown in

Fig. T4.9 has no charge when the switch
is closed at r = 0. Calculate (a) the
currént through and (b) the voltage

SA

)18

10082

e

——sour

across, the capacitor.

[(a) 5 ™ (A); (b) 250 (1 — ")

With no initial cnergy stored in the
inductance of the circuit shown in Fig,
T4.10 the swilch is closed at t=0.
Evaluate (a) the source current, and (b)
the voltage across the inductance,

T4.25.

+

240V

Fig T4.9

4842

1.6H

4842

I(a) 25(1 —e"’“)(d); (6)120e 7 (V)

_ T4:26 _The switch in the network of Fig. T4.11 has

Fig T4.10

25442

been closed for a long time; at t=0 it is

]
(=]
=
]
=

suddenly opened. Solve for the voltage v for
S )

g

2805

+
W SnkL2

At 1 =0 the switch of the circuit of Fig.
T4.12 is closed. With no initial current
through the inductance, determine the
instantancous voltage across the 682
resistance. [6+ d4e ™ V]

. T4.27

15V

Fig T4.11

a4l

6L

30

0.1H

Fig T4.12
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#% = Qe_ﬁf’
=[=17-32second.

14. A coil has a resistance of 10 Q and inductance of | henry. What will be the value of current
afier 0.1 second of switching this coil toa 100 V de supply 7

(2nd semester 2007)
Solution : R=10802, L=1H, V =100 volts.
Ti L 1
ime constant = T=—=—=0-1sccond.
R 10
V ( -0/ 100 o1/
I=—({l=¢ " J=—-I|l=¢ " |=6-32
2 jp 1= ) =6-214
15. A condenser of 8LF capacitance is connected to a de source through a resistance of one mega
ohm. Calculate the time taken for the condenser to receive 95% of its final charge.
(2nd semester 2007)
Solution C=8xI10°F R=10"Q
Time constant = 1= RC = & second.
=0-950=0(1- e'r'"%]
=5 [ =23-965second.
16. A 15 uF capacitor in series with a 15x 10° Q resistance is connected across a constant de

voltage source of 250 volts. The fully charged capacitor is disconnected from the supply and
is discharged by connecting a 1000£2 resistance across its terminals. Compute the initial value

of the charging current and initial value of discharging current. (Ist semester 2008).
Solution : C=15x10"°F, R=15x10°Q, V =250 volis.
i : ¥ 250
Initial value of charging current = — = =0-0164
15%10°

Initial value of discharging current = _Zﬂi{:.:} =-0:254

216
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Transient Analysis

Chapter - 4

4,1 Introduction

When an electric circuit containing an ohmic resistance only is switched on, the eleetrie current
acquires its maximum value almost in zero time, Similarly when such a circuit is switched ofT the
current reduces to zero almost in zero time. When electric eireuit contains an inductor or a capacitor
or both, the growth as well as decay of current are opposed by emf induced. Therefore electric
current takes some finite time to reach its maximum value, when the cireuit is switched on. Similarly
when the circuit is switched ofT, the current takes some finite time to decay to zero value. Electric
currents which vary for a small finite time, while growing from zero to maximum value or while
decaying from maximum value 1o zero value are called transient CHrrents

Transients are produced whenever -

(i) a circuit is shorted

(i) there is a sudden change in applied voltage

(iii)  acircuit is suddenly conneeted to or disconnected from the supply.

Transient currents are associated with the ch

anges in stored energy in inductors and capacitors,
There are no transients in pure resistive circui

L. It is because resistors are not stored cnergy.
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4.2 Differential equations for circuits containing inductors and capacitors

Inductor

When a wire of finite length twisted into a coil then it represents an inductor, Inductance is a property
which opposes any change of magnilude or direction of electric current passing through the
conductor. When a steady current (D.C) is allowed to flow ina inductor, it behaves like an inert
element (i.e. presence is not felt). However, when the current changes with respeet to time then
inductor shows its presence and opposes to the change in current. As a result a voltage is induced
; . g a di = :
across the inductor whose magnitude is givenby V, = LT and direction is opposite to the flow of
af
current (by Lenz's law). If current through the inductor is constant then change in current is zero (i.c.
di =0). So voltage across inductor in zero (i.e. V{=0). This means that an inductor behaves as a short
circuited coil in steady state. For a minute change in current within zero time (dt = 0) the voltage

across the inductor is infinite (i.e. ), = ). This means that an inductor behaves as open circuited
just after switching across d.c voltage.

Power absorbed by inductor is given by P=Vi=L- ;ﬂ -i=Li- il
¢

dt

Energy absorbed by inductor is given by I = fF - dt =_[ L:‘-% -dt = %LF

It may be noted that the inductor can store finite amount of energy, even the voltage across it
may be nil.

Capacitor

A capacitor is formed by any two conducting surfaces separated by a dielectric medium. Capacitance
of the capacitor is defined as the ability to storc energy in its electrostatic field. However, a capacitor
has a typical characteristics which does not allow any change in voltage across it. If a change in
voltage with respect to time is imposed acrass it then it allows a current through its dielectric mchdium
(ie. displacement current). The magnitude of this current is given by

v
e e T .
7y (n

Where C in the capacitance in farad and % is the rate of change of voltage in volt/sec.
i

(1) dv=cli-d.“

rir:rl?:i‘[r'-df
C-.

i
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From equation (2) V=V, + .é:q(;_} et

Power absorbed by capacitor is, P=Vi=V .-C—

Encrgy sorted by capacitor is, W' = J p-d j C e dr = —1~C
1] Qo

2

The capacitor, on application of d.c. voltage and with no initial charge first acts as short circuit
but as soon as the full charge it retains, the capacitor behaves as open circuit. It may be noted that the
capacitor can store finite amount of energy even the current across it may be nil.

4.2.1 Solution of Differential Equation

Differential equations are used in the treatment of lransient i.c. single energy transients (involved in
R-L and R-C circuits) and double -energy transients (involved in R-L-C circuit). We will consider
both first - order and second - order differential equations.

1. First order Equations :
(i) Let E’E +ay =0, Where a is a constant. The solution of this homogencous differential
Ix

equation is y = Ke™™, where K is the constant of integration whose value can be found from
the boundary cnndmuns.

. d
(ii) Let 'ﬁ +ay =, where Q is cither a function of independent variable or a constant.

The solution of this non homogeneous differential equation is
y=e‘-d.t IEHJ." .Q'dx+KE—ﬂl'

y = Particular integral + Complementary function

175
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The particular integral part (e"“je'“ -Q-u’.v) does not contain the arbitrary constant K and

complementary function part (.‘».'e'”) does not depend on function Q.

2. Second Order Equations :
d’y dv 5
Let 4—=4 B ==+ Cv=(, where A,B and C arc constants,
g]{}' i I.I’,l'
The solution of this homogenous differential equation is v = K, ¢ + K,

Where X', and K, are the constants and P, and P, are the roots of the characteristic equation.

The characleristic equationis AP+ BP+C =0

-B+B' ~-44C

The roots of this equation PP, = 24
~B++B*-44C -B-~B*-44C

24 24

The values of K and K, can be evaluated by using initial conditions for the original equations and
derivative of the original equations, which is time. To summerise the behaviour of the basic elements
at t = 0 and t = == discussed elaborately in the examples.

4.2.2 Initial and steady state conditions

Every circuit when excited from a energy source the behaviour of the circuit is characterised by a
differential equation, while solving the equation we get constants of integration. To evaluate these
equations it is necessary to know the behaviour of the circuit (of each element) at various instant,
particularly at initial (t=0) and final (t = =) the following table is given.

Table
SI.No.| Name of the element with symbol Att=1{ Att= oo
, R R R
1 Resistance AN —— —AMA—s —— AW
d i
- - . n . ——
2 Inductance oc sC
3 | Capaci ] = ———s —
apacitance S0 aa
Inductance | lo lo
4 with initial o ﬂ |—®—‘
current lo . e .
Capacitance C
5 with initial ~ — =) e H g e
voltage Vo v, V. v, O

7

T
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4.3, Transient response of 1st order circuit

The first order circuil contains resistance and one energy storing  element i.c. one inductor or
capacitor, This first order circuit, during its transicnt state of operation, is governed by first order
linear differential equation.

4.3.1 D.C steady state solutions of R-L Circuit

Consider a R-L circuit connected in serics with a battery of voltage V and a switch 5. The R-L
combination gets connceted to the battery when switch S is connected to terminal 1 and is short
circuited when switch S is connected to terminal 2.

Growth of current in RL circuit

When switch S moves to terminal 1, the battery is — ¢ 1-.‘-.,]?;-\., -'RLE"D
connected and current grows in R-L circuit. Due to
self induction an induced emf is set up across
inductance L. By lenz's law this induced emf =
opposcs the growth of current. The current rises T
gradually and it takes a definite time to reach its

stcady value (i.e. maximum value). This time is Fig. 4.1
called transient time,

Consider some instant t seconds afier the voltage is applied,

i = Current flowing through the circuit at instant t seconds.

di 15
F = ratc of growth of current at this instant.
!

F. = iR = Voltage across R

&

V, = .'I.-ﬂ = Voltage across L
dt

Applying KirchhofT's Voltage law (KVL),

V=Ri+ f,-Lh
el

Equation (1) is a non-homogencous differential equation.

Solution of this equation s,
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R R I3
; =gy W ==y ey
i=e b et Sdt4Ke F o @ Z+ay=0
L we know dy
=i=i, +i, El v Ic‘“.Q.dx+ Ke™
Where i, is the particular solution that provides the
steady state response and i; is the complementary =2
function that always goes o zero value in a short I=x
time (transient period). R
. , _ here i _
Solution of equation (2) is, F -
v jL.> 78
i=—+Ke L ... B (. I=Q

An inductance has a property called as “elecirical

inertia” which does not allow sudden change of current through it following the laws of
clectromagnetic induction.

So current flowing through inductor just before switching is cqual to current just after switching. But
before switching therc was no current through the inductor. Therefore, just after switching (i.e. at
time 1 =0") the current through the inductor will be zero.

At ¢ =07 (just after switching) i.e. with initial condition, equation (3) becomes

B g

0=E+Ke~'~ =—+K [
R R

~
f
_l.
T
L

A

Putting this valuec of K in equation (3) we get

v v -%

Sk~ Fig. 4.2

Where N
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Equation (4) is called Helmholiz equation for growth of current in R-L circuit. This equation clearly
shows the exponential rise of current i charging the inductor. The graph between i and tis shown in
fig 4.2.

If we put r—_-'t:% in equation (4) we get szﬂ(i—-f")-:ﬂ-ﬁﬂfn =063-2%o0flp .

Thus time constant is defined as the time during which current in an inductor rises to 63.2 percent of
its maximum value.

If we put r = eoin equation (4) then we get i= I“(I—e g ]= I,. Thus current in R-L circuit would

attain maximum value (Ip) only after infinite time. But practically current reaches its maximum value
after a time which 1s five times the time constant.

; ; di
Voltage drop across inductor is , V,=L- =

di
d _ d v
=V, =L--£};|:ID(I-—E %)]=L-E[,rn—fﬂe ]

W =l Eifoe ;{:—If.,e""r ] L L[u+lfue'4}

| dt T
=V, =L L%Iue'% =1/, Re™*
| /K
=V, =Vet (-where V = [,R)

Voltage drop across resistor 1s

V, = sﬁ=fu(|—e'% )n =p(; _et )

In transient period voltage across rcsistor exponentially rising and voltage across inductance
exponentially decaying. Once the transient dies out

within a short time then steady current (f i =%) I R L
remains in the circuit. s
Decay of current in R-L circuit : x';._:.. 2

When switch S suddenly moves to terminal 2 then
battery gets disconnected from the circuit and current
in R-L. circuit decays.

Fig. 4.3
179
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Let i = decaying current at any instant.
Applying Kirchhoff's law (KVL),

I
we know 4, W=

& ... 1. - He-lﬂ
Ri+ L- ﬂ = i
dt .
di R =
= — = s e 5 heret =
Equation (5) is a homogeneous differential cquation. E =a
Solution of this equation is
_E,
i=Ke ¥ ... s araventenb AL (6)
Where K is a constant whose value can be calculated from initial conditions.
I.F
With the initial conditions, att=0,i=/; =
. equation(6) becomes.
V ——uf)
—=Ke ¥ S
R
4
= K=—
& R
Putting this value of K in equation (6) we get.
"
j= Lot gt (7) t—

Fig. 4.4

wh-‘:rc-%: L and—k—=‘r=timc constant, 5 |
Helmholtz equation for decay ofcurrent in R-L circuit. The graph between i and

Equation (7) is called
t is shown in fig.4.4.
[fweputi=1T= %in equation (7) we get 1= [He" =0-371,=37%oflo.

Thus time constant is defined as the time during which current in an inductor falls to 37% of 11s

maximum value.

di
Voltage drop across inductor, Vs :L}E
I r
d T Vet =21, |- €77
=V, =L—IleT=1L f(-—-f" b |
L dr 0 ] 1 R

E-

180
e —

Downloaded from www.LectureNotes.in. Contributed by Dr. RAMAPRASAD PANDA


https://lecturenotes.in

TRANSIENT ANALYSIS

4.3.2 D.C Steady state solutions of R-C circuit

Consider a R-C cireuit connected in series with a battery of voltage V and a switch S. The R-C
combination gets connected to the battery when switch § is connceted to terminal 1 and is short
circuited when switch S is connected to terminal 2.

Charging of R.C. Circuit
When switch S moves to terminal 1 then battery is connected to the circuit, Initially capacitor  is

uncharged and voltage across it is zero. (i.e. Ve=0). The whole of supply voltage V appears across
resistance (i.e. Vg = V). As Vi is zero so capacitor behaves as a short circuit. According to Ohm's

law the initial current in the circuit is Iy = _FE

As current flows the capacitor starts charging and capacitor voltage V(. increases. As a result
voltage across resistance (Vy) decreases and charging current also decreases.

Cs o wp— e ey VIR T

When capacitor becomes fully charged (i.e. Ve = V) then Vi becomes zero and charging current also

becomes zero. As charging current is zero, the capacitor behaves as open circuit. This current takes
a definite time to reach its zero value. This time is

called transient time. C
g : | ~5 R

Consider some instant t seconds after the voltage — e A | 1|
is applied.
i = current flowing through the circuit at instant t Y==r4 2
seconds. ‘

Ve =Ri=Voltage drop across R. Fig. 4.5

1
Ve= Ej i~ dt = Voltage across C.
Applying Kirchhoff’s voltage law (KVL)
.1
Ri+—[i-di=V
| 5

Differentiating both sides w.r.t time *t’ we dy

get, we know E =i

L Ly=Ke ,

di C
8 Ty R e
ﬂ‘.‘ R‘C =W ot LT l: } I=Xx
1
—_— = T
RC ;
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2.3.1 Delta to star Conversion

Consider three resistors R, R, and R, connected in delta

to three terminals A.B, and C as shown in fig. 2.15.

It is desired to replace these three delta connecled resistors by
three resistors R R, and R_ connected in star. The expres-
sions of R, R, and R_ are given below,

R AR REI

! R.Iﬂ + RHC‘ +REI
R.‘TI"‘ R i
- : Fig 2.15
4 R.I.H + RH‘I’.‘ +RCH L
"
C

R, ¥Rk Rm

How to remember question ? There isan casy way to remember it. Referring to star connected resis-
tance R R ,,& R are electrically equivalent to delta connected resistance R ap R &R, We
B '

have seen above that : R | = 5 g
¥ + + 1
Al BT A

[ : Product of two adiacent arms of
i.c. Any arm of star connection = J i arms of E

Sumof armsof A

2.3.2 Star to delta conversion

Consider three resistors R (R, and R_ connected in star to
three terminals A,B and C as shown in fig. 2.16 7

It is desired to replace these three star connected resistors by : 3

ﬂ:mcc resistors R, R, & R_ Connected in delta. The CxXpres- é“a
sionsof R, R, & R, are given below. B! :

ol / 3

R.,=R, +R, ”

A
P

R.R.

R,. =R, +R, +

A

R. R

i A

R., =R.+R, +

i
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How to remember ? There is an easy way to remember it. Referving to fig 2.16 star connected resis-
tance R, R, and R_ are electrically equivalent to delta connected resistance R R, & R, .

A RE

We have seen above that : R ,, =R , + R+ i.e. Resistance between two terminals of delta =

c
sum of star resistance connected to those terminals + product of the same to resistance divided by
the third resistance,

Example 2.7 : A delta connection contains three equal resistance R. Find the resistance of the equiva-
lent star connection.

Solution :

Given, R ,, =R,. =R_, = R (in delta) ”
LetR, R, and R_ are resistance in star connection. "
= R Rey = R.R :E
* R, +R,.+R., R+Rt+R 3
R C i B

Similarly R, =R, =—
Example 2.8 : A star connection contains three equal resistance R. Find the resistance of the equiva-
lent delta connection.

Solution :
Given R, =R, =R, = R (in slar)
LetR ,, .R,. & R, are resistance

in delta connection.
R, R, RR

R,,=R,+R, = R+R+—=3R

% R
Similarly R, =R, =3R. -
Example 2.9 : Find the resistance between the ter-
minals a-b of the bridge circuit as shown in fig
2.17 by using delta- star transformation.
Given R, =4Q,R, =6Q, R, =14Q.R, =102 and
R=2m. jro

51
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Solution ;: We shall transform the ac
delta network between  terminals
AB.C tostar network In fig. 2.18 (a)

R.*R,

be

- R, R, _ 4Xx6 =
" R+R,+R 4+6+2

RR, 2x6
g = = =10
Ri+R,+R 4+6+2

_ R{R 1 e
“ R +R,+R 4+6+2

=0667£)

In fig 2.18 (b)
R,=R, +I.{Rﬂ +ROR, +R, }I
=R, =2+[(1+10)1I(0667 +14)] =8285Q
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2.4 Network Theorems

To solve electric network we use two basic laws viz, ohm's law and kirchholT's laws, occasions arise
when these laws applied to certain networks do not yield quick and easy solution. 10 overcome this
difficulty, network theorems have been developed which are very useful in analysing both simple :.mi
complex electrical circuits. In this chapter we shall discuss the following network theorems :

(i) Superposition theorem.
(ii) Thevenin's theorem
(iii)  Norton's theorem

(iv)  Maximum power transfer theorem.

2.4.1 Superposition theorem

This theorem finds use in solving a network where two or more sources are present and connected not
in series or in parallel.

The superposition theorem states that in a liner bilateral network containing N sources, each branch
current (or branch voltage) is the algebraic sum af N currents for branch voltages), cuch af which is
determined by considering one source at a time and removing all other sources. In remaoving the
sources, voltage sources are short-circuited (or replaced by resistance equal to their internal
resistance for non-ideal sources), while the ideal current sources are apen circuited.

These are the following steps for solving a network using superposition theorem.

Step - I : Take only one independent source of voltage/current and deactivate the other independent
voltage/current sources. (for voltage sources, remove the source and short circuil the respective circuit
terminals and for current sources. just delete the source keeping the respective circuit terminals open).
Obtain branch currents.

Step 2: Repeat the above step for each of the independent sourccs.

Step - 3 : To determine the net branch current, just add the currents obtained instep-1 and step-2 for
cach branch. If the currents obtained in step-1 and step-2 are in same direction, just add them. If the
currents are directed opposite in each step, subtract them.

2Q
_*u"!'.v
Example 2.10 : Determine the current
through 2€2 resistor in ¢ircuit shown in fig. 0 60
2.19 by superposition theorem. <
12v 6A 1 v
Solution : There are three sources in the -

given circuit, We shall determine the cur- Fig 2.19
rent due to cach source acting alone. ;

Step - 1: Only 12V source in the circuit, 20

The 6A current source is open circuited and the 8V voltage Q Hn
source is short circuited . The resulting circuit is shown in fig (")I -
+ JI2

2.20.
ocC SC
There is no current through the open circuit. Hence the current T
through the 362 resistor is zero.
-12

s I m—===154
o 6+2

Step -2 :Only 6A current source in the circuit. |

The 12V voltage source and 8V voltage source arc shorl cir-
cuited as shown in fig 2.21. The 6A current source is supplying
current 1o 202 and 6€2 resistors. By current division rule.

6
LmSngemd it . Fig22l
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Example 2.14 : In the circuit shown in fig 2.34 R, A
the source and node voltage arc

v, =V =110V, =103V and V, =~ 107V

Determine the voltage across cach of the five re- Vsn(i) @ ;R.

sistor.
<> @ gﬁ-

Solution : Assume a polarity for the voltages

across R. and R, (i.e. from ground to node A,
. 2 ( g v“CD 59 2R,

and from node B to ground) R, 15 connecled be- T8\ -
iween node A and ground. Therefore the voltage

across R, is equal this node voltage.

Fig 2.34
So V,, =V, =103V s

R, s connected between node B and ground. Therefore the voltage across R, is equal to the negative

of this voltage.
So ¥, ==V, =—(-107)= 107 volt.

Assume a polarity for the voltage across R, i.c. from node B to node A. Then apply KVL we get,

v,, =¥, = Vs =103-(-107) =210

Assume polarities for voltage across R,
B).

and R, (i.e. from node A to ground and from ground 1o node

Apply KVL, ¥, =Vea =¥y =0

o V,, = Vg =¥, =110-103 57F

ApplyKVL, Vs~ Ves V=0

= V.l.': ="'F51 'VJ = -] |n—[—|ﬂ'?} = =3V
Example : 2 15 ng node voltage analysis in the circuit of fig 2.35 find (he three indicated no i
<2 .
voltages. . -___Efm____-
BO= v, BV o
Solution : From figure 2.36 = - /, _‘::‘;‘. >
Iy KCL to node -1 | =E
" i d 2A 200£2 3250 21000
1+ﬂ—-l"’| 4 == L =0
200 5
==?'?V|*'4V1=|2ﬂﬂ .......... {I} 1 =~
Fig 235
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Example 2.25 Determine, Using superposition,
the voltage across R in the circuit shown in

Fig.2.51
I, =124, R,=1Q CD 1, "

V. =12V, R, =0.3Q Ve

Solution : Only current source in the circuit, sup-
press the voltage source by replacing it with a short circuit as shown in fig 2.52.

Let ¥,= Voltage across 'R’

ApplvKCL, J,-————~ ~L=0 i
ppiy 8 R, R, R CT)I“ v,

I, 12

= = =1.38F
E S 1 g
R, R, R 1 03 023 Fig 2.52

Only voltage source in the circuit, suppress the current sourcc by replacing it with an open circuit.

LetV, = Voltage across R. ] T
Apply KCL, —% —%-2—:=ﬂ I R, Ra RV,
= ¥, [EITEIZ %]:R’% Fig 2.53
Yo 12
= V= R*’; Tl 1“‘3 ] =4.61F R,

— ---—+.. —+_ .+.—__.-—

R, R, R 1 03 023 AW

o V=V, 4V, =1.38+4.61=5.99V C) ; IR,
: vﬂ

Example 2.26 Using superposition, determine
the voltage across R, in the circuit of fig2.54

Ve =Vp =12V, R, =R,=R;=1000Q

Fig 2.54

65

Downloaded from www.LectureNotes.in. Contributed by Dr. RAMAPRASAD PANDA


https://lecturenotes.in/advt/click/note/121831/2
https://lecturenotes.in

RESISTIVE NETWORK ANALYSIS

Far ﬂ:ﬂ'df— -1 . ANV
I+ﬂ‘—l"1 Vv, =¥, e v R, v.Y TV,
R, R_ l' - m——*——-di—@_i
A v |1_F
I V. =V
= 0.2 -—- +%={I
' o
=p I, =8F; =120 i (1)
Fornode-2: .
?.i,- ™
= Fig2.69

V.-V, 0=F, V,-V,
L2 Le—=—2—f =0 (.. I, =Current throughvoltage source)
R, R, R,

=2V, =11V, +3F, = 1507, =0 .. (2)

Fornode - 3 :

LT
L ! +1,=0

4

LY i1 0
B

= V, -V, +50/,=0 ....3)
For voltage source, V, +10=V, .....(4)
Solving these four equations we get,

V, =13.33 volt, ¥, =3. 33 Volt, ¥, =-6. 67

volt.

R,
Therefore ¥V, =¥V, =— 6.67 volt. ANV
(3) Replace the load with a short circuit as shown in fig 2.70 Y @
The current source | and resistance R, are con- R, R.

nected in parallel. Convert it into a voltage source
of voltage /R, connected in series with resistance R { +
R,. |

For mesh-1,

D PO

IR =i R =i R, =(i,=i; ;=0
§ Ty U Ty Ry Fig 2.70

7 1)
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Apply KVL to the loop as shown in fig 2.88
100=101 =151 =0

_ 100
10+15

V, =15 x4=060volts,

From fig 2.89

R, =(10115)+5=11Q

Thevenins equivalent circuit is shown in fig 2.90

Power = Maximum = P,

whenR=R, =110

foVa 60
R, +R 11+11

=27274

P_. =I"R=(2-727)(11)=81-81 watts

RESISTIVE NETWORK ANALYSIS

A
10£2

C;) 100V @ § 150 V.

b
Fig 2.88 b
A A <3
100 50
2150 R,
ob
Fig 2.89
da
A £
R,
R

z

o0

Fig 2.90

Example 2.37 Find the maximum power that the active network to the left of terminals "ab’ can
deliver to the adjustable resistor R as shown in fig 2.91.

Solution : Let us find Thevenin's equivalent circuit across "ab’

e

6002 600 300 R
90V
=}
Fig 2.91 b

77
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2.4.2. Thevenin's Theorem

Thevenin's theorem states that an v pair of terminals AB of a linear active network may be replaced by
an equivalent voltage source, in series with an e

quivalent resistance R,,, The value of V', (called
the thevenin voltage) is equal to p.d between the terminals AB shen they are open-circuited, and R ,,,
is the equivalent resistance lookin & into the network at AB with the in dependent active sources set 1o

era i.e. with all the independent voltage sources short-circuited and all the independent current
sources open-circuited.

These are the following steps for solving a network by thevenin's theorem.

Step-1 : Mark the pair of terminals AB of the network. Remove the load resistance R ¢ and find the
open circuit voltage ( ¥ 1) across the open circuited load terminals AB.

Step-2 : Deactive the constant sources (for vol- Equivalent source
age sources, remove il by intemmal resistance and

for current source delete the source by open cir-
cuit). Find the internal resistance R, of source

side looking through the open circuited load ter- .
minals Ab.

L (+ )y
Step-3 : Obtain Thevenin's cquivalent circuit by (‘) »

2

R,
placing R, in series with ¥/, . 5 E
Step -4 : Reconnect R,  across terminals AB %‘
leulate the current following through it, === -==-=-seeeen . ;
and calculate - & gh Thevenin's Equivalent network
V
< Current through R, is, /= —™
g Ry +R,
BASIC ELECTRICAL ENGINEERING
s
Step 3 : Only 8V source in the cireuit. 0
The 6A current souree is open-circuit and the 12V voltage |SC AR -
source is short-circuited as shown in fig 2.22 +
e GAY
. 0c
6+2 | =
Step 4 : Total current through 2 Q resistor is. Fig 2.22

I=1+1,+1,

=I==15+45-1=24
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Apply KCL to node -2

500
V.-V, 0-V V.-V
S & L4500+ —2=0 vy
75 25 50 v, 750 V.Y S )
V.-V, V V.—V.\ V.-V a3 50i i
i T I il Bl o WS g B t 4
75 25 [ 75 ] 50 0 :
=102V, = 11, 43V, =0.ceevrrrrrne 2) 2*“-(‘) $2000 3250 g'ﬂ”ﬂ
Apply KCL to node - 3
VoV, 0-H
+ =50i=0
50 T -~
= = 200¥, +206V, ~ TV, =0....ciusuueeus (3)

Solving these equations we get, ¥, =290-41volis, I/, =208-219 volis a

Example 2.16 : Using node voltage analysis in
the circuit of fig 2.37 find the currents /, and
I,.GivenR =30, R, =1Q and R =61}

Solution : In fig 2.38,
Apply KCL to node-1,

R,
=1, +V, =V, =0 W
=5 1o kg y, <y =D i i
RS B MCT) I 2R, L3R,
- 1, =¥,/3)
=4V, =3 V.23 Lotb.d 1]
! : (2 Fig 2.37

Apply to KCL to node -2

V, =V, —1,-2=0

[
= V, =V, ~—2-2=0
(i)
(1, =V, 16) V. B 0w
Al -

= OV, =7V, =12 (2)
Solving eqn(1) and (2) we get, V', == 15 volt Ji Jf
and ¥, =—3volt. IACD ' §R[ agal

ll"'l VE
Sol, =—3-=—ﬂ.5dand IE=?=—D.5A

v
Fig 2.38

60
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BASIC ELECTRICAL ENGINEERING

Solution : Only voltage source ', in the circuit, suppress the voltage sourcel”;, by replacing it witha
short circuit as shown in fig 2.55

R,
Rﬂ=R| Il R3=5UB.D.
Let I, = Voltage across R, R. g R,
Applying voltage division rule,
+ V..
Bl gy 1000 o -
TR 4R, 1000+500
. o Fig 2.55
Only voltage source ¥, in the circuit, suppress the R
voltage source V', , by replacing it with a short cir- AN

cuit as shown in fig 2.56 |
Req=R2 “ R3=500ﬂ

+ R. R.
Let ¥, = voltage across R, (‘) Va § ‘ % -

Applying voltage division rule l

R
V==V, ———==12x o Fig 2.56
R +R,, 1000 +500

~.voltage acrossR, is, V=V, +V, =— 4+ 8=4F, V,

Example2.27 The circuit shown in fig 2.57is : /1,
a simplified DC version of an AC three phase R, §
electrical distribution system. :

Vii =Vs2 =Vgy =170V
Rnl :RH‘: :Rnl =0.702 R,
R =1.9QR,=2.3Q, R,=110

find current through R, using superposition,

Solution : Only voltage source V., in the cir-

cuit, suppress Iy, and V', by replacing short
circuits as shown in fig 2 58

Ry =R, +R =260
R..=R,+R,=3Q
R, =R, +R,=117Q

el

R_,R
S R.=R. +—T—L_ 4990
4 g R +R

Fig 2.58 ¢

66
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= 0.2x200~200i, - 75i, - 25i, +25i, =0
= - 300i, +25i, =—40
For mesh -2 i, R, =10

= 50i,=10

10
11‘_=D. .4 .......... §
iy 50 2 {6)

Formesh-3, —(i, -i,)R, ~10=0
= =i, =i,)25=10
= 25§, -25i, =10

Solving equations 5,6, and 7 we gel,

[, =0.109 4, i,=0.24 and iy==0.2914

Therefore short- circuit current /,, =i, = 0.291 4

Example2.31 Find the Thevenin equivalent resistance seen by resistor R

s»as shown in figure 2.71

R| ={],50} ha nzﬁﬂ R4= 0.50Q
AW ——— AW A

(‘_’) 3V § R,= u.sn(l) 0.5A § R=0.25Q

-

= Fig2m

Selution : (i) Remove the load, leavin

g the load terminals open circuited, short the voltage source and
open the current source,

Ry =(0.511 0.5)+0.25+0.5=10

0.5 0.25 0.5
—WW———AMA— Ao
g 0.5 T
_ﬂ
Fig 2.72
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In fig 2.92 apply KCL to point 'a'

- = e
0 I+9E|' I’+ﬂ V

=0
60 60 30

= V =22.5volts,

In fig 2.93
1 SR U )

R, 60 60 30 15

=% RJ,_=I5D.

The Thevenin's equivalent circuit
is shown in fig 2.94

Powert = maximum = P

when R, =R =150

[ = Vo _ 22-5
R,+R 15+15

=0-754

P_ =I'R=8-44 watts.

78

i |

A

600 6002 %30&
Vi
90V i
N b
Fig 2.92
e |

§3{]§1 =1

ob
Fig 2.93
i
ANV o
R,
R
gl j’
|
Fig 2.94 b
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Example 2.11 : Use Thevenin's theorem to find current through 6C2 resistor in the circuit shown in fig

2.
+d 40 50
AW ’ A

Solution :

Step-1: In this casc load resistance R, =6£)

and load terminals AB is shown in fig 2.24. |,y (D &c WCD
Remove R, and apply KVL to the circuit

shown in fig 2.25
12-41-51-3=0

Fig 2.23
= I=14
Then V¥, = 12-4] =12-4x1= 8

4Q A S0 40 A 50
AW\ A AWV e Wi
zzv@) Z6n 3v<:> (ﬁ 12v 1) (t)sv
B B
Fig 2.24 Fig 2.25
Step-2 : To determine R, the voltage sources are 40 A 50
short circuited as shown in fig 2.26
The resistance seen at terminals AB is equal to the ISC
parallel combination of 4 and 5Q resistance. i
4x5 SC
SRy = =222 °
- +3 _
B

Fig 2.26
Step-3 : ; R,
The Thevenin's equivalent circuit is shown in fig 2.27. W 1A
Step-4 : ' .
Current flowing through 6Q is V. 60

I
j L . I
Ry +R, 22246 -
Fig 2.27 '
55
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Example 2.17 : Use mesh analysis determine the currents 7, and /, in the circuit shown in fig 2.39

Solution ﬁ

Almesh-a ;i =14

3 4 M . u o ]] > I;
Atmesh-b:3(i, —r“}+:hxl+ﬁ(1;.'1;]‘n' m(D @ 1%39@ lgﬁﬂ.:i:) C*)E‘ﬁ"

Atmesh-c:i =24

Solving we find that, /, =154

od, =i, —i,=—054 Fig 2.39
I,=i,—i =-054

Example 2.18 : Using node voltage analysis in the circuit of fig 2.40 find the current I through the
voltage source. R, =100, R, =5Q, R, =200Q, R, =50 Q,V =50V, I =0.24

AW
Seolution ; In fig 2.41, Apply KCL to node - 1, R.

A

V
o (1 +)
0-v, V,=¥, ¥, -V, A
o et 3 — =) e 5.
R, R, R, R,‘% ! %R,

¥ V-V =
P :I+} I

= —L4 ol T (n
200 5 100
Fig 2.40
Apply KCL to node - 2, Vljt.lh
Fl -"FI L

—i=I=0 V $——AA

Y
P » Y; @1"{_-4,1,-"_!
2 A R, = A
V.-V
——— r 20320 (2) 1
N
_

2R,

Apply KCL to node - 3,

jri_.-y?-_l_ﬂ_rj_'_' U F. 141
j= bFer
R, R, *
M=V, W,
——d- =0 e 3
100 50" )

For voltage source we have V', =V, =50 ... (4)
Solving these equations we get V, =— 45531, V, = —48.691, V, =131V and i=491md.
61
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V

51
R,

170

.. Current through R, is, /| === 100" 34.08 4 (AtoN)

Only voltage source ¥, in the circuit, suppress Vg, and Vg,

by replacing short circuits. as shown in fig 2.59

v, s
2. 6x1L7 Fig 2.59

1 T | Tl g Redihis e LT
«i=Reg2 1l Regs 2.6+11.7

¥
Therefore 1, =f =33.1574

L]

Applying current division rule,

I R-rﬁ
Current through Ry=1," =/, xR—= 27.124

eql +qu3

Only voltage source V,, in the circuil, suppress V', and V. by replacingshort circuits as shown in fig

2,60
R.,
Wih—
+—AAA,
Vq, l" R"
R,
- Ay
Fig 2.60
Req=ReqrtReq 1| Regr=11.7 + ;“M =13.092 4

+2.6

67
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Example 2.32 For the circuit shown in fig 2.73 ob-

RESISTIVE NETWORK ANALYSIS

.

tain Norton's equivalent circuit across ab. 80
Solution : (1) Tofind [ : ZWCD
The terminals a and b are short circuited. Current flow- 12V
ing through the short circuited ab is Norton's equiva- o g B
lent current [ . b
| I
Let us find / , using node voltage method
) Fig 2.73
Applying KCL to node -1, v
20-¥ 12-V 0=V ®
+ + =)
= 160 — 8V +60 — 5 —20V =0 EUVCD
= 220 =33V 12V
220 g Iy
V="ro=6.67V 50 a
= 13 sely
—-12+6.67 N
Therefore 1 =~+T=—ﬂ.ﬁﬁ'm =0.667 A (di- Fle 274
rection of current from b to a).
(i) TofindR, :
R, =8+(5112)=9.430
Norton's equivalent circuit can be drawn as shown in fig 2.75
* 3
0% 80 20
a Iy gﬂ.”
b
1 | Fig27s -
6l
o
e o
Example 2.33 Obtain the Norton equivalent circuit for the
ircuit shown in fig 2.76. >
“ e 403 : ﬂ§ l]
20V
(o) ob
~ Fig 2.76
I
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Example 2.12 : Find Thevenin's equivalent for '#1
the circuit shown in fig 2.28 ——

Solution :

+ [
Step-1 : First the current source 41 in parallel with Lo ') <I A -
542 resistor is converted into a voltage source,
41 % 5=201, in series with 5£2 resistor as shown
in fig 2.29 =
Fig 2.28

40
12-4I-571-201=0 A T A

1=0414 A

50
=12=4f=17 - +

AT SR A, ey 121*(_)

201

Applying KVL,

} Fig 2.29
Step-2 : As a dependent current source is pres-

ent in the circuit shown in fig. 2.24, R, Can AN
not be found by short-circuiting the voltage I ]
source. For this, the terminals A and B are

short-circuited as shown in fig 2.30 li\f(f) 4I<T> é 50 -
34

Apply KCL tg —
‘f-ﬂ-pgj- yhy a Qe i U'I S '- 9
node A, we get, [+4/=1_ T = 2 a

Iy = = ] =51 =5 F3=1[54A : Fig 2.30 B
vV, 10344 10344 _
8 L A ;Q-éﬁ"iéa

! 5] SxD44 st
i 1 .E- .-...__.-d'"

2.4.3 Norton's Theorem

Norton's theorem states that any pair of terminals AB of a network with linear passive and active
elements may be replaced by an equivalent current sonrce 1, in parallel with an equivalent
resistance R . The value of 1, (called Norton current) is equal to the current that wonld Slow from A
to B when the terminals A and B are short-circnited and R, is the equivalent resistance looking into
the network at AB with the independent active sources set to Zero i.e. with all the voltage sources
shorted and all the current sources apen-circwited leaving behind their internal resistance,

These are the following steps for solving a network by Norton's theorem.

Step-1 : Mark the pair of terminals AB of the network. Remove the load resistance R, across the ter-
minals AB and find the internal resistance (R, ) of the source network by deactivating the constant
sources ( for voltage sources, remove it by internal resistance and for current source delete the source
by open circuit).

- 56
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Example 2.19 : Using node voltage analysis in the circuit of fig 2.42 find the current I drawn from the

independent voltage source.
1

1
V=3V, R, ==Q, R,=-Q,

1 2 2 2
R, Lln R,== n R, én,hujﬁ:
Solution : In fig 2.43,

Apply KCL to node -1
. o +U—I—’, +P'I =] 5
0.5 0.5 025 7 M)

Apply KCL to node -2

Solving these two equations we get,
V=125V and ¥V, =0.75F
3-¥, 3-1.125

Sol= = =3.754.
R, 05 A

Example 2.20 Calculate the branch currents of the circuit shown in fig 2.44 by nodal

In fig 2.45, Apply KCL to the node-1,

Solution :

voltage method.

502 20
20 FE+D—FI+E—F, o Y ANAA
5 10 2
= Eﬂ'—SIﬂ =0
= ¥V, =10/ 20V (:) ? 100 <+> v
" Current through 2
= =
5!.'!=m i,=2D I[.‘!=
3 3
Current through Fig 2.44
2n=3_2i=_‘.'_“__[ 5Q v, 20

Negative sign indicates that current
through 2 £2 flows away from the node -

-, 20V (:

Current through 10 Q = T:- 1A

Here also current through 10 QMows
away from node -1.

62

L

102 C 5

Fig 2.45
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f 170
Therefore [, =22 = _—12.90
"R T13.002 R

g
Applying current division rule.

Current through R, is,

=6.956 4

M R 3 3
L R - S (10
R +R % 2.6+3

egl g2 #

Total current through R, =1,' +1," +7,'"" =68.156 A

Example: 2.28 : Using superposition theorem, find the current through the voltage source’V', shown
is fig 2.61

I CD R 2R, 3R,

Fig 2.61

Given, I = 0.2R, =200, R, =750, R, =250, R,=50Q, R,=1000, V=10 volts.

Solution : Only current source (1) in the eir-

F[uitﬂsippl:css :fnitagc sn;nlurcc "W ?y replilci;i]g} e AN

it short circuil. convert current source = 1

parallel with R,, into voltage sourc con- R',. .’Em. & _:f,f: O

nected in series with R, as shown in fig 2.62 4

Applying KCL to mesh (a), i, =0 e I @ Zjné @ 2 1636
Mesh (b) 40-2004, 75, —25(i, ~i_)=0 1

= 40-300i, +25i_=0 ........ (1)

Mesh (c)) =100i_ -25(i, i, )=0. Fig 2.62

= oSt wsd)

Solving equations (1) and (2) we get,
i, =0-135594 and i =27x107 4

ij=i,=27%10"4

68
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Solution : (1) Tofind/, :

The terminals a and b are short circuited. The current flowing through short circuited ab is called

Norton current (7 . ).
-+ H e TR |
; \
) &

3
L 240 L =403
b *@ b 4@_" b

20V ) 20V
Fig 2.77

As the terminals a and b are short circuited, current throu gh 60 resistance is zero i.e. [ =0,

Therefore value of controlled source is zero.

Norton current [ ,, =£[2 =54 6I,

3 @ I ]
(i)  TofindowtR, : 1,
To find norton resistance R ., First calculate the open circuit g 40 i Y

voltage across the terminals a and b,

Apply KVL, 20-41, + 61, —61 =0

+ — ‘ kR
20 Ozw b

= I =—=54
4
_— Fig 2.78
Open circuit voltage V. =617, =6x5=30V,
Norton resistance R, —%—— - =602
e

Example 2.34 Under no load condition a d.c generator has a terminal v oltage of 120 V, when deliver
its rated current of 40 ampere the terminal v oltage drops to 112 Volts, ‘

Find the Norton's equivalent circuit,

Solution : Under no load condition (i.c. open circuit) the terminal voltage is 120 volts,

Let R, is the resistance of the armature.

Under load condition the terminal voltage is 112 Volts and load current (1540 A

e e ———
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. Equivalent § : Net
Step-2 :Next, Short the terminals AB and find _..........- il ol s he :vurk

the short-circuit current flowing through the |
short terminals AB. Let this current be / .

A
41
1,
¥

L §RH é §m

Step-3 : Obtain Norton's equivalent circuit by
playing R , in parallel with [, as shown in fig .
2.31 :

Step-4 :Reconnect R | across terminals AB and
calculate the current flowing through it.

________________________________

Fig 2.31

I"l

By Current division rule, [, =17, = wl
N L

2.4.4 Maximum Power Transfer Theorem

This theorem deals with transfer of maximum power from a source to load.

Statement : It states that in de eircuits maximum power is transferred from a source to load when
the load resistance is made equal to the internal resistance of the source as viewed from the load
terminals with load removed and all e.m.fsources replaced by their internal resistances.

Proof : Let us consider a simple resistivic network in which a load resistance (R, ) is connected
across terminals A and B of the network as shown in fig 2.32 (a).

; i l

: ‘%M- I . A

i ;A

A : :
Circuit R, i F_;_'v R,

I :.
i A B

® MG ade | fmesercoTadiis T ()

The circuit enclosed in the box can be replaced by Thevenin's equivalent circuit consisting of
Thevenin Voltage (V,, = I*’) in serics with Thevenin resistance (R, = R])as shown in fig 2.32 (b).

Clearly R, is the resistance mcasured between terminals AB with R, removed and emf sources re-
placed by their internal resistances. According to this theorem maximum power will be transfer from
source to load when R, = R,.To proof this theorem let us assume that current [ flows through R, as
shown in fig 2.32 (b).

- V
- R+ R,

"
Power across the load {PL) =I-R= [R ~IH'E ] R,
i L

a7
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i Vv, 1052
Example 2.21 Solvc the circuit as shown AN~
in fig 2.46 by node voltage method.
. i 50 20
Solution : The circuit has two principal
nodes numbered 1 and 2 and the third cho- Iﬂg 40 § -
sen as reference node as shown in fig 2.47, 25V + ) S0V
Apply KCL to node-1,
0-¥, 25-¥, ¥,-V, Fig 246
+ + =0 e (1
2 5 10 V, 100 V,
e AN i
Apply KCL to node-2 i
V.=V, 0-F, =50-VF, 9
LRy ™ g ) Ll 20
10 4 10
< 40

Solving these two equations we gel, 215V 50V
V,=261F and V,=-29.1F
Current through =

L o Fig 2.47
?.El=u Pie 2"'5'|=-I.3|A

2 2
Negative sign indicates that current through 2 £ flows away from node-,
Current through 10 Q =~ 1_{: 223174

V,+50

Current through 2 Q2 =———=10.454
Example 2.22 : Calculate /, in fig 2.48 by mesh current method.
Solution : Applying KVL to mesh-1,

60=T1 +10(f,—-1,)

= 197, -121,=60....... (1)
Applying KVL to mesh -2,

0=12(1, -1 )+6(1,=1,) 7Q

AN

= =121 +181, -6/, =0.4(2)
Applying KVL to mesh - 3,

Ombd =t 15 ﬁw(D g %« i

= ~1, )+l =
it} OREC RN
= —61,+18/,=0.....cc0c.. (3)
'ing th three equations we get
?Dtt!;:!g T 4 Fig 2.48
, =064,
63
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Only voltage source (v) in the circuil, suppress
current source (I) by replacing it open circuit as
shown in fig 2.63

Applying KCl,

mesh (a) : 10-50/, =0 = |, Iﬁi.‘i
mesh  (b) 2004, —75i, —25(i, —i,)=0
= =300i, +25i.=0 —(3)

mesh  (¢) —100i —25(i, —i,)~10=0
= —125i_ +25i, ~10=0—(4)

Solving equations (3) and (4) we get,
i,=—6.8x10" Aandi =-81.6x10 24

therefore i, =i_ —i_ =—281x 107 4

Using superposition thcorem, i =i, +i, =—254x10™

Example 2.29 : Using superposition theorem
find the current 1 drawn from the independent
voltage source as shown in fig 2.64

V=3V, R =050, R,=050, R, =0.25Q, R =050 R, =0.25Q,

RESISTIVE NETWORK ANALYSIS

s00
)
i
" AT
(9]
AT (oA

§ 2002 \is)

Fig 2.63
A. R, R, R,
AW ANV AW

Fig 2.64
I=0.54

Selution : Only current source ( 1) in the circuit, suppress voltage source (v) by replacing it short cir-

cuit as shown in fig 2.65

At node -1 : 5 67
0-¥, 0-W WV _
0.5 05 025

050

0.2502 V. 0.50
et — AN

0.5Q Q) 0.5A g 0.250Q
= =2 +¥F; =0........ (1
At node -2 :
W=t +.ﬂ__.._n.‘[;= ~0.5=0 Fig 2.65
0.25 0.75
= AV, ~5333V, =05 .......(2)

69
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i - 0 —p—
SrTTe . 1=40A
R, ™ 4R,
5 '- :' : R, % V=
L1o0v] Vi2ov]| 2 v=inzy
) - o h g 1= o —i-
{under no load) (under load)
Fig 2.79
i
120-112
R, e =020 0.20 g
I
(i) To find Norton's current [ , : )
To find I, short the two terminals aand b . 120V"—
120 : .
Sod p ==——=06004 flows fromatob. Fig 2.80
0.2 il
(1) Totind R, : 0.20 g e [
To find Norton's resistance R, open circuited the two terminals a
and b and short circuited the voltage source.
Fig 2.81 ok
SR, =0.20
R
(iii) Norton's equivalent circuit can be drawn as shown below. I
Asl, flowsatob,so its direction be upward, v (T g 0.202
Fig 2.82 o b

Example 2.35 Find current | shown in fig 2.83 by Norton's theorem.

Solution : (1) To find Norton's current [, :

To find /,, short the two terminals a and b. g 270 470 27603
Let V be the Voltage at node -1 .

00V
From the figure , V=460 Voll. 20
flowing through +) b
Current flowing throug 460V —/
Fig 2.83
73
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{'{FL FIx ‘_r! (Rr{'ﬂf_):_lnﬁ (R|+RJ‘.)
dR, (R,+R,)’
El
For maximum P, | L =0
- dR,
e A (R,+R,) -2R, ER,+R;_) Lo
(R+R,)
= R, +R, =2R,
= R, = R,
Thus for maximum power transfer, R, = R,
The maximum power = (P,) =1°R,
I'.r z rl
- e — _Rf = ‘
R +R, ) ' 4g,
The power delivered by the sourceis (17 [) = I 2 =V : A
R +R, R, +R, R,
. : ; : " Vif4R, 1 '
So the efficiency under maximum power transfer condition = | 1}5._ = = (or 50%)
el 2

Note :  Under the conditions of maximum power transfer, the efficiency is only 50%as one-half of the
total power generated is dissipated in the internal resistanc

Example 2.13 : In the circuit shown in fig 2.33

e (R, ) of the source,

the mesh currents are

I, =54, 1, =34, I, =74 Determine the i
branch currents througha . R, b R, ¢.It, "U“L+)

Salution :

a) Assume a direction of the current through £,
i.c. from node A to node B. Applying KCL 1o
node A, wepet! -1, -1,=0

"D
= 1y =1,-1,=5-7=-24

I 3

b) Assume a direction for the current through R,
i.e. from node B to node A. Applying KCL to
node Bweget -/, —-1,+1,=0

= 1, =1, —1,=7-3=44

¢) Only one mesh current flows through R . If the current flows through R, is assured to flow in the

same direction then, f,, =/, =74

a8

- AAMA A
O
I ON
e B3 -
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Example 2,23 : Find current [ in the circuit shown in fig2.49 (a) 1002
Solution : In figure 2.49 (b) V rel
Apply KCL to node -1,
v Y A
242 5" +E'”;'" =0
2A ° 0 4A
= W -,=2....... (1) 7
Apply KCL to node -2, Fig 1.4; (a)
Vo=V, 0=V
=, S R Sl i 35
. 5 0 1062

= 2, =TV, =60 . (2)

Solve equations (1) and (2) we get,
Fi=L18F and WV, =— B.235F

Vi 118
s =—=——=0.1184
Y10 10
_ Fig 2.49 (b)
Example 2.24 : Find the voltageV’, in the network shown in fig 2.50
| A
- +
1062
|+.
W) D fo @ (@
S5V
Wi x
50 b
Fig 2.50

Solution : The two closed loops are independent and no current can pass through the connecting

branch.
30
I =24, I, =——=
1 A 3A
ll‘:ﬂ- ZFUI +Fl:|' +F}h =_!1{5} -5 +‘f: {4}=_' 31;
64
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Solving equations (1) and (2) we get,

Vi==0074 and V', == 0,15 volL.

- i
Therefore , W =9-(-0074)

0.5 0.5 =(.148 4.
Only voltage source (¥} in the circuit and sup- 0.5Q v, 0250 050
press current source by replacing it open circuit i ._I -
as shown in fig 2.66 i
At node -1 : 0.50 g 0.250
3~V 0=V o0-¥F
—_—— =
05 05 1 0
=
= V,=1.2V =
T Fig 2.66
Therefore, i, =—L="""%_3
05 05 R4
Using Principle of superposition, i=i,+i,=3748 4 R

R, v
Example 2.30 : Find the Thevenin equivalent Vel @

resistance scen by resistor R, the Thevenin

(open - circuit) voltage and the WNorton
(short-circuit) current when R, is the load in fig 1 §R. glij R
2.67 7 ’

-
"~ Fig2.67

['=0.24, R, =200Q, R,=75Q, R,=25Q, R,=500Q, R, =1000, V' =10

Solution : (1) Remove the load resistance R, short cireuit the voltage source and open circuit the
current source as shown in fig 2.68

Thevenin equivalent F—T_ _1
resistance R, =(R, +R,) lIR, )

o Ry =(200+75) 11 25 =275 || 25=22.9160 - R, —R,
(2) Remove the load resistance R, .

Apply KCL 1o three nodes as shown in fig 2.69 Fig 2.68 —
70
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27Qis 1, = :;“ 3000 17034 Hie]

- H |
27 I, g
Current flowing 47 Q is 270 g 470
V=200 460-200
l.= = =
Therefore 1, =I, +1,=17.03+5.53=22.56 4, b

-~ udﬁw
Fig 2.84

v
o

flowing from b to a.

(if) To find Norton's resistance R ,, :

To find R, , short the voltage sources and open the

two terminals a and b,
zmg édm
R, =271147=17.1Q

Fig 2.85
(i) Tofindl:

The Norton's equivalent circuit shown in

figure 2.86
o 1= 22.55AQ> § 17.10 270

II—I

As I, flows from b ot a, so its direction is
down ward as shown in figure.

_ e Fig 2.86
Applying current division rule,
17
==2256 x ———=-8.77 A4
*17+27
Here Norton current [, is considered as negative (i.e -22.56 A) because this current is divided into
two resistors 17,102 and 2702 & current through 27 O resistance flows a to b.

Example 2.36 Find the valuc of the adjustable resistance R which results in maximum power transfer

across the terminals 'ab’ of the circuit shown in fig 2.87. a
WW——0
1062 502

Solution : Let us find Thevenin's equivalent circuit R

across ‘ab', Cf) 100V §15D /§’ 4

7

Fig 2.87
b6
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(1 Find the resistance R ,, using star- Delta transformation, (1st semester 2004)

260 260 220

Be
Solution :-
6Q
AW
A A
. AN - i M o
10.6682 6 I 10.66= 3.839(2 %
- 16$2 g iy
£ G =} 1]
60 2 138 611 16=4.3630 §§
B B <
i ”:?33;*']':;} =2.4560
4.363+3.839+1. - 5 s
(2)  Use (a) Thevenin's theorem and (b) VW AW AN
the Principle of Superposition to [ind the A *
Current in a 2 ohm resistor conneeted be- 5y, =— éliﬂ 3351 — 4V
tween A and B in the circuit shown in fig. T 2 =
(2nd semester 2004)
79
T R T
; It-rl'.._.e‘:-_".-'i'f'ﬁ.-\. A s 5 et My Sl Bty -,
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RESISTIVE NETWORK ANALYSIS

(7) Apply Thevenin's theorem to find current

though 2ohm resistance as shown in figure. § 40 g 6€2
At

vV —
202
% 0 % 40
the open circuit voltage across its terminals »

is found out in the network as shown below. I 40 -
0
Total resistance of the circuit = xld s 502 o == W
10+ 10
" 60 40
A

Current from 6V battery is, | = o 124

(1st semester 2005)

Solution :- Removing 2Q) resistance,

According to current division rule,

10
10+ 10

Alsol,=1-1,=12-06=064
Applying KVL, —41, =V, +61, =0

= V. =—4x06+6x06=12V %4{1

1, =I( )=0.6A4

Deactivating the voltage source, thevenin's equivalent re- 662
sistance (R, ) can be obtained as shown below. Ly o e
R}l +4)=50 Il ’1' 4 60 4£2

=E "1' 'f_ 2- 1 g
Current through 20 resistance =~ Y

1S,
V.. 1.2 2 o i
J,=—05 — == (17144 s
Rn +ft",_ 5+2 b 4

(8) There numbers of 6ohm resistors are connected in Delta. What is its star equivalent 7 \/

__P,j—m_t

(2nd Semester 2005) s
A (e

R.. L g

C ﬁﬁR':.ﬁ, B f’_f,/{‘rﬂ/f \%\x

85

St S S L
I AT ’ o) e

e
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Apply KCL to node - 3,

-
Ve =¥y OV BW o = sl 1%, =0 3
30 40 20 '

Solving there equations we get,
¥, =10.97 volts, ¥, =6.74 volts and V', = 7.136 volts.

¥V, 7.136
h40Qis /' =—2=——=0.17844
Current through is 20" 40

Direction of /' is from A to B.
(ii) Keep 20V voltage source and short the other voltage source.

Apply KCL to node-1,
o=V, V.=V, V,+20-F,
10 * 20 4 20
= 4F, =1, -V, =20 ....(4)
Apply KCL to node-2,
V,-V, 0=V, ¥V,-V
> n
=W, -7V, +20,=0 enases A
Apply KCL to node-3,
¥y =20-VF, +F: -F, +E'I'-P', _
20 30 40
=6, +4F, —1W,; =120 - wi.5a0.(6)
Solving equations, (4), (3) and (6) we get,
V,=2.55volts, ¥,=-1321voltsand V,=-8.4581 volts.

=0

(9]

v
Current through 40€) is /" :?13—[! =-0.21145 A

Direction of current /"' is fromBto A (asV, is lower potential compared to potential of reference
node).

According to principle of superposition current through 400 is,

=1 =" ( I'and "' are opposite in direction)
=0.178-0.21145
=-0.03345 A

Negative sign indicates that direction of 1 is along the direction of "' i.c. from B to A.
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Solution :~(a) Thevenin's theorem :

Here the load resistance is R, =2 Remove
the load resistance and make AB open,

Applying KCL to the node,

2-V 0=V 4-
+ +
2 12 4

= =24 volis.

4- F"=4 2.4 _0.4.4

.'...rl T 7

Thevenin's voltage V,, =V, =4 - 3% 0.4=2.8 vols,

When we calculate R, then short the two voltage sources

20 19 30
as shown, —e——AMA, AN AMA—o—
»=[(2 I 12)+1] 1 3=1.4260 |
3120
According to Thevenin's theorem, current through load
resistance 2 Q is
¥a 2.8

= =0.8187 4.
R, +R, 1415 2

(b) Superposition theorem :

(1) First Keep the Voltage source 2V and short the
other voltage source.

Total resistance of the circuit is

R=[{3 112)+1} 1 12] +2=3.86

Total current flows through the circuit is

I=E={L5]B.4
R

According to current division rule,

I,=0.5 13[ 2 J:u,-;s?? A.

12+2.2

< Current through 2 Q resistance is, I, =1 ! [5-3_'—2] =0.2626 A
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Rs-Rey __6x6

Solution: R, = = =
Rig +Rye +R., 64646

Ry =R. =20

(9) Does the equation Y = mx+c follow the principle of superposition when x and y are input and out-
put voltage and m & ¢ are constants 9 (2nd semester 2005)

Solution :- The equation Y = MX +C does not follow the principle of superposition, as it contains an
intercept 'C' and does not obey additive property.

(10) Determine the current in the 5Q resistance by application of Thevenin's theorem.

(2nd semester 2005)
20 102

W\ M-

-

W= g 50

- 10V

=

Selution : Removing 502 resistance, the open circuit voltage

"oc ) ACTOSS its terminals is found out in
the network show below.

Voe =V5, =10 voli

20 10
S 20 10

10vV—=—" Va — 10V
" ‘
Deactivating the voltage source, Thevenin's equivalent resist
low.

ance (R, ) can be obtained as shown be-

R, =211 =§. = 06670

Current through 5 resistance is

V. 102
e il e =1.76 A
5 R, +R, 0.667 +3

. R, e s e
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(1) Then keep the voltage source 4 V and short %ﬁ, q.,iﬂ, _.,]: %fi_‘_l'
the other voltage source. I
A |av
3120 0 =
Total resistance of the circuit is | B

R' =[{(2IN2)+1112}] +3 = 4.15140

Total current flows through the circuit, /'= 8 = 0.9636

4.151
According to current division rule,
2.714
I, =1 (———)=0.5543 A
A YITFOL

After knowing 7, and /, then total current flows through 2Q resistance =/, + 1! =0.2626 + 0.5543
=0.817 A.

(3) Use the mesh or node analysis to find ﬁ _a.iﬁ.r 4;1,',&_
currents in the different branches of the cir-

cuit shown. . .
(Supplementary Exam July - 2004). 12V - oV
Solution : Let V| and I, are the voltages of

two nodes as shown in figure.
Applying KCL to node - 1, we get
12-v, ,0-FV i v, =V,

+ =0
2 1 3
= 36-3, -6V, + 2V, =20, =0
12V—= =6V
= =1 +2,=36  adl)

Again applying KCL to node - 2,we get
¥, ;Fz +G;l{., +ﬁ—41='1 _
= 20V, — 47V, +90=0
=20V, =47V, =-90  ....(2)

Solving equations (1) and (2) we get V,= 3.924 volt and V,= 3.584 volt.

12—V, 12-3924
2

0

Current through 202 resistance = =4.0384
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(11) Three resistance of 30 ohms each are connected in delta. Find out the star equivalent of this com-
bination . (1st semester 2006) A

Solution -

3062

3002

3082
C Wiy B

R, .R., (30)(30) (00

R = = i_.|
R, +Ry +R., 30+30+30

A

Similarly R, =R, =10Q

(12) Use superposition principle to find
out the current in 15 ohm resistor.

1002

502

30

AMNA—

—AW

(1st semester 2006)

1OV = é 1562 é]?ﬂ —L 15y

Solution: (1) First keep the voltage source 10V and short the other voltage source.
1002 L

Total resistance of the circuit is 502

R = [{(12 Il 3)}+5} Il 15]+10 =14.955 ohm

Total current flows from voltage source,
i 10
14.955

10V

=0.668 A

7.4
15+7.9

=0.22 A

According to current division rule, /,= 0.668 x

(ii) Then keep the voltage 15V and short the other voltage source.

Total resistance of the circuitis R* =[{{10 Il 15)+5} Il 12]+3 =8.739 ohm

15
Total current flows from voltage source, /' =——=1714
8.739
87
e "F:': ] :.,r'F = i~ o ¥ S e T e
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Current through 192 resistance = G—?i ==3924 4
: h=V

Current through 3Q resistance = ——2 =0.1133 4
: 0=V,

Current through 502 resistance = = = -0.7168 4

Current through 40 resistance= E;—F’ =0.6044

::\E currents through 1) and 5 are negative, so actually their directions are opposite to the assump-
ions.

(4) Determine the resistance between the points X and Y for the network given below :

(Supplementary Exam 2004)

X

Solution :- The resistance between points X and
Y can be obtained by star - delta conversion.

A
12

The resistance X and Y = (0.87+0.87) Il (0.87) = 0.58 O

Downloaded from www.LectureNotes.in. Contributed by Dr. RAMAPRASAD PANDA



https://lecturenotes.in

BASIC ELECTRICAL ENGINEERING

1002 50 L 3 I
ANN— MWA— AW —=—
1 %
ek 150 120 _1 sy
According to current division rule, /| =1.71 x 1|2 I—ﬂ.395 A
2+

Again, r’—r( T 5395[—} 0.358 4

Total current flows through 15Q resistance is =/, + /= 0.22 +0.358 =0.57 A

25V 200
(13) Using Thevenin's theorem, find the current ||= ;ﬁ;’;
flowing in the 40 ohm resistor as shown in figure. 20€2
(1st semester 2008) Ll
100 100 % 400

Selution : Remove 400} resistance, the open circuit voltage (Vg ) across its terminals is found out in
the network shown.

Equivalent resistance across 25voll is

R.,=[20 Il (10+30)]+30+20 =63,330

Current flows from voltage source is

i =E§.§3_3=&394?A
According to current division rule, /, =!,{—L]= 0.1314
10 + 30420
Voo ==301, =30/, = -30(0.131)-30(0.3947)
=-15.771 volt

=15.771 V (with B positive)

~ Thevenin's voltage =¥, =F,. = 15.771 volt (with B positive)

Deactivating the vollage source,m Thevenin's equivalent resistance (R, ) can be obtained
below.

as shown
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(5) Find the current through the galvanometer of 4002 resistance by applying Thevenis's theorem.
Hence find the value of Norton's current source. (Supplementary Exam 2004)

B
1002 300
< @ )F
2002 150
D
I'L 2V

Solution : Removing 400 resistance, the open circuit voltage (. ) across its terminal is found out in
the network shown below.

B

= 0.05A

C t through 10€2 resist =
urrent throug resistance 10430

Voltage across 10Q resistance isV, =0.05x 10= 0.5V

. ——
Current through 2062 resistance is = I =0.0574

Voltage across 2002 resistance is ¥, = 0.057 x 20 = 114V
Voo =V, =¥, = 1.14 - 0.5 = 0.642 volts.

Voo =Vp =V gy =0.642 volts.

Deactivating the voltage source, thevenin's equivalent resis-
tance (R, ) can be obtained as shown below.

Ry, =(10//30) + (20 11 15) = 16.0710Q

2. Current through 400 resistance is,

Vi 0642

= =0,0114 4
R, +R, 16071 +40

=

The Thevenin's equivalent circuit can be drawn as shown
below,

Converting the voltage source V,, in series with R, the
Norton's equivalent circuit can be drawn below. (Using source conversion technigques)

83
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2062
v - e

700
AN

2002 3002

A
> oA '”ﬂ§ =
mn% 30802 00 105

Ik _ B

o Ry =[(2011 70)£(10 11 703] 11 10°= 19.73Q

¢ t through 400 resist is, [, = G . J357
urrent through resistance 1s, "“Rm+ﬁ.‘,. =19.73 240

=().264 A
(14)(a)Applying nodal analysis to the circuit given below, calculate the voltages at all possible nodes.

(b) Applying super position principle to the above circuit, calculate the current through 202 resistor.

(1st semester 2009)
30 20 50
AW\ W AN

i B 3ﬂ§ 03 ()24

5V ~[
Solution (a) Applying KCL node-1,
5=V 0-W ViV, _
3 3 2
=7V, -¥,.=10 ..(1)

0

Applying KCL 1o node
0-V,

- IF L
T B =0
' ! 5

= F=17,=-20 ... (2)

Solving eqn (1) and (2) we get
¥, =2.211 volts and I/, = 1.8269 volts.
(b) (i) First keep the voltage source and open the current source.

Total resistance of the circuit is, R=[{(5 Il 1)+2} Il 3]+3 =4.4570

89

e R | A . M 1] et T o W B ——

Downloaded from www.LectureNotes.in. Contributed by Dr. RAMAPRASAD PANDA



https://lecturenotes.in

Jimindfire

BURN IGNORANCE

Mindfire is a software service provider,
with unrelenting focus on optimal software development
and delivery.

www.mindfiresolutions.com



https://lecturenotes.in/advt/click/note/121831/3

Techie Work | Talented Colleagues | Cool Workspace Zimfndﬁre

FUAN FTGNORNANCT

High Salary | Helpful Leadership

BASIC ELECTRICAL ENGINEERING
R,
A B B
1'*".11"__,_; gﬂg IHG) g R, R,
D D
V. 0.642
Where [, =—2 = = {},
» R, 16071 0.0399 A
R, =R, =16.071Q2
(6) Use superposition theorem to find the cur- lES' f’ D. ﬂ. 4
rent through 20o0hm resistance as shown below,
(1st semester 2005)
120V 3200 — 65V
300
Solution :- (i) First keep 120V voltage source MW
and short the other voltage source.
1002 6002
Total resistance of the circuit R = (601120)+10+30= 55} "1" M I B YW
1
Current flows battery is, [ = % =1—:§q =2.18 A
120V —=— 2002

According to current division rule,
=1 =1.635 A AMAA

! {Eﬂ + 2{})_
(if) Then keep 65V voltage source and short the other voltage source.

: T 100 6002 !

Total resistance of the circuit is A 4 s g
R' = (40 1l 20) + 60 = 73.340) L
5 t flows from battery is [ i 0.886 A e e

urrent flows from battery is [ =—— =0,

2 7334 '
300 ‘4
. . Lo, 40 MV
According to current division rule, f; =/7'( 1=0.59 A
40+ 20

Knowing [, and I the current through 2002 resistance is =/, + /= 1.635 +0.59 =2.225 A

84 - e
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Current flows from battery,

5
I=——= 4
2457 1L121A

According to current division rule,

3
I =i{(—————)=0:
¥ (3+2.333} UATHA

(ii) Then keep the current source and short the voltage source.

According to current division rule, iQ I
5 AW
b =2 =1.73
5+[(313)+2] 11 A
: 3!.'2?
[7=173x =0.3844 A
3 1435

Current through 2 ohms resistor
=1,~1, ( I,and ] dircction are opposite in direction)

=0.576-0.3844=0.1916 A

1 20Q gy
(15) Using superposition theorem, find the current W I] '
flowing in the 40 ohm resistor as shown in figure. 200 3., .ﬂ,ﬂ, ‘1
(2nd semester 2009)
lﬂﬂ% 300 4002
|

illh_w 4

Solution :- (1) st keep the 15V voltage source and short the other voltage source.
Apply KCL node -1,
15—V, Vi~V ¥~V
10 20 20

=4V, =V, -V =30 ... (1)
Apply KCL to node -2,
iy 0¥y VeVs
20 0 30

=¥ -1 +2,=0 ... (2)
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T2.1Find currentsly, I; and 1, FigureT2-1
1]3=2ﬁ;14_'—'1 J"i.; lﬁ=31\.]

[=1A
Fig T2.1
TA
" T2.2 For the networks shown
in Figure, T2-2 find the
values of the currents
marked. 10A I,

r
¥ —

[(a)l;=4A, I;=-1A, I,=13A

(D)1, =40A, 1,-60A, [;=120A Ly 12A ' A\
I.|.,=.| ﬂ[IA., 15_—HD'A]
20A
E Fig T2.2
A3a
. 0.5A 40 I
T2.3 Calculate the currents I; and I in Figure T2.3 =
I,
11,=0.8A, 1,=0.5A]
50 200
10.5V
0.2A 05A
Fig T2.3
T2.4 Find the current I'Iuw.ing in the 3 £ resistor for , 1062
the network shown in Figure T2.4 Find also the p.d N
across the 10 £ and 2€) resistors. 30
[2.715A, 7.410V, 3,948V| 60 [l (20
20V
- g Al
40
Fig T2.4
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T2.26 Replace the network of Fig. to 00 1 2Q =3 o
T2.26 the left of terminals ab. by its : {
Thevenin's equivalent circuit.  Hence, I
determine 1. @ + : + :
V= Y ¥V, 1 ¥, L
[-1.68A] i 102 i 30
100y
]
‘ : + ! b
20V
Fig T2.26
T2.27 Determine the current flowing in the 60 By =5 l
resistance of the network shown in Figure T2.27 by GmA
using Norton's theorem. [] H H
40 ile] 1002
[2.5mA]
Fig T2.27

T2.28 A d.c source has an open-circuit voltage of 20Vand an internal resistance of 2 €2 Determine
the value of the load resistance that gives maximum power dissipation. Find the value of this power.

[202, 50W]

T2.29 A d.c source having an open-circuil voltage ol 42V and an internal resistance of 30 is
connected to a load of resistance RL. Determine the maximum power dissipated by the load.

(147W)

T2.30 A voltage source comprising six 2V cells, cach having an internal resistance of 020 is
connected to a load resistance R. Determine the maximum power transferred to the load.

[30W]

T2.31 The maximum power dissipated in a 4Qload is 100 W when connected to a d.c voltage V and
internal resistance r. Calculate (a) the current in the load, (b) internal resistance r, and ©) voltage V.
" [(a) 5A (b) 42 ©) 40V|

T2.32 Determine the value of the load [

resistance RL shown in Figure that gives A

maximum power dissipation and find the i ! [J R,
value of the power. EQ[I_L 802

[RL=1.60), P=57.6W]

Fig T2.28
98
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-T2.5 For the network shown in Figure T2.5 find:
(a) the current in the battery,

(b} the current in the 30082 resistor,

¢) the current in the 90€2 resistor, and
{d) the power dissipated in the 150 Q resistor.
[(a) 60.38mA (b) 15.10mA @) 45.28mA (d) 34.20mW]

T2.6 For the bridge network shown in
Figure T2.6 find the currents 1, to Is.

[1,=1.26A, 1,=0.74A, 1,=0.16A,
1,=1.42A, 1s=0.58A]

6.6V —

T2.7 Find the current in, and the voltage ¢
across, the2 Q resistance in Fig T2-2using
mesh current method.

[5A;10V] SA (D gﬂﬂ g?rﬂ ézﬁ

20V
Fig T2.7

T2.8 By means of nodal analysis & mesh current _@+ A.'E.ﬁ
method, find the current delivered by the 10-V
source and the voltage across the 10Cresistance AMA- AN
in the circuit shown in Figure T2.8 iﬂé 80 1062
[1.132A;-9.34V.] §mn §2m

+

G

Fig T2.8
93
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T2.9 For the network shown in Figure T2-9 find the
current delivered by the 10-V source and the voliage

across the 3€Q resistor by means of mesh-current
analysis.

[Absorbing the current 26/9A., 778V,
O _),r.-"r-fLﬁ =y L{ L,I"L;L! v

T2.10 Consider the circuit in Figure T2-10
which include a controlled source, and find
the current in the 5-V source and the
voltage across the 5-02 resistor by using (a)
the loop-current method and (b) the
node-voltage method.

[0.273 A;-1.563V.]
- 0.205%

T2.11 Use the superposition theorem to find
currents Iy,and I ; and I 5 of Figure T2.11

[1;=2A, 1;=3A, 1,=5A]

= 3.5V

10 0.50 H]:n

Fig T2.11
1 1|
30v——

T2.12 Use the superposition theorem to find current in

the 8 © resistor of Figure T2.12 A o T 1OV
[0.385A] 29.,7T [hm

Fig T2.12
T2.13 Use the superposition theorem to find current in each L * .
branch of the network shown in figure T2-13 E=10V 20

e
[10V battery discharges at 1.429A4V battery charges at
0.857A Current through 10 Q resistor is 0.571A] l L} 106
30 ;
T E=4V

Fig T2.13
94
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T2.14 Use the superposition theorem to determine the current
in each branch of the arrangement shown in Figure T2-14 50 60
[24 V battery charges at 1.664A 52V battery discharges at l 200
.280A Current in 20 3 resistor is 1L616A
- - ; ‘ 24V "—IS 52V
Fig T2.14

T2.15 Determine the voltage across the 20 © .
resistor in the following circuit of Figure
T2-15 with the application of superposition.

+ +
[32.25 V] EjJa\r_-S @  VZio Y £500 $200

Fig T2.15
: 40
T2.16 Use delta-wye transformation for AP s
network reduction and determine the current B
through the 120 resistor in the circuit of A AN - ANN—— C
Figl.lfﬂ T2.16 - 4£) 802 =2
302 '
[4.5A]
20 g!?ﬂ
+
@P
0
Fig T2.16
T2.17 A resistive network is shown in Fig.T2.17 Aw
Determine the value of the equivalent resistance at the
terminals AB.
[4€21]
Be
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T2.18 Determine the power supplicd to the pe et ;
network of Fig, T2.18 ! /|
= | \\
TOS5.9% 2 Sy g oy N
I I e -"”l!,r T 642
= L H’\
o R 0
! 2t =
| P D fan-
- — -;l'"_ ——— 'ﬁm — — -
Fig T2.18
2.19 Calculate the current in the 2ohm resistance of the WV J/ H“m.f"';‘ 6L0)
network shown in Fig. T2.19 a0l / R z"'i
-\\ % .-I
5A 40 V30V
ISA] ,r‘tiu Lok AR
W
[1AY
Fig T2.19
a0
T2.20 Use Thevenin's theorem find the current flowing s B
in the 14Q resistor of the network shown in Figure |
T2.20 Find also the power dissipated in the 14 O — |5V
resistor. [] 1400 [1 502 ;
[0.434A,2.64W] ﬁ-u:r
'. T
Fip T2.20
T2.21 Use Thevenin's theorem find the current flowing Y ) _.5"._
in the 6 Q) resistor shown in FigureT2.21 and the power [T bl e
dissipated in the 40 resistor. | !
! 4
II!&ZA]‘I‘I:“T\"* . — E__gll S
|
|
i |
| 60 5
e
Fig 12.21
96
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T2.22 In the network shown in Figure T2.22 the
battery has negligible internal resistance. Find,
using Thevenin's theorem, the current flowing in

the 4C2 resistor.

[0.918A]

T2.23 For the bridge network shown in figure T2.23,
find the current in the 502 resistor, and its direction, by

using Thevenin's theorem.

[0.153A from B to A]

T2.24 Consider the circuit shown in
Figure T2.24 Reduce the portion of the
circuit to the left of terminals a-b to (a) A
- Thevenin's equivalent and {b) A Norton
cquivalent. Find the current through
R=16 € and Comment on whether
resistance matching is accomplished for
maximum power transfer.

[128V,166, 8A, 1602, 4A)

RESISTIVE NETWORK ANALYSIS

j 2Q — 28V

Lt {——%
402 {9 [
Fig T2.22

T2.25 Consider the circuit of Figure, including

a dependent source, Obtain the Thevenin's

equivalent at terminals a-b.

[5V, 2009 1%
Y

1

6.6V —
i |
I=?
480 -
4 G 6A 240 R=160
(Josv
FigT224 °
I
—— AN, * % = |
20002
&
ov() 2000 oL
S L 0 sb
Fig T2.25
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Principles of
Electro-mechanism

Chapter - 7

Energy available in many forms is ofien converted to and from electrical form because electric energy
can be transmitted and controlled simply, reliable and efficiently. Among the energy conversion
devices, electromechanical energy converters are most important. Electro mechanical energy
conversion involves the interchange of energy between an electric system and a mechanical system
while using magnetic field as a means of conversion,

When energy is converted from meehanical to electrical form the device is displaying generator
action while a motor action involves converting electrical energy to mechanical energy. [n this
chapter, concept of magnetic circuit and how a magnetic field serves as a medium of converting
energy from one form 1o the another. a system (physical or electrical) is subjeeted to a change. then the
initial cireuit behaviour (transient response) differs significantly from the steady state Ec]mx-inur,
When we analyse a time varying sysiem, we get a differential equation, solution of which cives the
output ol the system as a function of time. While solving the differential equation we find
complementary function which is transient respanse and particular integral representing steady state
responsce of the system, The total solution gives the total response of the circuit,

In this chapter we have analysed the total response of an electrical circuit with DC excitation only.

7.1 Magnetism

The word *magnet’ comes from the ancient Greek City of Magnesia (The modern town Mania in
western Turkey),where the natural magnets called lodes tones were found,

The power of a magnet by which it attracts certain substances s called magnetism and the materials

whicll.ﬂrc attrflctutl by a magnet are called magnetic materials, The fundamental nature of magnetism
is the interaction of moving eleciric charges.

These are the following characteristics of magnets:

|
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(N A magnet has two poles i.¢ north pole and south pole and the pole strengths of two poles are
same.
(i) The two poles of a magnet can not be isolated (i.¢ separated out)

(iii) Between magnets, like poles repel and unlike poles attract.

(iv)  Magnet always attract iron and its alloys.

(v) Magnetic field, in turn, exerts forces on other moving charges and current carrying
conductors.

(vi) Magnet can be magnetically saturated.

(vii)  Magnet can be demagnetized by beating, mechanical jerks, heating and with lapse of time.
(viii) It produces magnetism in other materials by induction.

(viv)  The magnetisin of materials is mainly due to the spin motion of its electrons.

(vv)  Onbending a magnet its pole strength remains unchanged but its magnetic moment changes.
7.2  Coulomb’s Law of Magnetic Force

This law states that, the force of attraction or repulsion in between two magnetic poles is directly

proportional to the product of their pole strengths and inversely proportional to the square of distance
between them,

Consider two poles of magnetic strength m, and m, placed at a distance d apart in a medium as shown
in fig.7.1.

According to coulomb’s law, the force between two poles is given by ;

Foomm,
1 m, m,
o & O,
Fa H‘IJ .I'H'E ] |
d, < d >
) |
= F=K ”I] r"l Fi-ﬂ, 1.1
d

z

Where K is a constant whose value depends upon the surrounding medium. The value of K is given

it
by, 4y,

312

Downloaded from www.LectureNotes.in. Contributed by Dr. RAMAPRASAD PANDA



https://lecturenotes.in

PRINCIPLES OF ELECTRO-MECHANISM

Where 1, = Absolute permeability of medium = Permeability of air or vacuum.

p, = Relative permeability of the medium.
The value of p, = 4rx107 i_{ and the value of i, is different for different media.
_ J'H‘I HI:
llii'T:I"E EILI'.I- d:
If m, =m, =m(say), d=1 metre, F= N and the medium is air (i.ep, =1)

4ﬂp“

2
then wm" =1
= m==* weber

Hence, a unit magnetic pole may be defined as that pole which when placed in air or vacuum at a
distance of one metre from a similar and equal pole repels it with a force of ﬁl_ newton.

MNote:

« The phenomenon of magnetizing an unmagnetized substance by the process of magnetic
induction in called magnetization

« The process of protecting any apparatus from the effect of earth’s magnetic field is known
asmagnetic shiclding.

« The phenomenon of decreasing or spoiling magnetic strength of a material is known as
demagnetization.

« The state of a material after which the increase in its magnetic strength stops in known as
magnetic saturation.

7.3  Magnetic Field

It is a space surrounding a magnet within which there is a force acting on hypothetical unit north
pole.

The magnetic ficld around a magnet is represented by imaginary lines called magnetic lines of force.
Inside the magnet cach line of force passes from s-pole to n-pole, thus forming a closed loop or
magnetic circuil as shown in fig 7.2,

The magnetic ficld is strongest near the pole and goes
on decreasing in strength as we move away from the
magnet. Magnetic lines of force have no real existence 224
and arc purcly imaginary, but they are use ful concept il
to describe the various magnetic effects.
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7.4.  Magnetic Flux

It is the number of magnetic lines of force come out of the north pole or enter the south pole of a
magnel. It is represented by €.

Its C.G.S unit is maxwell and 5.1 unit 1s weber

I weber (wh)=10" maxwell.

7.5  Magnetic flux density (B)

It is defined as the flux passing per unit area through a plane at right angles to the flux.

wh
It is represented by B. Its C.G.S unit is gauss and S.1 unit is tesla (T) or "2 Onetesla=10" gauss,
m°

b
Flux density, B =% “.,

Where ¢ = Flux in wb

A =areain m° normal to flux,
Magnetic flux density is a measure of ficld concentration i.e amount of magnetic flux in each square
metre of the magnetic field.
7.6  Magnetic intensity or Magnetising force (H)

Magnetic intensity at any point in a magnetic ficld is defined as the force acting on a unit n-pole
=l ]
placed at that point. It is represented by H. Its S.lunit is Nwb™.

P
n.. L] o R -
Consider a bar magnet of pole strength m, P i5 any point in m m,
the field of bar magnet at a distance *d" as shown in fig 7.3 at ! |
which magnetic intensity is to be calculated. Imagine a north ]= d _|

pole of pole strength 1, placed at point P.
According to coulomb’s law, force acting on pole strength
m, due to bar magnet is,
HH‘H‘D
" amy,d’

- Foree acting on unit pole strength due to bar magnet = F'[.-

Magnetic intensity at P is, H = force acting on unit n-pole placed at P,

F
m"
... D _L Nwb™
- 5 4
arp,d’ dmp,d
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Magnetic intensity is a vector quantity. Its direction is along the direction of force acting on unit pole
strength (unit north pole).

7.7 Permeability

Permeability of a material is defined as its conducting power for magnetic lines of force. The greater
the permeability of a material, the greater is its conducting power for magnetic lines of force (or
magnetic flux) and vice versa. It is represented by p.

H=U,l,
Where p= actual permeability of the material
M, = absolute permeability of the material = Permeability of air or vacuum,
K, = relative permeability of the material
The value of W, is 4% 107 Hm". The value of p_ for air or vacuum is 1. The value of u, forall

non-magnetic material is also 1. However, p, of magnetic material is very high, For example, soft
iron (i.c pure iron) has a p of 8000. Due to high relative permeability of magnetic materials ( e.g
iron, steel and other magnetic alloys), they are widely used for the cores of all eleetro magnetic
equipment. It should be noted that the value of p, is not constant for a given magnetic material, It
varies considerably with flux density (B) in the material,

7.8 Relation between B and H

The flux density B produced in a material is directly proportional to the applied magnetising force H.
The greater the magnetising force, the greater is the flux density and vice versa.
s BaH

=»B = constant x ff
=B=pH

=B=p,p H
Forair, B=p H TN

7.9 Molecular theory of Magnetism

According to this theory, molecules of all substances are basically magnets, cach having a north and

south pole. Every substance consists of a very large number of tiny magnets called molecular
magnets. h

%

N

" w|[»
Z]|Z][Z]|=Z
‘][]l
£31E3E

w

M
T

g\

Fig 7.4 (b)

315

Downloaded from www.LectureNotes.in. Contributed by Dr. RAMAPRASAD PANDA


https://lecturenotes.in/advt/click/note/121831/2
https://lecturenotes.in

BASIC ELECTRICAL ENGINEERING

Before a picce of iron has been magnetised the molecular magnets lie in disorderly positions as
shown in fig 7.4 (a), so that poles of molecular magnets neutralise with each other. Hence iron picce
does not show any magnetism (i.e no poles are developed at the ends).

When magnetising force (H) is applied to the iron picce ( by passing electric current) then
molecular magnets are line up in an orderly manner, with n-pole of one molecular magnet facing the
s-pole of other as shown in fig 7.4 (b) As a result the magnetic fields of molecular magnets add each
other and two definite n-pole and s-pole are developed at the ends of the iron bar. Hence the iron picee
gets magnetised.

7.10 Magnetic circuit

The closed path followed by magnetic flux is called a magnetic
circuit.

A magnetic circuit provides a path for magnetic flux, just as an =3 "‘,;_,

clectric circuit provides a path for the flow of electric current. A ]
magnetic circuil consists of materials having high permeability.

It is becausce these materials offer very small opposition to the N
flow of magnetic flux.

g

Consider a coil of N turns wound on an iron core as shown in fig 1
7.5. When current | passes through the coil then magnetic flux

(#)is setup in the core. The flux follows the closed path PQRSP.

This path is called magnetic circuit.

L e ) B
B

g Ll

R

Fig 7.5

7.11 Magneto motive force (mmf)

The amount of work done required to carry a unit magnetic pole once through the entirc magnetic
field called magneto motive force.

It drives magnetic flux through a magnetic circuit It is equal to the product of current and number of
turns of the coil. Its unit is ampere-turns (AT).

Magnetomotive force (or mmf) = NI ampere-turns (or AT)

7.12 Analysis of magnetic circuit

Consider a magnetic circuit of area of cross-section 'a’ mean
length ¢ and relative permeability of core material |1 as .
shown in fig 7.6 3
N

A coil of N turns wound on an iron core as shown. When
current | passes through the coil then magnetic flux ¢ is set
up in the core,

Flux density in the core is, B=

Magnetising force in the core,

o
il
Il
Il

_—
L —
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But magnetising force is defined as the ratio of mmf to mean length of magnetic path,

H = af = ﬂ i!.?. (2)
mean length of magnetic path [ T

From cquation (1) and (2) we get,

o
app, !
L oo Manp) N
{ !
i o 'J'I'.I !"l F
NI
=%
[ .
Where 8 =———= reluctance of the magnetic circuit.
apL g,
NI mm
Flux{f}t}:——:—f .................. (3)

§  reluctance
Equation (3) is sometimes referred to as ohm's law of magnetic cireuit,
7.13 Reluctance
The opposition that the magnetic circuit offers to flux is called reluctance.

It chunqs upon length, area of cross section of magnetic circuit and permeability of the material of
the circuit. It is represented by S. !

E L
Hu{ll"lr

Its 8.1 unit is A T u:b, Reluctance in a magnetic material varies inversely as relative permeability p
?:- m:ljggcuc malerials (e.g iron, steel, cobalt etc) have low reluctance and non-magnetic mnlcriuis
wood, brass etc) have high reluctance, Itis because magnetic ' i d

_ SISt SC M ic material has hishp . and non- magneti
material has low i, . N o

The reciprocal of reluctance is called permeance. It is represented by A.

I o ap,n,
reluctance (s) a {

Permecance (A) =

Its S.1. unit i"i*‘lﬁ or H H
1. ST enrys (H).

317

e ——

Downloaded from www.LectureNotes.in. Contributed by Dr. RAMAPRASAD PANDA


https://lecturenotes.in

BASIC ELECTRICAL ENGINEERING

7.14, Series Magnetic Circuit

Consider a serics magnetic circuit consists of three different dimensions and materials as shown in fig
el

In series magnetic circuit flux (¢) through each part is same. The
total reluctance in series magnelic circuits is equal to the sum of
reluctances of individual parts.

- Total reluctance (8) =5, +8,+ 8, +8§,
j] "z IJ J

5= + + o
@l @ lglh, @, a

C: for airp =1

Total mmf = (Flux) (Total reluctance)

fl I, fj "x
={¢} + - =+ o
augn, @l a g, acl,

f /

R | 2 .
R ST R
aup,  alat o dll, a

= BIII ; BI"'Z o+ Ei;] +B-F:!'ﬂ
I'll}u'rl H'I]I'lr: i"‘l'{pl'l.!] I'Ll]-

=H 1 +H, 1, +H L, +H I

Whereas o I

oH s

7.15 Parallel Magnetic Circuit

A magnetic circuit which has more than one nuth_ for flux is called parallel magnetic circuit . In
parallel magnetic circuit the mmf across cach path is same.

The concept of parallel magnetic circuit is illustrated in fig 7.8. When current 1 flows through the
coil, flux ¢, is set up. This flux ¢, is divided into two parts i.c &, and¢, along two magnetic paths
BE and BCDE.

The flux ¢, passes along path BE and flux ¢, passcs along path BCDE.
9, =0+0,

318
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A NI B . C
1 : E
B = | :
N ¢ (i Y9,
{— | !
F o8 E T D
Fig 7.8

As two paths BE and BCDE are parallel, so mmf required for path BE is equal to mmf required for
path BCDE.

Total mmf required = mmf of path EFAB + mmf of path BE or path BCDE

sommf = ( flux)(reluctance)
=bNI=¢ESl+¢'ISl =0,5, +,5, =05
6,5, =9,5,

Where S, = reluctance of path EFAB
S, = reluctance of path BE
S, = reluctance of path BCDE
$,5, = mmf of path BE
¢, 5, =mmf of path BCDE,

7.16 Leakage flux
Useful Flux

Magnetic flux is classified into two groups. (1) Use Leakage Flux e ;

ful flux (ii) Leakage flux.

The total magnetic flux produced is equal to the
sum of the useful flux and the leakage Mux.

The part of the total magnetic flux which has its
path wholly within the magnetic circuit is called
uscful flux. The magnetic flux having its path
partly in magnetic circuit and partly in air is called
leakage flux. These fluxes are shown in fig 7.9

The ratio of total flux produced to the useful flux is
called feakage factor or leakage coefficient.
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total flux produced

Leakage factor (A) = usefidl fTux

The value of A s greater than one.
7.17 Magnetic Fringing

Consider a ring provided with an air gap. when the flux

lines cross the air gap, they tend to bulge out across the "‘\
edges of the air gap. This effect is called fringing. It is Fringi
shown in fig 7.10 nrmgmg
“IUX
The effect of fringing is to increase the gap arca than that Path

of ring. Hence the flux density in the air gap is reduced.
The effective inercase depends upon the length of the air ’
gap. If the gap length is small compared with the gap Eag 110
width the effect of fringing can be neglected.

7.18 B-H Curve

The graph between the flux density B and field intensity H of a magnetic material is called B-H curve
(or magnetization curve). A typical B-H curve for an iron

specimen is shown in fig 7.11
= In the region OA magnetic field strength H is too B B ¢
weak to cause any appreciable alignment of
molecular magnets (or domains). Consequently, the i
increase in flux density B is small.
= In the region AB, more and more domains get
aligned as H increases. Consequently, B increases 0 - H
linearly with H. .
: - Fig 7.11
= In the region BC, only a few domains are left
unaligned. Consequently, the increase in B with H is
very small.
= Beyond C, no more domains are left unaligned and the iron material is said to be magnetically
saturated.
> The point 'C' is called the point of saturation for the material i.¢ knee point.
= The slope of B-H curve represents permeability .

.. Slope of B-H curve = |anB=P—f=u =W, .

Clearly slope of B-H curve o,

The portion AB of the curve is a straight line, put of the material is constant. In the saturation region
when the curve becomes almost horizontal the slope becomes almost zero. The B-H curve shows that
the permeability g, of 2 magnetic material changes with the flux density B.
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7.19 Magnetic Hysteresis

When a magnetic material is magnetise in onc direction and then in other direction and finally it
demagnetise, the material is said to go through one cycle of magnetisation. In this process. it is found that
the flux density (B) in the material lags behind the applied magnetising force (H). This phenomenon is
known as hystresis.

The phenomenon of lagging of flux density (B) behind the magnetising force (H) in a magnetic
meterial subjected to cycles of magnetisation is known as magnetic hystresis.

1.1

B

Battery ¢

i,

(a)

Fig. 7.12 (b)

Let us consider an unmagnetised iron bar AB wound with N turns which known as solenoid as shown
in fig 7.12(a). When current flows through the coil then magnetising force (H) is produced.

(i) When current in the solenoid is zero then H= 0 and hence flux density (B) in the iron is zero.
When H is increased by increasing current then B increases until the point of maximum flux
density (+B .. ) is reached. At this stage the material is saturated and beyond this point the
flux -:Im:usity will not increase. The B-H curve of iron is along path Oa.

(i) It now H is gradually reduced by reducing current then B does not decrease along path oa but
follows path*ab’. Al point*b’ the magnetising force (H) is zero but flux density (B) in the
material has some value. This flux density is called residual flux density. In fig 7.12 (b) ob =
residual flux density. This shows that B lags behind H. The greater the lag, the greater is
residual magnetism. The power of retaining residual magnetism is called rerenrivity of the
material.
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(i)  To remove the residual magnetism*ob’the magnetising force His reversed by reversing the
current through the coil. When H is gradually increased in reverse direction then B-H curve
follows the path*be’When H = oc then residual magnetism is zero, The value of magnetising

force required to wipe out residual magnetism is called as coercive Jorceor coercivity . In fig
1.12 (b) oc = coercive force.

(iv) I His further increased in the negative direction then the material again salurates (at point d)
in the negative direction. Reducing H to zero and then ncreasing it in the positive dircction
which completes the curve “defa™. Thus when an ironp iece is subjected 1o one cycle of
magnetisation then the B-H curve traces a closed loop ab cdefa called as hysteresis loop.

It is clear from hystresis loop that B lags behind H. The two never attain zero value
simultancously,

7.20 Hysteresis loss

When a magnetic material is subjected 1o a cycle of magnetisation then an encrgy losstakes place due

to the molecular friction in the material. This loss is in the form of heat and is called hysteresis loss.
The effect of hysteresis loss is the rise of temperature of the machine.

Hysteresis loss occurs in transformers, electric motors operate on a.c, d.c machines elc,

Hysteresis power loss, P =1 £ B'* ¥ waus.

Where N = hysteresis coefMicient whose value depends on the nature of the material,
J = f(requency of magnetisation.

V' = volume of the malcrial,
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7.21 Comparison between magnetic circuit & Electric circuit
| Emf
L
1y A
Al
R
. Magneto motive force (mmf)in AT. 1. Electro-motive-force (emf) in volts.
mml _ Emf
2. Flux = reluctance 2. Current = resistance
Reluctance, s- ¢ | 3. Resistnace, p=pZ
il
1
4. Permeance = oo 4. Conductance = ——
i =9
5.  Flux density, g= /"' .
6. mmfdrop=2¢3 5. Current density, y- L
7. Magnetic intensity i = %’- 6. Voltage drop = IR
8. Total mmf in series magnetic circuit 7. Electric intensity E:f;
= 05, +05, + 05, +.. 8. Total emfin series electric circuit
9. In series magnetic circuit, total = IR+ IR+ IR, 4.
reluctance =5, 45, +5,+. 9. In series electric circuit, total
10. In parallel magnetic cireuit (for two path) TESistance R=R + R4 R, +..
the total reluctance is given by ¢_ 5% . 3
5 Ys 5,+5, | 10. In parallel electric circuit (for two path)
e 5 I Tofe H i # = RIRI
11. In flux division rule, s, =6 3—:;} total resistance is given by g=_22
'] wly { | 2
¢ —¢'[ 5 ] 11, In current divisi | i
i T 5 1IVISION ru - 1
and ik T ruie, 7, I[ﬁ'.*ﬁ‘;J
Rl
and ‘r':’[n,m,]

Example 7.1 :

Determine

th
(i)

rcluctance of air gap

Anair gap 1.1mm long and 40 sq ¢m in cross -section exists in a magnetic circuit.

mmf required to create a flux of 102 10% wb in the air gap.
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P x10”
B, A 4xx107 x 40% 10

Solution : (i) Reluctance (s) =

=2188x10° AT/ wh
(it} mmf = fMux x reluctance
=10x107 % 2188x 10°
=218.85 AT

Example 7.2 : An air cored coil has 500 turns. The mean length of magnetic flux path is 50 cm and
the area of cross section is 5% 10~ m®, If the exciting current is 5A, determine

(i) H (i) Flux density (B) (1) flux (&)

Solution : (i) - -‘:":_’ i 5’“2: S 5@%

() B =pu H=p,H(wp, =)
= 4rx 107 x 5000=6283%107" T
(i) ¢ = BA=6283x10" x5x10™ =314% 10" wh.

Example 7.3 : A mild steel ring having a cross-section area of 400 mm® and a mean circumference of
400 mm has a coil of 200 tums wound uniformly around it. Given p_= 300, Determine (i) reluctance
of the ring. (ii) the current required (o produce a flux of 8001 wh inthe ring.

¢ 800x|0™"

Solution : Flux density B = ~ =2whm®
Yy A gﬂmxlﬂ* wh m
The reluctance of ring S = = 24
Mo, A 300xd4nx 107 % 400% 10-°
=265x10° 5L
wh
mmf = flux x reluctance
=800x 10" x 265x 10°
=2122x 10" AT
, 2122x 10"
Current required, 1 = i = =
- No.of turns 200 ORI

Example 7.4 : What is the value of the net mmf acting in the magnetic circuit shown in fig 7.13

2
b}

.-_\l
[T

| T |
e s
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additive within core, hence mnfs Y 1A

5 d L& ]
Sofution : As Mux in all coils are I
are additive. 2

Net mmf acting in magnetic
circuit =

(300 1) — (10 2)+ (50 1) - 300 turns 8
=3304T 10 turns 50 turns

2A

(anticlockwise current produces
+ve mmf & clockwise current
produces - ve mmf)

Fig 7.13

Example 7.5: Calculate flux, flux density and field intensity on the magnetic structure shown in fig
7.14 Given ., =1000, N= 500 turns

RN TN B ~
i =0.1 A, the cross-sectional
area is A= 0.0001m" . i=0.1A !
[=0.Im, h=0.Im, w=0.0Im A g
e g0
Solution
mmf = Ni = (500)(0.1)= 50 AT -
Mean path=/_=4(0.1-0.01)= 036 m o £ rl“"'-l
I Fig 7.14
Reluctance, § = .
I"lﬂu'r A
E. 036
41 %1077 %1000 x 00001
=2865 x 10" AT /wb
: Vi 50

Magnetic flux ¢ = LU 1L75% 107 wh

*=F “2sesxior .

-5
Flux density B = ® m = &I‘FSL{J
A 00001 m’
Magnetic filed intensity H = Do B L - = 13914_‘}‘
BoopH, 1000 4rnx 107 M

Example 7.6 : Fig 7.15 depicts the configuration of an electric motor. The clectric motor consists of a
stator and a rotor. Compute the air gap flux and flux density.
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Given [, = e, number of turns N = 1000,
coill currenti =10 A, [ =0.0lm, 4 __ = 0.1m’

Solution :  mmf = Ni=1000x10=100004T

/
Reluctance at gap=5§  =—" = L 11 =7-96%10" L
Hod 4mx107 x01 wh
Stator
Total reluctance at gap = §_ + 8§, =25 =159x 10 .ai_i"
wh
Magnetic flux g =—__ _ 10000 _ 5 o628
reluctance  159%10° Rotor
Magnetic flux density B = L4 = m =0-628 w{l
A 0l m" Fig 7.15

Example 7.7 : Calculate the equivalent reluctance of the magnetic circuit of fig 7.16 and the flux
density established in the bottom bar of the structure

Given p, =10,000, N=100turns, i=1A

0.01 m_ =

100 turns |
e 0.05m

0.0025 m* Botlom Plate -
e 0.1m i

Electromagnetic structure with air gaps
Fig 7.16

Solution : Mmf= Ni=100x 1= 100 AT

The path broken into three legs as shown in fig 7.17 (i) U-shaped element (ii) air gap (iii) bar.
Mean path length of U-shaped element =/, =/, +1, +1,

=0-09+0:-045+0-045=0-18m

526
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Mean path of air gap, e o
I, =0-0025+0-0025=0-005m £ |
Mean path of bar, E !
Io=1,+1 +1, =009 +0.0025 +0.0025 X ¢
=0.095m E i
Neglect fringing effects in air gap; '
area of cross-section at gap Gap— "{E f_g |
5 i o kg BT
Ay = Ay, = A, =(001)° = 0001 Barssl !
{ :
Reluctance of U-shaped element, §, = —— Bt
Holt, A
" 018
10000% 4m 107 % 00001
=143x10° A—T
W
Reluctance of air gap, §._ = 5 . e
T A 4rx 107 x 00001
AT
=398% 10" —
wh
{
Reluctance of bar, S, = —"—= L -
it A 10000% 4107 x 00001
=0715%x10° 4L
Wi
Total reluctance of the structure is
5=5_+§8 - S,
=143x10° +398x 10" +0.715x 10°
=400145x 10° i{—r
¥
— - = =2.499% 10 wh
reluctance  400-145x 10°
. ¢ 2-499x10°° L wh L, wh
Flux density B= — = —————=24.99x 10 2 =
ux density 5 0.0001 o e Sx10 g
327
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Example 7.8 :

For the electromagnet of fig 7.18

a) Find the flux density in the core
b) Sketch the magnetic flux lines and indicate their direction
c) Indicate the north and south poles of the magnet.
4 Cross-sectional

d=4x10 wb area=0.01m?
[/1 = “f N turns

Fig 7.18
Solution : (a) Giveno=4x10" wh
A=001m?
.. Flux density B= E = M-ﬂ 04 Tesl
e ¥ ¥ 001 = exla

(b) Viewed from the top :

(c) See above

Example 7.9 : Determine the reluctance of
the structure of fig 7.19 if the cross-sectional
arca is 001x 001n’ and p, =2000. Assume
that each leg @in length and that the
mean magnetic TR runs through the exact
center of the structure.

sectional area)

—Ferromagnetic
material
with pz==1

Solution : Given A=0-01x 0-01m’
W, =2000
Each leg is 0.1m in length Fig 7.19 Flux lines

S Mean path of
Magnetic

5

[ it
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From fig 7.20 mean magnetic length is /_ = 4x0-09=0-36m e
: 0-36 ' :
Molt, 4 2000x 4mx107 x0-01x0-01

Reluctance 5 =

T T i = S RLTEES '

Wwir

>

Example 7.10 : (i) Find the reluctance of a magnetic circuit if a magnetic flux ¢ = 42x 107 wb is
established by an impressed mmf of 400 AT.

(i) Find the magnetizing force H in SI units if the magnetic circuit is 6 inch long.
Solution : Given = 4.2 x107 wb, mmf = 400AT, length (i)=6 inch=15-24x 107 m
400 AT
(D Reluctance i T — =052x10° —
flux  42x10 wh
(i) B e B e T
length 15-24x%107 m

Example 7.11: For the circuit shown in  Fig 7.21
(i) Determine the reluctance values and show the magnetic circuit, assuming thatp =p000p. '

(i1) Determine the inductance of the device

(iii)  The inductance of the device can be modified by cutting an air gap in the magnetic structure.
If a gap of 0.1 mm is cut in the arm of length /,, what is the new value of inductance ?

(iv) As the gap is increased in size (length), what is the limiting value of inductance 7 Neglect
leakage flux and fringing effects.

1' Sy e ey
= ' | E
ey A 1,
'r Az A
£ | i
N e e e e s e e e T L '
M
Fig 7.21

N =100turns, A, = 100cm*, A, = 25cm’, A, = 100em*
I, =30cm,l, =10em and I, =30cm
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! =2
Solution : (i) §, =—"—= 2 2 —= T96I~?E£
Mo, A4, 4rx107 x3000% 100310 wh
'j -2
Spe—2 a0 _=10615- 120
Mol A,  4mx107" %3000x25x%10 wh
[ 30x107° (T
e | e s — = 7961 78—
Mo, A, 4nx107 x3000x100% 10 wh
The circuit is shown in fig 7.22 ’*.E‘:ﬁ..
Total reluctance, S = §, +%
2 T,
mmf §5: éS;
=5 =1251x10 4L
wh
2 ~ No
(11) Inductance (L) = Fig 7.22
_ (No)N e S
NI (o= S )
x 2( NI/
_wie_N(Mg)
NI NI
N? 100)*
= = L T =07993H
S 1251x10
(i)  Given/, =0-1lmm=0-1x10"m, A=100x 107 o’
! 0-1x10™
§, =—== > ~ =17961.78°%
WA  4nx107" x100x 10 wi
§_ isin series with §
8,(5,+5,
. Total reluctance, S =S, +"{—3‘-}- =14-33x 10" AL
S,+5,+8, wh
N* o (100)
. Inductance (L), = = =0-6978H
S T e

(iv) As the gap gets longer, then S, will also get larger and as an extreme case the circuit is made
of §, and §, in series.

. Total reluctance S = §, + 5, =135?7.43L4_E
W
N (100)
Inductance (L)y= ——= = .
L 5§ 18577-43 VA
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Example 7.12: The magnetic circuit shown in fig 7.23 has two parallel paths, Find the flux and flux
density in each leg of the magnetic circuit. Neglect fringing at the air gap and any leakage ficlds. N =
1000 turns, [=0.2 A, [ =0.02emand [ ,=0.04cm. Assume the reluctance of the magnetic core to be
negligible.

Ty 7R
=7
- I.,___‘___-_-_‘_---._
——llem
I-.._,_‘_____‘_
dem  Lg q ' N ¢, —
3 lem
— i CTG*H{ESEEliDH
2cm lem -
¥ lem
Fig 7.23
Solution : Given N = 1000 turns, i=0.2A, [, =0-02x 1072 m

l,=0-04x 107 m, A=(0-01)° w’

Assume the reluctance of the material can be neglected. The analogous circuit 1s show in fig 7.24

Reluctance of st air gap
/
ZS;;I = = +
Mo A 5 g CFD mmtf gsﬂ
0-02x107° g
'::'Sul = -7 2
drnx 107 x(0-01)
=1-59x10¢ 2L Fig 7.24
wh
/ ; -2
5, mt2 o L IEO 1L Egiaginaghs
pod  4rx107" x(0-01) wh
g, =L 100002 _ ) 5610+ wb
S, 1:59%10
b, = o J000XDZ__ ¢ 28510 wb
S, 3-1847x10
_9, _126x107" _ wh
A4 (001) n’
po b2 _6:28x10° o wh
" (0-01)° T omt

Example 7.13 : Find the current necessary to establish a flux of ¢=3x 10" wb in series magnetic
circuit of fig 7.25. Here [, = [, =0-3m, area (through out) =5x 10~ »* and N=100 turns.
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Solution : for cast iron i, =519 Cast iron Cazt steel
for cast stecl pu, =1000 ;:I
Reluctance of cast iron r N
3 L _ 03
T A A X107 x5195%5 10"
=919551527 Fig 7.25
wh

Reluctance of cast steel, 5, = i _ o
Holt, 4 4rnx107 x1000x 5x 10~
_—

L

Total reluctance, S =85, +8§__ =91955-15+ 477707

= 5696621 SA—_:;
But flux =2/ !
relutance
NI
:? =
¢ 5
(o} Ix107 % 569662-15
= f=rk= =17
N 100 -

Example 7.14 :- Find the magnetic flux ¢ established in the series magnetic circuit of fig 7.26

Solution : Given that current [ = 2A, r=0.8m ¢
Area of cross - section A=A =0009m, p, =1000
. length (/) =2nr =2rn(0-08) = 0-5024m

Reluctance
{ 0-5024 1T
(S)= =— = 44444. 447"
Mok, A 4nx1077 x1000x0-009 R wh

Flux (6) = mmjf _N 100x2

T = -3 Cast steel
reluctance S  44444.44 4.5%107 wh

Fig 7.26
EExaqlp!c 5.15 : (a) Find the current 1 required to establish a flux ¢ =2-4% 10~ wb in the magnetic
circuit of fig 7.27. Here area (throughout) 4 =2x 10~ m?, lo=1,=005m! =I[_=002ml_=I
and the material is steel. o W T be k=t
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(b) Compare the mmf drop across the air gap to that across the rest of the magnetic circuit.
Discuss your results, using the value of p for cach material.

Solution : (a) Given the material is

cast steel R RN
2 -4 : ;
Flux density B=2- EL]E—= I ~llij- ¢ N =100 turns : 0.003m
4 2x10 O, d T
Magnetic  ntensity of cost  steel I______c
(H,_.)y= :
HoH, Fig 7.27
2 b2 e
4n 107" %1000 m
— ; 4 B 2 AT
Maonetic intensitvofair ., =—=—on——=055414-01—
e ¥ Mo, dmxi10” m

Total mmf = mmf of cast stecl material + mmf of gap.
= Nb= H (Lt 4l Sl 1 (L)
= 1001 =955-41(0-2+0-05+0-05+8§-5% 107" +8-5x 107 )+955414.01(0-003)
= 2007.13 AT
=1=2997 A
l o =2866-24A4T
l,.=130-894T

(b} mmfofairgap=H__

mmf of steel = H

treed

Example 7.16 : For the series-parallel magnetic circuit of fig 7.28 find the value of current [ required
to establish a flux in the gap of & =2x 10" wb. Here

|

P
i

L
.

WN=200 turns

Area for sections
other than bg=5x10" m’

Fig 7.28
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Ly =1y =1y =1, =02m,1,_=I_=0lm, [, =1 =0099nand the material in sheet steel
Solution : Let, = 4000
Given 4, =2x 107w’ and A, =5% 107 n*
Gaplengthl , =1, =21, =2x10"m
N 2x 107 AT

=318x10° —

Reluctance at gap, S, = Hed, 4mx107 x5%x10™ wih

mmfatgap= ¢, 5 =2x107 x3.18x10° =6:36x 10> AT

! 0-099
..
e P e S A, mx 107 x 4000X 5 10

=394|U-32£
wh
mmfof path'ef = ¢,§_ =2x10" x3941082= 7882 AT
Reluctance of path 'be'= S, = e o
Mot 4, 4nx107 x4000%5%107°
AT

=398 -
9 GSBI?Wb

mmf of path 'be'=¢, 5, =7.961 AT

mmf parallel = 2(mmfbe) + mmf gap +2 (mm ef)
= 2(7961)+ 636 10° + 2(7882)
=667.686 AT

mmg of path 'bg' = mmf{ parallel = 667.686 AT

Ly 02
Relucta fpath'bg'=§, =—=F = = il
nces of path 'bg b 4, amx 107 x 4000x 210" 199044 - 58 E

_mmf of bg _ 667686
S 199044 - 58

Flux across path 'bg' =, =3.354x107 wh

Total flux, ¢y =6, + ¢, =2 x10™" +3354x107=3.55%10" wb

Reluctance of path 'ab'= 5§ , = Ly = 02
Mo, 4, 4rx107" x 4000x 5% 107"

=T95|?33£

wh

mmf of path 'ab' =¢ . § , =3.55¢10" x 79617.83 = 282.9971 AT

mmf serics = mmf ab + mmfah + mmf gh

9
s
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=282-997 +282-997 + 282-997
=848-99AT
Total mmf = mmf series + mmf parallel
= 848.99 + 667.686

=1516.67 AT

151667
e T L
ne of turns

=75834

Example 7.17 : A core is shown !

in fig 7.29 with p, =2000 and g

N=100. Find (a) the current I
3
l

Cross-section

i
> ; T =
h H"“E Zcm

{
em E L JSem | Tgem

needed to produce a flux density
of 0.4wbh /m® in the center leg.
(b) the current needed to produce | 8cm

s fiux density SEOR" gl e

“ Scm

i 20cm

center leg.

Solution. : The analogy circuit is Fig 7.29

shown in fig 7.30
(@ §,= :

o1, 4 ; @ |

034 %S: % S

T anx10” x2000% (8% 107 )? Si

=2*11=I><]IZI"£
wh

= 090 Fig 7.30
2 4rx 107 x2000% (8% 107)?

AT
=5.598x% 10" —
) wih

AT
Similarly §, = §,= 5598 x10" —-

wh
5.5 AT
Total reluctance, § = §, +——— = 4-9Ix10" —
,+5, wh
mmf (NI}
I e
Pl ) reluctance(s)
@S (BA)S 0-4x%(0-08)" x4-91x10*
=== =
N N 100
=1=1256A
335
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7.22 Transformer

A transformer is static device which consists of two or more stationary electric circuits interlinked by
a common magnetic circuit for the purpose of transferring electrical energy from one circuit to
another circuit at the same frequency but with changed voltage (or current or both).

A transformer is essentially an a.c device. It can not work on d.c. When a.c voltage is raised n times,
the corresponding alternating current reduces to 1/n times.

7.22.1 Principle of operation

A transformer is based on the principle of mutual induction i.e. whenever the amount of magnetic flux
linked with a coil changes, an emf is indued in the neighbouring coil.

When alternating voltage V', is applied to primary winding of a transformer then a current (/,) flows
through it. This current ( /) is called exciting current which produces an alternating magnetic flux (¢)
in the core. This flux links with both the windings (i.e. primary and sccondary). According to
Faraday's laws of electro-magnetic induction, emf E, is induced in primary and emf £, is induced in
secondary winding. But according to lenz's law primary induced emf E ;) will oppose the applied
voltage and in magnitude this emf £, is almost equal to the applicd voltage (V, )

.

In brief we can say, emf induced in primary winding is equal and opposite lo the applied voltage i.e.
Ey =l

When a load is connected to the secondary side, then current will start flow
winding. The  voltage
induced in the secondary ¢
winding is responsible to P N TN

deliver power to the load Lo : . 5
connected to it. In this way ' ; I

clectric power is transferred Vi Evg_ | : ) E:
from primary winding to
secondary winding through a
magnetic circuit by electro
magnetic  induction. The
induced emf in the secondary
£, s in phase opposition to
the applied voltage ¥, at primary. If the secondary is open circuited then terminal voliage V7, at
secondary is equal in magnitude and in phase with the induced emf at sccondary. i.c. £ g =¥, i

ing in the secondary

Fig 7.31

7.22.2. Construction of single phase transformers

A single phase transformer consists of primary and secondary windings placed on a magnetic core.
The magnetic core is a stack of thin silicon steel laminations. The present trend is to use cold -rolled
grain - onented steel (i.e. CRGOS) which shows exeellent magnetic propertics. The thin laminations

reduce eddy current loss and silicon steel reduces hysteresis loss. There are two basic types of
transformer constructions, the core type and shell type.

336
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=R,+K°R,

Similarly X ,= effective reactance of whole transformer referred to secondary.
=X, +K*X,
Z,, = eflective impedance of whole transformer referred to secondary.

= secondary impedance + primary impedance referred to secondary.

=Z,+Z
i 4 R: RFKR: X X=KX,
=L, + K& o : AN —— AN — BT — T ———0C
3 o
AlsoZ, =R, + jX, " Do g——
zo: = R;: +X§:
~ Fig1.36

Note : It is important 1o remember that;
(1) When transfering resistance or rectance from primary to sccondary, multiply it by K.
(2) When transferring resistance or reactance from sccondary to primary, divide it by K °.
(3) When transfering voltage or current from one winding to other, only K is used.

(a) any voltage I/, in primary becomes K7, in sccondary.

r

(b) any voltage I/, in secondary becomes —- in primary.

(c) any curmet /| in primary becomes —- in secondary.

(d) any current {, in secondary becomes K7, in primary.
(4) A resistance R, in primary bcomes K R, when transferred to secondary.
(5) A resistance R, in sccondary becomes ,:1 when transferred to primary.
(6) A reactance X', in primary becomes K °.X, when transferred to secondary.
(7 A reactance X', in secondary becomes K when transferred to primary.
7.22.8 Practical Transformer on No Load
A transformer is said to be on no load, il its primary winding is connected to an ac supply source and
the secondary is open. The secondary current is thus zero. When an alternating voltage is applied to
the primary, a small current /, flows in primary. The current [, is called no-load current of the
transformer. It resolves into two rectangular components /| and /. The component /_ is called
342

Downloaded from www.LectureNotes.in. Contributed by Dr. RAMAPRASAD PANDA



https://lecturenotes.in

BASIC ELECTRICAL ENGINEERING

Example 7.21 :- If the transformer shown in fig 7.45 is ideal, find the turns ratio that will provide
maximum power transfer to the load,

Solution : Given that

R, = 1800 ohm R =R K?
= 8 ohm R,
: e ; ——AMA— o
The equivalent circuit of the transformer referred to . .
secondary side can be shown as in fig 7.46.

. . Vi(t) Ci) g E 3 0
According to maximum power transfer theorem, :
maximum power can be delivered when

R = R, Ri=18002 R.=80
‘ 1 —-—[! 067
1
Turn ratm*— T - e R,
N K 0067 -
Example 7.22 : For the transformer shown in fig 7.47, N =1000 turns, /, V' ,,!.'r y R
= l6cm, A4, =4denr’, ' > § 2
l,=22em, A, = 4em®, [ =Scmand 4, = 2em’. l
The relative permeability of the material yt, = 1500, Fig 7.46
T e N A o g
< R g i
= A S
: | :
- I '
Fig 7.47
(a) Construct the equivalent magnetic circuit and find the reluctance associated with each part of
the circuit.
(b) Determine the mutual inductance for the pair of coils.
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In core type transformers, the windings surround the steel core. The core consists of bwo vertical legs
or limbs with two horizontal sections, called vokes. To keep the leakage flux to a muinimum. half of
cach winding is placed on cach leg of the core as shown in fig 7.32(a). The low voltage winding is
placed adjacent to the steel core and high veltage 15 placed outside to reduce the insulating material

required.

In the shell type transformers the steel core surrounds the windings as shown in fig. 7.32 (b). The low
voltage (LV) and high voltage (HV) windings are wound over the central limb.

7_/; Yoke

: ------------ -¢-__-_---__-'_:. Ir Lq"l ¢'21 --] I
V- LV ; LY 1iv HY LV ' LY HY ' ; - I

: = a i . 0 I
: : = & : o 8
= : = : v |

b ' ' : it [ R

Py o |

(a) (b)
Fig 7.32

The shell type transformer requires more conductor material as compared to core type transfomer. In
core type transformers the flux has a single path around the legs or limbs where as in shell type
transformers the flux in the central limb devides equally and returns through the outer two legs.

7.22.3 EMF Equation

Since the applied voltage is sinusoidal at primary, the flux produced by exciting current (/) is also
sinusoidal i.c. ¢ = ¢, sinwr. According to Faradays laws of electromagnetic induction, the induced
emf is,

v
e= —N,f, where N is the turns of the coil

d
=e=-N.—(¢_sinw)
dr

=e==-wo, Ncoswr

=e==2nf ¢, Ncoswr o =2nf
= e==2Inf o, Nsin(90-oxn)

=c=2nf ¢, Nsin{wt-90)

=c=L£_ Sin(u-90)

Where £_=2nf ¢, N = maximum value of induced emf' ¢,

For a sine wave, the r.n.s value of emfis given by,

337
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magnetising current. It magnetizes the core. It sets a flux in the core and therefore /_ is in phasc with
flux (¢, ). The current [ is called reactive or wattless component ol no load current.

The other component 7, produces eddy current and hystresis losses in the core and raatt very small
copper loss inprimary . It is called active component or wattful component of no load current. It is
in phase with applied voltage (1] ) at primary.

V.4
I ! | J """" I,
o] | o ”
1 & i flh'
Tv, E.T b = ]L vl 0
o I i — il i ¢
b e 13 F e Li E|" I
E:Y
(a) (b)

Fig 7.37

The no load current 7, is not behind 90° with the applied voltage (¥, ) but lags it an angle §,, as shown
in fig 7.37 (b).

Note : (i) The no load current [ is small. So the drops in R, and X', on primary side are very small.
We can say that at no load I/, = E, (but ¥/, andE, are 180" out of phase due to lenz's law).

(ii) The no load primary copper loss(/; R, )is very small. So the no load primary input power is equal
to iron loss .

(ii1) Since a current is being drawn from the primary (/) I,

with secondary open, a magnetising branch is available 2 4 ,
across the supply. This consists of'a parallel combination
of reaciance ( X)) and resistance (R ). The no load current )
component (/;) is resolved into two components, R; X,
namely /  and /. The component [, is responsible for
no load loss and flows through R, and the component [,
is responsible for magnetising the core and flows
through X', as shown in fig 7.38.

Fig 7.38

1, =1 ,cos0,
and I, =1, sng,

I;=J13 412

1
No load power factor, cosd, = =y
n
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Solution : Given that, N= 1000, /, =16x 107
A, =4x107"m’, L,=22x10"m A, =4dx10"m’
[, =5%10"m, A, =2x10"n’, u, =1500

1

“ﬂp'rf!‘l

Reluctance of the Ist path, §, =

. 16x10™
dnx 107 x1500x 4% 107

AT
=212%10* —
wh

I -1
Similarly §,=—2—= L ——202x10° 27
Wi, 4, 4rx107 x1500x 4% 10 wh
ll' =1
and §; =— 3= habls —=133x10° 2L
Mok, 4, 4rx107" x1500%2x 10 wh
(a) Equivalent circuit bs shown in fig 7.48
(b) Self inductance of each part is given
by, AV
2 2 E|‘":'
L= L s = 4.72 Henry
S, 212x10° §5
3 -+
N (1000) *
Ly 5 =3.43 Hen 17
TS, 292x10° Y | L
N*  (1000)
and L, = = = 7.54 Hen Fig 7.48
YOS, 133x10° L ?
~. Mutual inductance, M=1, = L,, = - .
L+ L+ L
161896
= = 1.031
1569

Example 7.23 : A transformer is delivering power to a 3000 resistive load. To achieve the desired

power transfer, the turns ratio is chosen so that the resistive load referred to the primary is 750082, The
parameter values referred to the secondary winding are.

R, =209, L,=lmH, L, =25mH
R, =206, L,=1mH

Core losses are negligible.
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E =—4b=———=4.4 N volt
e _\&' ﬂ.ri 4. f N vo

This is the emf equation of the transformer. If N, be the primary number of truns, then the rms values
of induced voltage at primary is given by,

E =444¢,_ 7 N, volt
Similarly, the rms value of the induced emf at secondary is obtained as,
E,=444¢_f N,volt
7.22.4 Voltage Transformation Ratio
Emf induced at primary is E, =4-44¢, N, volts
and emf induced at secondary is E, =4-44¢, f N, volts
E, N,
"E W,

The ratio N, / N, is known as veltage transformation ratio. 1t is represented by K. Thus voltage
transformation ratio is defined as the ratio of secondary winding turns to primary winding turns
and is the same as the ratio of secondary voltage to primary voltage.

G M B

N1 EI
(i) If N, >N, i.e. K=1 then the transformer is called step-up transformer.
(ii) ITN, <N, i.e. K<I then the transformer is called srep-down transformer.

7.22.5 Ideal Transformer

It is an imaginary transformer which has the following properties.

(i) The primary and secondary winding resistances arc negligible, hence there is no resistive
voltage drop and no resistive heat loss.

(i1) The leakage flux and leakge inductances are zero, there is no reactive voltage drop in the
windings.

(iii)  The power transfer efficiency is 100% i.e. there are no hystresis losses, eddy-current losses
and heat losses due to resistance.

(iv)  The permeability of the core is infinite so that it requires zero mmf to create flux in the core.

If 1, and /, are the currents in the primary and secondary windings of an ideal transformer
(1.e. having no losses), we should have

Power (volt -ampere) in primary = power (volt-ampere) in secondary.

=EIl =E.
'Ill EZ NI V"
=='_"='__=——=K:—"
"'2 E Jll"'Irl j'I*i

1

i i
¥
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No load input power (i.c. active power) =V [ cos¢,
No load reactive power =V, [, sing,

7.22.9 Practical Transformer on Load

Practical transformer has winding resistance and leakage reactance. When a.c. supply is fed to
primary then there is voltage drop in resistance (R ) and reactance (X, ). So the primary emf £, is less

than the applled voltage(¥, ) . Similarly there is voltage drop in R, and X', so that Rﬂ:uﬂddrytcnmm'l
voltage I, is less than the secondary emf E,,

When the sccnnddry is loaded then secondary current 7, is sct up. The magniludc and phase of f, with
respect to V', is determined by the characteristics of the load. current I, is in phase with V, if load is
non-inductive, it lags if load is inductive and it leads if load is cap“:r:ttwr:

The sct:und"ur}' current sets up its own m.m.f( N,/, ) and hence its own flux ¢, . This flux ¢, opposes
the main primary flux (¢) which is due to J’ The secondary ampere turns (N,/,) are called
demagnetising ampere tums. The opposing sﬂcnﬂdﬂr}f flux §, weakens the primary main flux (0
momentarily. Hence primary back c.m.f £, reduces. For a moment V, increases over £, and hence
causes more current to flow primary. Let lhe additional primary current be /). This current is anti
phase with /,. The additional primary mmf N 1] sets up its own flux ). The flux ¢ is equal and
opposite to flux 0,. Hence the two cancel each uthcr As a result magnetic effects of secondary current
I, are immediately neutralized by additional primary current /}. So we can write N/, = N1

N,

= f;:

= 1] =Ki,

Hence when transformer is on load, the primary winding has two currents, onc is I, and other is /.

w]nch is antiphase with 7, and K times in magnitnde. The total primary current ([, }r-; the vector sum
of f and [/

. fl=I2+fﬂ R, X, ! !
r AN —— T T . AN ——— T

. =
I’F
-

Cxor

Vi Ro Xo Vi

Fig 7.39

The I"g‘? 39 shows the equivalent circuit of the transformer referred to the primary side. From the fig
7.39 it is clear that the primary current on load is the vector sum of no load current (1, Jand sccondary

344
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(a) Determine the turns ratio

(b) Determine the input voltage, Current and power and the cfficiency when this transformer is

delivering 12W to the 300Q2 load at a frequency = 10,000/2x HZ.
Solution : Load resistance = R, = 300 ohms

Load resistance referred to primary side = R, =—=-= 7500 ohms

R
T
R =20 ohms, R, =20ohms, L, =1 mH, L,=1.0mH
Magnetising inductance L = 25 mH

Out put power = 12 watts

Supply frequency f= lﬂzﬂ HZ
s

10000
. W=2nf =1TI:(T}= 10000 rad/sec

X} =wL =10000x10" = 10 ohms

X, =wl, =10000% 107 = 10 ohms and X'} =wL,, =250 olms
The equivalent circuit of the transformer referred to secondary side is show in fig 7.49
X, R

. X,

i
WA Y I
1 I ¥
y vi g% V: ¥R,
Vi () J
Fig 7.49
R
a R =—=%
@  R=%
R
= K= -‘I— =2
RI‘.
s N1
Tum ration = —=—=35
., K
(b) Assuming output voltage V5 to be the reference vector.

V, =R, P =,/300x12 =600=6020" volts
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Thus we find that the current is transformed in the reverse ratio of the voltage. I a transformer steps
up the voltage then it steps down the current. Similarly if a transformer steps down the voltage then it
steps up the curment

7.22.6.Practical Transformer

Practical transformers are far different from ideal transformers The practical transformer has (1)
W mi_!m;_' resistances, (n)d I-::ul:np:;‘ reactances, (i) ron losses

(i) Winding resistance :

In actual transformer the winding. (both primary and secondary) consist of copper conductors, so o
posses resistance. The pnmary resistance R, and secondary resistance B, act in senies with the
respechive windings as shown fig 7.33

b — S R
- { i AW 0
! E: : 3 b T I v |
Vi - =
;—i AN o
Fig 7.33

(ii)
In the ideal tansformer, we assumed that all the magnetic flux proadueed by pnmary windming links
both the primary and secondary windings. But in actual transformer a portion ofthis lux s diverted to
the surroundings. 11 is because the surrounding medium (aie or o1l) has a defimite permeability. This
small portion of the flux which traverses an external path 15 knownas pnmary leakage tlux ¢ |
shown in fig 7.34 (a) This flux ¢,, Links only the pnmary and induces an emf £ in primany

Leakage reactance

1%

The secondary current /. produces a flux ¢, which opposes the mam Muxd A portion of this Nux o
15 also diverted to the surrounding, This leakage fux is called secondary leakage ux (& ). It onls
links the secondary tums and induces anemf £, . in the secondary. The tlux which passes completely

through the core links both in windings 1s called mutual flux and s shown s 0 in 1ig 7 34 (a)
_om
F -
iy b ope—— X, o X
3 By S e
vidlad vialaty Vi B T S|E: W
. L 1 L £ E I - — —: E-' -— )
o = bRk 1 ———) ] [ | - e
Vg Rl 4 » '
/[ / ' N
S, s .
{a) - (14}
Fig 7.34
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current referred to primary side {I; ). The vector diagram showing [, , 1., I, and I, for different
power factor loads is shown in fig 7.40.

L S "4
‘.1.‘__,, 1,
of /i
A=, :
¢
9!
I 7 I
Va Vi
(a) for lagging load (b) for leading load
Fig 7.40

Example 7.18 : For the circuit shown in fig 7.41, assume that V. = 120 volt rms. Find (a) the total
resistance seen by the voltage source. (b) The primary current (c) The primary power.

10
WA——7141 Z

v " V, 3 160

Fig 7.41

Solution : Given primary voltage V', = 120 volts

R, =1 ohm, &,= 16 ohm

Tumraliu=-—'=l =L
i R.‘
N :
K=l2 oy
N, ¥
16
R.-L; *E,z? ='I-a =] Ohm Fig 7.42

(a).. The total resistance seen by the supply side (primary) = R + R; = 2 ohms

'

b Primary current /, = ———=60 A
®) i ' R, +R!
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]
.rz =£=M=ﬂ,2 200 A
R:. a0

Vi=v,+1,(R,+jx,)=60£0°+0-220" (20+10)
=60+ 4+ j2 =64+ j2=64-031£1-8"  volt

. v!  64-031£1-8°

"Tjxl T 250.290°

w1 =1+ 1 =0:2£0° +0-256 £-88-2°
= 0-2+ 8-041x 107 —;0-255x 107
=0-33£-50-9 A

V! =0 (R +jx; Y+ V]
=0-33£-50-9 x (20+ j10) + 64 + ;2

=(.256 £ —-88-2" A

=170-72 £-0-84°
Taking magnitude only input voltage V, = V' /&
= % = 353:-6£-0-84 volis

s, =1 K =033%02=0066 £—509 A
Angle between ¥, and I, = 50.9 - 0.84 = 5006

Input power to the transformer = F, [, cos¢
= 353.6 % 0-066 X cos30.56

= 14-98 wifs

. oulpul 12
% = = = 0-80 = 8B0%
Efficiency input 1498 0

Example - 7.24 : The high voltage side of a transformer has 750 turns, and the low voltage side has 50
turns. When the high side is connected to a rated voltage o 120 volt, 60 Hz, a rated load of 40A is

connected to the low side.

Calculate : (a) The turns ratio

(b) The secondary voltage (assuming no internal transformer impedance voltage drops).
(c) The resistance of the load.

Solution : Given that, N, =750, N, =50,V =120 volts

S =060Hz, I, =404
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It shu!.fld be noted that the induced voltages £, and £, , due to leakage flux 6 ¢ and o, are different
ﬁ'ﬂllllr induced voltages E, and E,. As the leakage flux linking with each winding produces a
scl!»mdif:cd emf in that winding, hence the effect of leakage flux is equivalent to an inductance in
series with cach winding, So a practical transformer has inductive reactances A, and X, connected in

series with primary and secondary windings respectively as shown in fig 7.34 (b). The reactances X,
and X', are called as primary and secondary leakage reactances,

(iii) Iron losses

As core of the transformer subjected to alternating fMux, there occurs eddy current and hystersis loss in
il. These two losses arc known as irom loss (or core loss). The iron losses depnd upon supply

frequency, maximum flux density in the core and volume of the core. Its value is less in practical
transformer.

7.22.7 Impedance Reflection and Power Transform

To make transformer calculations simpler, it is preferable to transfer voltage, current and impedance

either to the primary or to the secondary. In that case, we would have to work in one winding only which
IS more convenient.

(i) Equivalent values reflected to primary ;

Let R, is the resistance of secondary winding. R) is the resistance of secondary windin greflected to
primary. This reflected resistance R} should produce the same effect in primary as R, produces in

secondary. Therefore power consumed by R} when carrying the primary current is equal to the power
consumed by R, due to secondary current,

(1) R, =12R,

1, i
- | — ")

b

= R, =[

Where /} is the current of secondary winding reflected to primary winding. This current / 3 isused to
counteract the demagnetizing effect of secondary current /,.

Therefore N, I, =N,l,

I N,
= —— = ——
'ri HI
I N,
=:*pjr—2 =K —= =K
I N,
= I} =K,
Putting this value in equation (1) we get,
| R
I i = facetr 2
R! . H! Ri = K?
340
WoITe
P
boavinad NN
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(c)

The primary poweris=1" (R, + R})

=(60)°(2)=7200=7.2 Kw

Example 7.19 : An ideal transformer is rated to deliver 460 KVA at 380V to acustomer as shown in
fig 7.43.

(a)
(b)

(c)

(d)
(€)

How much current can the transformer supply to the customer ?

If the customer’s load is purely resistive (i.e. p.f=1), what is the maximum power that the
customer can receive ?

If the customer's power factor is 0.8 (lag), what is the maximum usable power the customer
can receive ?

What is the maximum power if the pfis 0.7 (lag) ?

If the customer requires 300Kw to operate, what is the minimum power factor with the given
size transformer ?

: z
. %H % ‘: Customer’s
! ” : Load
+ Idcal ; Customer
Transformer
Fig 7.43

Solution : Given that I/, = 380 volts
Maximum apparent power output of the transformer is = 460 KVA,
Since the transformer is ideal, ¥, 1, = V,I, =460x10"Vd

(a)

(b)
(€)

(d)
(e)

460x10° 460 x 10
v, 380

Supply current to the Customer (/, ) = =121x10° 4

For resistive load cos ¢ = |

Power output =V,/, cos® =460x10" x 1=460x 10" watts
When cos ¢ = 0.8 the maximum out put power = 460x10" x 08 = 368Kw
When cos & = 0.7 the maimum out put power = 460x 10° x 0.7=322Kw
Required out put power = 300Kw

. Minimum power factor required for the load

V,1,cos 3
_Vyl co80  300x10 — 065
V.1, 460% 10°

Costd
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N
(a) Tumn ratio = EF'— = El? =15
N
(h] 1_1'=.V_2
N, V
= V= FI Vo= % x 120 = 8 volts
|

r
3

(c) Load resistance, R, = I' = iﬂ = 02 ohms
%

Example - 7.25 : The high voltage side of a step-down transformer has 800 turns and the low voltage

side has 100 tums. A voltage of 240 v AC is applied to the high side and the load impedance is 3 £
(low side). Find

(a) The secondary voltage and current,

(b) The primary current

(c) The primary input impedance from the ratio of primary voltage to current,
(d) The primary input impedance.

Solution : Given that, N, =800, N, =100, V', =240volts, R, = 3 oluns

v, N
B) S=—

I1 I|IIIIIII.I

N 100
=:'F3 ‘—‘l"f, ?:=24U}Cﬁ=3ﬁ volts
v
L ik 20 Xy
= L 3

: i | 10
(b) Total mput current /, = K/, = 3 x10= ry A

j.-'
(c) Input impedance seen from the primary side = — = 249 = 192 ohms

10/8

(d) Considering the transformer to be ideal ie. R, Koy X

1 and X, being neglected, only
impedance available on the secondary is R [ = 3 olmis -

Im pedance of the transformer seen JSrom primary side

- RJ’- 3
Z, = E_-z— &= (I!E}I = 192 ohms.

Example 7.26 : A2300/240volt, 60 Hz, 4.6 KVA transformer is designed to have an induced emf
of 2.5 v/ turn.  Assuming an ideal transformer, find

1352

Downloaded from www.LectureNotes.in. Contributed by Dr. RAMAPRASAD PANDA


https://lecturenotes.in/advt/click/note/121831/2
https://lecturenotes.in

PRINCIPLES DF ELECTRO-MECHANISM

Let X, is the reactance of secondary winding
X! is the reactance of secondary winding reflected to primary as shown in fig 7.35.

This reflected reactance X', should produce the same effect in primary as X", produces in secondary.
Therefore reactive power absorbed by X'} when carrying the primary current is equal to the reactive
power absorbed by X', due to secondary current.

& [y x=Dbx, Rcacﬁvapowcr=\fISinﬁ):IZ-l-%:FJ&’

—
[
=

[ ¥
[N
e

L]

Let R, = effective resistance of the whole transformer referred to primary.
=primary resistance + secondary resistance referred to primary

=R, +R,
i R‘:
=R, + 'E'f'
Similarly X, = effective reactance of the whole transformer reffered to primary.
=X, +4X,;
Z, = effective impedance of whole transformer referred to primary.
= primary impedance + secondary impedance referred to primary.
=Z +Z) -
R o X:
=z| +.-z_=_ R, i K: Xi h"_l\::
——AM— AW —— T —— T
K"E
AlsoZ, =R, +jX, »° T
Zo\ =\I|R:':L+an1 [ —
” - Fig 7.35
(i1) Equivalent values reflected to secondary

The equivalent values reflected to secondary can also be found in same manner.,
R,, = effective resistance of the whole transformer referred to secondary.
= secondary resistance + primary resistance referred to secondary,

=R,+R| o R =R,
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Example 7.20 : For the ideal transformer shown in fig 2.5:1 -
7.44, consider that ¥, (t)= 294 cos (3771) volt. Find (a) woe | |° i
Primary current, (b) V, (1) (c) Secondary power (d) I
The installation efficincy Py, / Prasee - V(0 B8 Zu0 VO
Solution : Given that supply voltage V, (1) = 294 cos l
377t volts. o
N Fig 7.44
Tum ration =—"- =2.5
N!
R, = 100 ohms, R, = 25 ohms
R, N
(a) R,=—= = -=15625 ohms (where K=—%= nl—}
2K (1/25) N, 25
Maximum value of primary current = o e 11474
o g R +R, 100+15625
Instantaneous value of primary current is i, (1) = 1.147 cos ITHA
: i,(r) 1-147cos37Tt
® HOZ% 1725
o V() =iy(OR,  =T1.68 cos 377t volts.
(c) Secondary power P, =1, ¥, cos¢
286
7. = rums value of sccondary current = —z= 202A
: V2
7168
¥, = rums value of out pul vollage = —p = 50.68 volis
Cosd=cos0=1
. P,= I, ¥, cosg= 202 % 5068 1 =10237watts.
294 1147 _
(d)  Input power (F )=V, 1, 2 x—:ﬁ— = 1686 1want
Cos &= 1 for resistive load and ideal transformer.
- 3. 10237
= Installation efhcicne P ____l <361
=(.607
= 60.7%

347
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(a) The numbers of high-side oms N, and low side tums v,
(h) The rated currem of the ligh voltage side 7
(c) The transformer ratio when the device 1< used ag a step-up transformer
Solution : Given that 17 = 2300 wolfs
I"'_ = 240 valrx f = 60Ff:

Rated Power = 4.6 KVA

b

Induced emf per wum = 2.5 volts

: . K 2300
{a) Primary tums, N, = -
25
: 240
Secondary tums, N, = e TS

= 4

rated KV ~ 46 % 10"

(b) Pnmary Cuwret) = ————— = —— =24
Jr. 2300
d > ; - " 240
(c) Transformation rmtio = K = — = = = 01043
v, 2300

Example-7.27 : A transformer is used to match an 8 ohm loudspeaker 500 €2 audio line: What s the
turns ratio of the transformer and what are the voltages at the primary and secondary terminals when
10 wart of audio power delivered to the speaker 7 Assume that the speaker is a ressstive load and that
the ransformer s ideal.

Solution : In this problem a tansformer is used for impedance matching whose turm ratio is NN,

Given that, R, = R, =500 ohms
R, =R, =8 ohms &
.
Assuming the transformer is 1o be ideal. - N
Tomatwch R, withR, we must have R ;
~—AMA———0 e —
HJ = R_,‘I i : -":r-\-\
e ; ] f Loy
— I -‘l i 1 -' e
= & =&, :::f s : § ) Speaker
R 5 ' : S’
= 500 = —- { : : R, = 84}
}_:.. S — ) L
(k. [ Fig 7.50
= K=,— = 'f' = (0126 .
V500 — \so0

; _— Eg'“’k i
S Turn ratio = e L) ?Yb b\g ¥\ . e"'lP o
Eyon, 353
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7.23.Electro mechanical Energy Conversion

Electro- magneto mechanical devices are those which converts mechanical forces and displacements
to electro-magnetic energy and vive versa. In this section we shall discuss the basic principle of
energy conversion in clectro- magneto mechanical system in applying the devices like, energy
transducers..

A transducer is a device which converls mechanical encrgy to electrical engergy or vice versa.
Accurately the transducer which converts clectrical to mechanical encrgy known as actuator and
those which converts mechanical energy to clectrical energy known a sensors, The transducer has
wide applications in controlling large systems such as electrical power systems, robotics, processing
industry ete,

Conversion of electrical to mechanical energy and back is based on the following effects.
(i) Piczo- clectric effect.
(i1) Electro-striction
(iii)  Magneto - Striction
Piezo- electric effect is the process in which the change in electric field takes place with presence of

strain in certain crystals such as quartz.This change in electric ficld is utilised for gencrating an
electric signal.

The electrostriction is an effect in which there is a change in the dimensions of certain materials will
lead to change in the clectrical properties. Similarly magneto- striction is an effectin which change in
dimension of certain material changes its magnetic properties,

These effects lead to intresting applications such as current sensor voltage sensor, speed sensor ete.

7.24.Forces in magnetic structure e
. . 1 s
Mechanical forces can be converted 1o electrical signals by ’;‘ l i |
means of the coupling provided by the cnergy stored in ! o
magnctic field similarly clectrical signals can be converted to ‘; Coupling Field o
mechanical forces by means of the coupling provided by the ' L J
energy stored in magnetic field,. How ever some losses takes ": ¥
place during this conversion such as resistive losses and [riction Mechnnical Sysich
losses . The fig 7.52 shows the flow of energy in both cases.
Fig 7.51

Electrical Resistive | Magnetic | Friction "| Mechanical

input/output |, losses |, Core losses |, losses | input/output

Fig 7.52

Now let us discuss some of the applications in electro - mechanical energy conversion’.

Downloaded from www.LectureNotes.in. Contributed by Dr. RAMAPRASAD PANDA



https://lecturenotes.in

Techie Work | Talented Colleagues | Cool Workspace &mfndﬁre

High Salary | Helpful Leadership

FUAN FTGNORNANCT

PRINCIPLES OF ELECTRO-MECHANISM

7.25 Moving iron transducer

Moving iron transducer is an electromagnet which consists of a U-shaped element and a bar.
The U-shaped element is fixed and bar is movable.

The Principle of M.1 transducer is that for a mass to be displaced, some work needs to be done, this
work corresponds to a change in the encrgy stored in the electromagnetic field, which causes the mass
to be displaced.

] o

Fixed Fixed
T Fe
i
Movable Bar 4 Fe -1_
Movable Bar 1 ¥
(a l
: Fig 7.53 (b) F

When current i flows through the coil, then U-shaped eclement behaves as a magnet which attracts
the movable bar as shown in fig 7.53(a). Let Fe represents the magnetic force acting on the bar. If the
bar moves through a small distance x against the magnetie force Fe then some mechanical work is to
be done, It is shown in fig 7.53 (b)

The interaction between the electric and mechanical terminals & i.c the eleetro- mechanical energy
conversion, occurs through the medium of the magnetic stored cnergy . According to Law of
Conservation of energy,

Electrical encrgy input = increase in stored energy + mechanical work done by the system.
Let dx = Small displacement of the bar in small time dt .
Amount o’ mechanical work done in time dt is = F_ - dy
Amount of eleciric work done in time dt is = ei.di
Amount of energy stored in time dt is =dI¥_ (say)
Putting these above values in equation (1) we get ,
ei-di=dW_+F, -dx
=F dv=ei-di—dW,_

ﬂFc-ri‘c=(ﬂ]F-rﬁ—dﬂ’m ‘.'E=f£t
dlt dt
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=F, .dx=i-d\—dW¥,

. di nrH’*_
=fF =f—-
dx dx
=F, =L (A -W,) =W @
“ dy "Lodx

Where W) = it —W,_ = co-energy (a fictitious quantity but sometimes usecful)

The relationship between flux linkage A =( N¢) and current  is non -linear, and might be described
by a curve as shown in fig 7.54
&

Let OP = }‘T“
and OR =i p 0
Area of OPQR= length x breadth Field energy. W, - Co-energy

=0PxOR

_ W,
= lf o
0 R 35

Area under the curve = area of OQR Fig 7.54 :

= W! = co - encrgy
Area above the curve = area of OPQ =W, = field energy stored.

Area of OQR = area of OPQR - area of OPQ
= W!=N-W,

If 2 and i relationship is linear then, arca of OPQ = area of OQR
=W = W"'J
Equation (2) becomes,

e el
F=—W =—Ww ...
i il (3)

Equation (3) stating that the magnetic force acting on the moving iron is proportional to the rate of
change of stored energy with displacement, applies only for lincar magnetic structure.

But energy stored in magnetic structure is given by,

1356
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ey s
=%(N¢}i
=5 (M)
= 2(65)(6) e
= NI =¢85
=_;.¢=s .................... @)

Equation (4) stating that stored energy related to reluctance of the structure.
Putting this value in cquation (3) we get,

all o ds
F =—|=-¢S|="——
E d\'[2¢ } 2 dx

This is the expression for magnetic force acting on movable iron bar.

The force acting to pull the bar is ,

—&° ds
F=-F = . L
2 dx
Note : For a magnetically - linear system , the ficld energy and co energy are numerically equal;
P
%%— = 2 Li*. Foranon- linear system in which X and i (or B and H) are not linearly proportional , the

two functions are not even numerically equal. A graphical interpretation of the energy and co energy
for a non -linear system is shown in fig 7.54. The arca between the A curve and vertical axis ( area of
OPQ), equal to the integral of i.dA, is the field energy. The area to the horizontal axis (area of OQR)
given by the integral of A.di is the co energy . For this system ficld energy + co energy = Ai

7.26 Moving Coil Transducers

A moving coil transducer is a classical example of elctro mechanical transducer. The example of such
class of transducers are microphones, loud speakers (small power application), motors, Generators
( medium and large power application) . To understand the principal of operation of such transducer ,
consider the figure 7.55 shown below.

The arrangement consists of a sliding conducting bar of length *I” in an uniform magnetic ficld of B
whni® with a pair of Support bars. 1fa current i will be allowed to flow in a conducting bar then a
force will act on the conductor whose magnitude in given by F =Bil Sinf,
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sinB=1, as 0 is the angle between magnetic field and direction of current which is in this case
90" The direction of the force is given by Fleming's left hand rule.

In the above example if the current in the conducting bar flows bottom to top than the force acting on
the conducting bar will move from right to lefi.Similarly if the direction of current is from top to
bottom then the sliding bar will move from lefl to right. The same principle is applicd in the
operation of a motor.

* % o® % w x % x x Suppors for the

HoOX X R oM N x ¥M ow
WO W W ow w s W w Cﬂﬂdl‘lt[ing bar R I R R T O
o % 3 X X ¥ % w % %
S 1 k x x x AE -3] 2 ®oo :-_'..- R S [
o S | B x M X e % % ='*:'.e' X K w W%
w.x % % | Tk % = x g x o%x (%t E ox ox ox ox|x=

Condugling bar == l™u » »x INE | F5 &5 x x x x|x
B field poiiitinig L "'E SRR 1{ i
into lﬁc ﬁagcx ™ + o oW W = b :‘." b A T A -
o OCEME W G %n i} b S 4 R S S A S

i i i jg,fmr%ﬂ.ﬁﬁfﬂ s MO M OX MO M MO

B S A oan el indEE RIS O OME W X X N M

oUW UM o w Be ¥ M M. Mae M MOUDE M M o B

Fig 7.55

Similarly this arrangement can be used as a sensor i.e by applying a force on the sliding bar will
generate a current in the same bar where magnitude of the current is given by i= &

¥
Where r is the resistance of the current carrying path and e is the induced emfinthe bar given by
Faradays law of electro-magnetic induction. Magniude ol induced emf e = BIV ., Where V is the
velocity of the sliding bar produced due to applied external force. The direction of ¢ is given by
Flemings right hand rule.

In the above arrangement if the sliding bar is moved with a velocity V from lefi to right then the
direction of current in the sliding bar will be from bottom to top the direction of current will reverse
when the bar moves from right to lefi.
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1] QUESTIONS SOLVED [

cability and reluctance in a magnetic circuit ?

(N What is he relation between perm
( 1st Semestar 2003)
Solution : Reluctance is inversly proportional to the permeability.
l’ iy = i ¥, *| e ST
Reluctance (s) = ( -+ I = length of magnetic circuit.
HoH, 4 A = Areaof cross—section of the cirenit.)
(2) What is the Secondary to Primary tums ratio of a I-phase transformer excited by 230 volts ac
supply with 12v outpul voltage at no load ? ( Ist Semestar 2003)
N 12
Solution : —=— = 00521
N, 230

(3) An iron ring of mean length 50 ¢m has an air gap

current of 1 A flows throug
iron is 300. ( Ist Semester 2003 )
Solution : Let a= area of crass-section of the iron ring.
I, =length of air gap = 107" m
I = length of iron path = 50 % 107 m
N =200
I1=1A
Reluctance of iron path, S ! Sox
eluctance of iron path, §, = — =
cae E C G, @ Arx 1077 x300xa
_ 1326963 AT
B 7} wh
. b 1077 79617 AT
Reluctance of airgap, §_=— - = 7 R = T
g W,“ an % W0~ @ a wh
2123141 AT
Total reluctance § =8 +5_ = -E M
; € I wi

of 1 mm and a winding of 200 turns. A
h the coil. Find the flux density. The relative permeability of the

80
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I.’
Given, Yo oS0
vV, 100
= I’,=£ V =ﬂxlﬂﬂ=5m’
100 100
¥,
Also, = = S0
F, 200
= v, =y <2050 210007
10 -~ 10
14. Justify the use of high permeabilities magnetic materials in electrical equipments.

(1st semester 2005)

Solution : Reluciance, § =

'|=|-..
=

clearly, d o
Therefore higher permabilities will produce more flux for same ampere turns.

15. A Core of cast steel has a cross -sectional area of 10Cm” andan average length of 35 Cm with
a lmm air gap. It is wound with 200 turns of wire carrying a current of 3A. determine the total
magnetic flux in the air gap if the relative permeability of cast sieel is 1000,

(st semester 2005)
Solution : Area of cross-section of core, a=10x10"" m?
Length of core. [, =35x 107 m

Length of air gap, [, = 107" m

N= 200
[=3A
1; =2
Reluctance of core, §, = L, > 5x10
p‘nl"‘r“ 4]'1){”] :'([[]ﬂn}(]ﬂxlﬂ_
= 2?3(6xlﬂ*£
wh
'rh' . 1“-3

Reluctance of air gap, § =

Woa  4mx 107 x10x 10~

g w_w_“..__._ T e T e W 0 O O L T T v TNyt e s g S T = - T e e
s

e X Sty o
et iy _..‘.-_-"_ ]-'\.- 4

Downloaded from WWW. LectureNotesm Contrlbuted by Dr. RAMAPRASAD PANDA



https://lecturenotes.in/advt/click/note/121831/2
https://lecturenotes.in

Y

PRINCIPLES OF ELECTRO-MECHANISM

f= frequency of flux in Hz.
v = volume of material in m” .

(i)  Hysteresis power loss, P =nf B." V watts.
Where V = volume of the material in m’*
f = frequency of magnetization in Hz.
N = hysteresis coefficient whose value depends upon nature of material.
10. An electro magnet has an air gap of length 2mm and an iron path of length 30 cm. Find the

; wh
number of ampere - turns necessary to produce a flux density of 0.8 —-  in the gap. take
L

i, = 1500 for the magnetic material of the electromagnet . (2nd Semester 2004)
! 2x107

Solution : Reluctance of air gap, §, = —— =

p,a 4dux107a
_ 0159x 10" AT

7] wh
. ; 30% 107
Reluctance of iron path, §, = —— = —
B, a 4dunx10" x1500xa
_ 15921 AT
i wih
AT
Total reluctance, S =5+ 8§, =174923/qa .-
1
NI
¢ o
= N =05 =8Bas§
174923
- (08)(a }( )
= 1400 AT.

Jils The eddy current loss in a cold rolled grain oriented silicon steel sheet is 100 w when the
supply frequency is 50 ¢/s. Find the eddy current loss when the frequency is 40 ¢fs the flux

density remaining same, (2nd Semester 2004 )
Solution : Eddy current loss, P o f*
o By
[
P rl o (100)(40)°
= P, == { = s }]] = 64 wutt.
Sy (30)°
363
B R T L o e w
S e e R e
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Solution : E, =220V, f =50 Hz
N, =2000, ¢, = 0003 wh
(i) E =444 f ¢ N,

E, 220

A s D ... SR, -,
TS Gaa r o, 244 (s0)0003)

(i)  E, =444 [ ¢, N, = 444 (50) (0003)(2000) = 1332

23. Write down and explain the expression for reluctance in a magnetic circuit.

( 2nd semester 2006)

Work done in moving a unit magnetic pole once round the magnetic circuit is equal ot the
ampere-turns enclosed by the magnetic circuit.

Mathematically, Hl =NI
= st = NI
1
Ll B )
= NI = — i1 B=—
ap, K, B e
— ¢ = —----‘F Nf - i":'r-{
Al‘lﬂ u'r
= Flux = —ﬂ‘r—

relue tan ce

The quantity %“ " is called the reluctance of the magnetic circuit, 1" and a’ represent length and
4] F

area of cross-section of the magnetic circuit.

Reluctance (5) = ;

ﬂl'illl'l'r

Reluctance is the obstruction possed by the magnetic material to the ow of magnetic flux. Its S.1 unit
is AT wb'

24. What is he expression for induced emfin the high voltage side of a single phase transformer ?
{2nd semester 2006)

Solution : E,=444/% N,
Where, E, = emf across high voltage side.

N, = number of turns of hight voliage side.

g T B A 1, O T I T e ] e . 0 I I iy o e e e B, L P P k) i iy
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NI 200 |

BUI ¢' = -—=m=ﬂﬂﬁ42 a wh
'
00942 i
Flux density, B8 = ¢ = E = 00942 P—:-
a a I
4, The hysteresis loss in cold rolled grain oriented silicon sheet steel is 40 w when the supply
frequency is 50 cfs. Find the hysteresis loss when the frequency is 60 cfs, the flux density
remains same. (1st semester 2003)
Solution : Hysteresis loss, P o [
A _ L
P,
P 4 0
=5 F:=ﬁ=£—w=ﬁﬂnmf
/. 50

5. A single phase transformer has 40 primary and 1100 secondary turns. The net
cross-sectioned arca of the core is 500 em®. 1f the primary winding be connected to 50 Hz,
400 volts supply, calculate the value of maximum flux density in the eore and the emfinduced

in the mzum! ary. (1st Semester 2003)
Solution : N, = 40, N, =1100, f = 50H:

E, =400v,E, =7
We know that emf induced in primary
E =444f N ¢

E, 400

O = Jaar N, ~ 444 (50) (40)

= 0045 wh

Cross-sectional arca of core, A = S00x 10~ »°

Maximum flux desity, B_ = L2 - .. /T8 =09 o
4 500x10 m’
We know that E = N
E, N,
N; 1100
E,=— E =—(400) =
2 N, 1 20 (400) = 11000 voly.
6. An ideal transformer has 90 tums in the primary and 2250 turns on the Secondary and is
connected to a 200 v, 50 Hz Suppl}f._‘ﬁf load aerows the secondary draws a current of 2A ata
p.f. 80 % lagging. ey
360
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=?9.EI?}-:I{}‘A—$

"

Total reluctance, s=§_+§ = 107.483x10° oA,

i

NI (200)(3)

¢= —=5.582x10" wh
S 107483x10
- Flux ¢= 0.5582 m wh.
16. Ona closed iorn core a winding A B C is wound AB= 100 turns, BC = 50 turns. An a.c voltage
of 200 v is applied a cross AB. what is the voltage across AC ? (2nd semester 2005)

Seolution ; From figure

200 _100
Vye 50 Ao
200 v 100 crq:ff
= V,. =100volt BoY
|
V‘IC=V‘H+VM Co ¥ =
=200+ 100
= 300 volts.
17. A magnetic core has a length of 50 em and cross-sectional arca of 16 sq cm, relative

permiability of core material in 1000. If applied mmfis 1000 AT, what is the flux ? By what
percentage the flux will reduce il a saw cut of lmm long is made in the core section ?

(2nd Semester 2003)

Solution : Length of core, |, = 50% 107 m

Area of cross-section of core, a = 16 x 107" m®

NI = mmf = 1000 AT

. _ N _ NI Napp,
(i) Fluxd = =7 = !

5 :
SR I, a
_1000(16x 107 )(4rx 1077 )(1000)
B 50% 107

e

= 4019%10™" wh

i LetS, = total reluctance when a saw cut of 107" m long is made in the core section.
I £

SI = S: + Sﬁ
_ S0x107 —10” 107
I'l'ﬂ i"l'r ""I- H'IJ -"'f
s : -'7';'{1'_'_’ Lt ) -.-__'-_- A -I' ,..-_1.:;:-‘-‘-.". T o Tone cfazan -
et T e _..' T":?-‘I'E'L

s P
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12. The emf per tum of a single phase 6600 v/440v, S0Hz transformer is 12v, Calculate, (i) the

number of turns in the primary and secondary windings, (ii) the net cross-sectional arca of the
core for a maximum flux density of 1.5 wh /m”,

(2nd semesrer 2004)
Solution : f=50H:

E, =444 f N, §,,

=-,-E'—444
N_‘ f{pm

= 12=4441,
12 12

¢y = 444 [ = 4.44(50) = 0054 wh
d 440
1 K = —— = 00667
0 6600
. E,
given, — =12
1
E, 6600
= N, = - 1 550
N
Also, — =K
Nl

= N, =N, K=550(00667) = 37

(ii) Cross-sectional arca of the core in

a:%:%:ﬂﬂEﬁm:
D | I |
Tl it
18 LTS Flin " lUmMS matio

What is voltmeter reading, (supplementary 2004)
Solution :

>~
V=100V g E\f, ggv, di:}']
o

o 200

364 R —

i " e o L e ey R B
- B e T ettt et s E 5

- 1 ¥ ek e o oy T
e LT ety e . . - I

Downloaded from www.LectureNotes.in. Contributed by Dr. RAMAPRASAD PANDA


https://lecturenotes.in/advt/click/note/121831/2
https://lecturenotes.in

BASIC ELECTRICAL ENGINEERING

25. An iron ring has a circular cross-section of 3 cm diameter and a mean circumference of 75 em.
Caleulate the reluctance offered by the iron ring assuming its relative permeability to be equal

to 500. (1st semester 2007)
Solution : Area of cross-scction of the ring
nd®  w(3x107)
4 4

1 =

= T7065% 107" m’

length of ring, /=75% 107" m

i 75%107°

Reluctance of ring, § = =
ap, M, 7065%107 xdnx1077 %500

= 169 x 10° AT

wh

26. A magnetic circuit comprises three parts in series, each of uniform corss-sectional area

(C.S.a). They are,
(i) iron of length 75 mm and C.8.a 60 mm*
(ii) iron of length 50 mm and C.S.a 80 mm’ .

(iti)  an airgap of length of 0.6 mm and C.S.a 140 pun®,

A coil of 3500 turns is wound on part (ii), and the flux density in the air gap is 0.25 T.
Estimate the coil current assuming all the flux to pass through the given magnetic circuit.

(Ist Semester 2007)

Solution : (i) Reluctance of iron of length 75 mm is
& - [ 75% 107
. =

ap, i, 60x 10 xdnx 10”7 x1500

- 6634 x10° AT

wh

(ii) Reluctance of iron of length 50 mm is

I 50x 107
apoH,  80x107® xdmx107" %1500

s, =

= 3317 % 10° AT

wih
(1i1) Reluctance of air gap is,

¢ o 1 __ 06x10"
*oap,  140% 107" x4nx107

370
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PRINCIPLES OF ELECTRO-MECHANISM

Find the instantancous current in the primary when the instantancous current in
the secondary is 100 mA.

Find the primary current and peak flux linked in the sccondary ?

The power delivered to the primary.
(15t semester 2004)

Solution : N, =90, N, = 2250, f =50 Hz

(1)

(ii)

(iii)

E, =200 volts, I, =24, K =i—:=25

Given instantancous current in the secondary, i, = 100 x 107 4
Instantancous current in the primary

isi, =—Ki, ==25%100x 107 = -254

( Negative sign indicates that i, and i, both arc opposite to each other )

Primary current [, = KI, =25(2) =50 4

E =444 7 N, o,

4.44?‘ N, 444 (2:;[9{}} e

=M=

Power delivered to the primary is,
P=V, I cost =E, I cosd=(200)(50) (008) =8KW
What is he relative permeability of a non-magnetic material ?

(2nd semester 2004)

Solution : Relative permeability of a non-magnetic material is 1.

8.

An iron rod 1.8 em diameter is bent in the form of a ring of mean diameter 25¢m and wound
with 250 turns wire. A gap of 1 mm exists in between the end faces. Relative permeability
of iron = 1200. Find (i) the current required to produce a flux of 0.6 m wb. (ii) encrgy stored
in the coil. (1st semester 2004)

Solution : Arca of cross section of iron rod

nd = R{l8x Iﬂ':): = 25434 % 107" m’

s a=

I, = Length iron riong =7(25x 107 ) = 0.785 m

= = 107
I, =Lengthof gap= 10" m
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18.

Solution :

Solution :

20.

Solution : i, =900, /= 50=10""

EEETR ‘5" '_'.-::1- T -h PRy Ly R T T T ool t o ey e, ek g e
5 ‘_4,?,; 'ﬁﬁ , J ;r.-? —“| 5":__ 1 s S AT 4% S Fle A

TN |:|I AT

PRINCIPLES OF ELECTRO-MECHANISM

_ 50x 107 —107 B 0’
T 4mx 107 %1000 % 16x10  4ax1077 x16x107
= 7459% 10° — L
W
., Flux ¢, = Moo 0 a0

S, 7459x10°

1
. Change in flux = 9 ¢¢ = (0666

Percentage change in flux = 0.666 x 100 = 66.66 %

The Primary of a single phase transformer is connected to a 222 V, 50 Hz supply. 1f the peak
flux in the core is 10mwb, what is the no.of tums in the primary ? How may number of turns
are required in the secondary to obtain a voltage of 110V, (2nd semester 20035)

E =222V, f=50Hz, ¢, =10%x 107 wb

E, =444 f N, b,
- 222

= N, = = =
'4441 ¢,  444(50)(10x107)
Similarly, E.=444 [ o, N,
£y 110
N, = = = 4954 = 50
44410, 444(50)(10x107)
19. Calculate the currents in the two windings of a single phase fully loaded transformer of

1000/200 V, 25 KVA rating. Neglect the no-load current,
(Ist semester 2006)

Current in Primary side in

25 % 10°

= =254
: 1000

25 % 10°
200

Current in secondary side is, /, = =125 A

A coil is wound uniformly over a steel ring of relative permeability 900, having a mean
circumference of 50 mm and cross sectional arca of 100 mm®, calculate the reluctance
offered by the steel ring, (15t semester 2006)

m, a = 100x 10w’

Reluctance offered by the steel ring

EE?

b e Tl S R
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v
Given, —1=ﬂ
v, 100
50 50
V,="" F =-—x100=50V
= Y5 T
v
Also, —2=£
v, 200
200 200
L Tah o 1000 I/
& 0 10 s

14, Justify the use of high permeabilities magnetic materials in electrical equipments.

(Ist semester 2005)
Solution : Reluctance, § = -—l_r";ﬁ
i
Flux ¢ = NI=_i__Nap
N /
per
clearly, b ap

Therefore higher permabilities will produce more flux for same ampere turns.

15. A Core of cast steel has a cross -sectional area of 10Cm” and an average length of 35 Cm with
a lmm air gap. It is wound with 200 turns of wire carrying a current of 3A. determine the total
magnetic flux in the air gap if the relative permeability of cast steel is 1000.

(1st semester 2005}
Solution : Arca of cross-section of core, a = 10x 107" m°
Length of core. [, =35x 107 m
Length of air gap, {_ =10"m
N= 200
I=3A

£ 35%10°

Reluctance of core, §_ = 3 3
Mot a  4rex 107 x 1000x 10> 10

AT
= 27866x10° —
¥

i 10°*

Reluctance of air gap, §_= =
. poa  4mx107 x10x10™
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- : L I3 ;
Solution : (i) Since secondary voltage 1", = AT, where K = transformation ration = _ 8 0.5, itdoes

not depend on supply frequency. However frequency on both side remains same. Therefore 7, for 1
=230 volts is given by 17, = 0.5% 230 = 115 volts.

Frequency in secondary side is 40 HZ,
(11) ForV’, = 115 volts, I,= 0.3x 115 = 57.5 volts..
Frequency is 25 HZ,
(1ii) Transformer does not operate on de and hence the secondary voltage 1s Zero,

40, The emf per tum for a single phase, 22007220V | 50 HZ transformer is approximately 15
volts. Calculate

(1) The number of primary and secondary tums.
(1i) The net cross sectioned area of the core, for a maximum flux density of 1.25 whim’
in the core. 2nd semester 2009)
Solution : E; =2200volts, E,=220volts, =50 HZ
E
(i) —-=15
N,
E, 2200
=N, =— il 146.67 =147
15 15
.. 3. 220
Similarly N, = —=—= 14,60 =15
i - A

(i) £ =444/, N,

- N2 ciiee
o = 4441 N, 444x50%147
¢ r

=0, =00674 wb B, = >

y 00677 ;
— Pu =———=0.0539 m"
B, 125

379
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(i) N=250, 6 =06x% 107" wh

!
Reluctance of iron path, §, = d

“’{iur"

0.785
4 1077 % 1200 x 25434x% 107

= 20477x100 AL

wh

I &
Reluctance of gap, §, = —=— = 10
Boa  4mx 107 x 25434% 107°

=33x 10t A7
"
; o AT
Total reluctance ,S= §_ + S, =517T7Tx10° —
W
NI
But =—
¢ 5
@S  06x 107 x 5177 x 10°
= == =124
N 250 £
. No _ (250)(06x 107)
11 Inductance , L = — = : =00
(11) 7 1242 0012 1
Energy stored = -;— LI
= % (0012) (1242)
= (9255 joule.
9, Wﬁte down formulas for eddy current and hystresis loss in a magnetic material, when it is
subjected to an alternating magnetic field, (Ist Semester 2004)

Solution : (i) It is difficult 10 determine the eddy current power loss because the current and

fcsistancc values can not be determined direetly. Experimentally the eddy current power loss
in a magnetic malerial can be expressed as,

P=K_B: 1* *V walts.

Where K, = eddy- current coefficient and its value depends upon the nature of the material .
B, = maximum flux density in wh / m’

t = thickness of Lamination in m.

362
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; [ 50% 107
is§ = = = —~
Mo, a d4rnx 107" x 900x 100x10™
= 4423 x 10" 21
wh
21. A Ring shaped electromagnet has an airgap 6mm long and 20 em” in arca, the mean length of

the core being 50 cm, and its cross section 10 em®. Calculate the ampere- turns required to
produce a flux density of 0.5 wb ni” in the air gap. The relative permeability of iron in 1800,

(Ist Semester 2006)
Solution : Area of cross-section of air gap @, =20x 107" m’
length of air gap, /, = 6x 107 m
length of core, I, = 50x 107 m
Arca of cross section of core, a, = 10 x 107 w?
i _ofiron = 1800
i =3
Reluctance of air gap, §, = —*— = ﬁ::: L
Hea, 4mx107x20x10™
= 0023 x 10° L
wh
l'. =2
Reluctance of core, 5§, = ——— = _?5[}:::1[:. =221 |ﬁﬂ.ﬁ£
Mo, @, 4mx107 x1800x10%10™ wh
AT
Total reluctance, S= S&r +8_ = 2521160651 —'{:-
W

Flux at air gap = Flux density X area of air gap
=05x20%x 107 =107 wh
NI
¢ = 73
= Nl = ¢S =107 x 4423 x 10" = 4423 AT

22, The primary winding of a single phase transformer is connected 1o a 220 V, 50 Hz supply.
The Sculzﬂnci.ﬂr}f winding has 2000 turns, 11 the maximum value of the core flux is 0.003 wb,
determine (1) the number of turns on the primary winding (ii) the secondary induced voltage.

( Ist semester 2006)

e R e et AT St gy Lol il

bl Bl L L RAE P~ ERy iy 5 e g et ¢ mm b g — - n e - A -
= — - .
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=79.617 %10 4t
: "

Total reluctance, s= S, + 5= 107.483x10" "—I
Wi

NI __(200)3)

= =5582%107" w
S 107483%10° e

Qo=

= Flux ¢=0.5582 m wb.

16. On aclosed iom core a winding A B C is wound AB= 100 tumms, BC =50 turns. An a.c voltage
of 200 v is applied a cross AB. what is the voltage across AC ? (Znd semester 2005)
Solution : From figure

200 100
Vo 50 Ao

FC

= V. =100volt BD_{-'__H

Vie =V 4a + Ve Co ¥
= 200+ 100
=300 volts,
17. A magnetic core has a length of 50 em and cross-sectional area of 16 sq cm, relative

permiability of core material in 1000. Ifapplied mmfis 1000 AT, what is the flux ? By what
percentage the flux will reduce il a saw cut of Imm long is made in the core section ?

(2nd Semester 2003)
Solution : Length of core, /., = 50 107 m
Area of cross-section of core, @ = 16 ¢ 107 w’°
NI = mmf = 1000 AT

. _ NI _ NI Nlap,pu,
(1) Flux¢ = s =77 = T
SR M, a :
_ 1000(16x 107 )(4rx 107" )(1000)

e = 4019107 wh
50x 107

(1) LetS, = total reluctance when a saw cut of'l 07%m long is made in the core section.

5, =85_+8§,
_ S0x107 —107 107
Mou, A Mg A

et ALY :_‘_.F_‘ ks =
A ua Blde, s
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f= frequency of flux in Hz.
v = volume of material in m’.
(ii) Hysteresis power loss, P =1/ B." V watts.
Where V = volume of the material in m’
f = frequency of magnetization in Hz.

1 = hysteresis coefficient whose value depends upen nature of material.

10. An electro magnet has an air gap of length 2mm and an iron path of length 30 cm. Find the
number of ampere - turns necessary to produce a flux density of 0.8 l:- in the gap. take
m
i, = 1500 for the magnetic material of the electromagnet . (2nd Semester 2004)
l 107
Solution : Reluctance of air gap, §_ = Eo= e -
foua 4nxl07a
_ 0159 % 10° AT
= a wh
i 0x 107
Reluctance of iron path, §, = — = 2 x
Wi, a dux 107 x1500%a
_ 15921 AT
a wh

Total reluctance, § =8 + 8§, =174923/a

wh
NI
L |
= Nl =05=28aS
49
_ {ﬂﬂ]{a}(-‘—? .23)
1]
= 1400 AT.

11. The eddy current loss in a cold rolled grain oriented silicon steel sheet is 100 w when the
supply frequency is 50 ¢/s. Find the eddy current loss when the frequency is 40 ¢fs the flux
density remaining same. (2nd Semester 2004 )

Solution : Eddy current loss, P o [°

B ol
R
I 100)(40)°
= P, = '_{‘ =I: H,] = 04 watt.
S (50)°
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e o e e [ o U

Downloaded from www.LectureNotes.in. Contributed by Dr. RAMAPRASAD PANDA


https://lecturenotes.in

Techie Work | Talented Colleagues | Cool Workspace Zimfndﬁre

FUAN FTGNORNANCT

High Salary | Helpful Leadership

PRINCIPLES OF ELECTRO-MECHANISM

Solution : E =20V, =350 H:

N, = 2000, ¢, = 0003 wh

(i) E, =444 f ¢, N,
5 E, B 220 _
i 444 [ ¢ h 4.44 (50)(0003) -

(1) E, =444 [ ¢, N, = 444 (50) (0003)(2000) = 1332

23. Write down and explain the expression for reluctance in a magnetic circuit.
{ 2nd semester 2006)

Work done in moving a unit magnetic polc once round the magnetic circuit is equal ot the
ampere-turns enclosed by the magnetic circuit.

Mathematically, Hl = NI
E = NI
13
!
= ¢' = M7 ‘:I.l=£{'lﬂﬂrB:E
afly, K, H a

S el N L M
===
Auuu.

n
P
reluctan ce

The quantity % i, i is called the reluctance of the magnetic circuit, /' and 'a’ represent length and
nrer

area of cross-section of the magnetic circuit.
{
ﬂ,'l-l!l ]‘I'.r

Reluclance (5) =

Reluctance is the obstruction possed by the magnetic material to the flow of magnetic flux. lts S.1 unit
is AT, wh”

24, What is he expression for induced emf in the high voltage side of a single phase transformer ?
(2nd semester 2006)

Solution : E,=444f N,
Where, £, = emf across high voltage side.

N, = number of tmrns of hight voltage side.

369
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50% 107 =107 i 10~
T Anx 107 %1000 % 16%107  4rx107 x16%10°
= 7459 % 10° — g%
wh
. Flux ¢, = i iR —&ﬂ‘= 134 % 107 wh
5, 7459%10°

)
. Change in flux = % = 06606

Percentage change in flux = 0.666 x 100 = 66.66 %

18. The Primary of a single phase transformer is connected to a 222 V, 50 Hz supply. Ifthe peak
flux in the core is I0mwb, what is the no.of turns in the primary ? How may number of tums
are required in the secondary to obtain a voltage of 110 V. (2nd semester 2003)
Seolution : E =22 V¥, f=50Hz,¢,=10x10" wh

E, =444 [ N, ¢,
e 222

N, = 444 [ &, ~ 444(50)(10x107") 7

Similarly, E.=444 [ ¢, N,

B 110

e = = 4954 = 50
2T 44400, 444(50)(10%107)

19. Calculate the currents in the two windings of a single phase fully loaded transformer of
1000/200 V, 25 KVA rating. Neglect the no-load current.
(Ist semester 2006)
Solution : Current in Primary side in
25 x 10
I = =254
: 1000
1

Current in secondary side is, [, = 2519 = 1254

20. A coil is wound uniformly over a stecl ring of relative permeability 900, having a mean

circumference of 50 mm and cross sectional area of 100 nun®, calculate the reluctance
offered by the steel ring, (1st semester 2006)

Solution : i, =900, /= 50x10"" m, a = 100x 107°m*

Reluctance offered by the steel ring

367
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12. The em( per turn of a single phase 6600 v/440v, 30Hz transformer is 12v. Caleulate, (i) the

number of tums in the primary and secondary windings, (ii) the net cross-sectional area of the
core for a maximum flux density of 1.5 wh / m".

(2nd semester 2004)
Solution : f = 50 H=

E, =444 [ N, ¢,
E,
= — = 444

= 12=444f¢,
12 12

— = = ﬂ.[}54 'f
O = 4aa 1 = 44a(50) ==
440
K = —— 200667
) 600
E
given, e
I
I .
Lo B0
12 12
Also, —2 =K
llﬂlif

= N, =N, K=550(00667) = 37
(ii) Cross-sectional area of the core in
¢ _ 0054

=L =——=0036m
B 15
13, o
. 88 38 ¢
T I. T :1 :
= fums ralio e fIMS FALID

What is voltmeter reading.

Solution : = g E g E ¢
V=100V v, v, v/
o
8

(supplementary 2004)

9%y “
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25. An iron ring has a circular cross-section of 3 em diameter and a mean circumference of 75 cm.
Calculate the reluctance offered by the iron ring assuming its relative permeability to be equal
to 500. (1st semester 2007)

Solution : Area of cross-section of the ring

md®  m(3x107%)

= 7065 = mt
2 2 7065107 m

{a =

length of ring, /=75%10"m

: ! 75%107
Reluctance of ring, S = =
aplgi,  7065x107 x4mx 107 x500
AT
=169 x 10° —
wh
26. A magnetic circuit comprises three parts in series, each of uniform corss-sectional arca

(C.S.a). They are,

(i) iron of length 75 mm and C.S.a 60 mm®

(ii) iron of length 50 mm and C.S.a 80 mum®.

(iii)  an airgap of length of 0.6 mm and C.S.a 140 mm®.

A coil of 3500 turns is wound on part (ii), and the flux density in the air gap is 0.25 T.
Estimate the coil current assuming all the flux to pass through the given magnetic circuit.

(Ist Semester 2007)

Selution : (i) Reluctance of iron of length 75 mm is
I _ ! 5% 107

YUag, |, 60 10 x4rx10” %1500

= 6634 x 10° A1

wh

(ii) Reluctance of iron of length 50 mm is

o sl e 50 % 107
Toal M, 80x107% xdrx1077 %1500

= B17x10t AL

wh

_ (i11) Reluctance of air gap is,

06 x10™

/
§. = —= -
apty  140x 10 x4nx 107
w__.,_.,:.....-l- o ¥ BT e s f o oo S
h't'i!q:':ﬁ:j'.::.." -.':-'I l.- 1 ! ¥ s 4 | W X -. ;...' »
P e e ; b L b
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5§ = I 50% 107
Mo, @  4rx 107 x 900x 100x10°°
= adnx ot AL
wih

21. A Ring shaped clectromagnet has an airgap 6mm long and 20 em” in area, the mean length of
the core being 50 cm, and its cross section 10 em®. Caleulate the ampere- tumns required to
produce a flux density of 0.5 wb #" in the air gap. The relative permeability of iron in 1800,

(1st Semester 2006)

Solution : Area of cross-section of air gap a, =20%x107" m’

length of air gap, [ = 6x 107 m
length of core, I, = 50 107 m
Area of cross section of core, @, = 10 x 107 m?
i, of iron = 1800
I =,
Reluctance of air gap, §, = —%— = Py /
Hoa, 4mx107 x20x10™
= 0023x 108 AT
wh
Reluctance of core, §_ = L — = B0 =221 m[}.ﬁﬂ
oM, @,  4rx107" x1800x10%x10™ wh
. — o
Total reluctance, S S'F +8, = 2521160651 -_!
Wi
Flux at air gap = Flux density X areaof air gap
=05x20x 107 =10 wh
Ni
A ¢
= NI = ¢S5 =107 x 4423 x 10* = 4423 AT
22, The primary winding of a single phase transformer is connected 1o a 220 V, 50 Hz supply.

The Secondary winding has 2000 turns.  1f the maximum value of the core flux is 0.003 wb,
determine (i) the number of turns on the primary winding (ii) the secondary induced voltage.

( Ist semester 2006)
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T7.1  What s the flux density in a magnetic field of cross sectional arca 20em by 6 em, if the Aux
density ina magnetic field of crosss-scctional area 20cm 2havinga flux of 3ImWh? [1.5T]

T7.2  Determine the total flux emerging frdom a magnetic pole face havihng dimensions Sem, if

the flux density is 0.9 T. [2.7m Wh]

The maximum working flux denxity of a lifti8ng clectromagnet is 1.9T and the effective

arca of a pole face is circular in cross-section.If the total magnete flux produced is 6.11
mWhb determine the radius of the pole face. [32 em]

A current of 5A is passed through a 1000-turn coil wound on a circular magnetic circuit
magnelic  circuit of radius 120 mm.Calculate(a) the magnetomotive force,and (b) the
magnetic field strength, [(a) S000A (b) 6631 A/m]

Find the magnetic field strength and the magnetomotive force needed to produce a flux
density. of 0.33T in an air gap of lenth 1 5mm [(2)262600A/M (b)39394]

T.7.3
T 7.4

TS

T7.6 Anair gap between two ple pieces is 20mm in length and the area of the flux path across the

gapis 5cm 2.If the flux required in the air gap is 0.75mWh.find the mmf necessary.

123 870 A]

Find the magnetic field strength applied to a magnetic circuit of mean length 50cm when a
coil of 400 turns is applied to it carrying a current of' 1.2 A, 1960 A/m]

T7.7

T7.8 A solenvid 20 cm long is wound with turns of wire.Find the current required to establish a
magnetizing force of 2500 A. [1A]

T7.9 A magnetic field strength of 5000 A/mis applicd to a circular magnetic circuit of mean
diameter 250 mm.If the coil has 500 turns find the current in the coil. [7.85A]

T7.10 Find the relative permeability ofa piece of silicon iron ifa Mux density of 1.3 T is produced
by a magnetic field sirength of 700A/m [1478]

T 7.11 Partof a magnetic circuit is made from steel ul"lungih.cmss sectional arca 1 5em2

and relative permeability 800.Caleulate (A) the reluctance ant (b) the absolute permeability
of the steel.

[(a) T9580/H(b) ImH/m]

T.02A  Asteel ring ol mean diameter Izﬂ@miﬁhrmly would with 1500 turns of wire .When a
current of 0.30 A is passed through™The coil a flux density of 1.5 T (S set up in the
steel.Find the relative permeability of the steel under these conditions, [1000]

T7.13 Amild steel closed magnetic circuit has a mean length of 75 mm and a cross-sectional
arca of 320 mm2.A current of 0.40 A flows in a coil wound untformly around the circuit
and the flux produced is 200p Wh.I the relative permeability of the steel at this value of
currentis 400 find (a) the reluctance of the material and (b) the number ofturmns of the coil
(a) 466000/H (b) the number of turns of the coil. [(2) 466000/H (b) 233]

380
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T 7.14 A uniform ring of cast steel has a cross = I 5 | (as| Steel
cedstional arca of 5 cm2 and as mean 1.6 + _5.=.]—[—-"‘".'-d ———
circumference of 15 cm.Find  the = _.T-"'% — 1| Sillicon lron
current required in acoil of 1200 turns  ~ s ‘/_"f _,7/’Eiiﬂi‘fu el Sl i
wound on thering to produce a flux of & 124 /. ! :

0.8 mWh(Use the magnetization curve 2 fr 7/ % = 1
for cast steel shown of Fig T7.1 £ "*71 v i
[0.60A] é i f.f 7 i B __,_l.-""_;%m_ﬂ
06 / * | -

T 7.15 (a) A uniform mild steel ring has a / - .l
diameter of  50mm and a cross 0Ty J,f“ =
-sectional area of lem2.Determine the ”_jf i |
mmf necessary to produce a flux of 50 7
i Whin the ring .(Use the B-H curve o ¥ :

1000 2000 JHX) 4000 Eﬂm G000 000
Magnetic Field Strength, H(AVm)
FigT 7.1

for mild steel shown on Fig T7.1.(b) If
a coil of 440 turns is wound uniformly
around the ring in part (a) What current
would be required to produce the flux?
[(a) 110 A (b) 0.25A]

T 7.16 A magnetic circuit of cross-sectional are 0.cm” consists of one part 3cm long of material
having relative permeability 750.With a 100 turn coil carryin  2A,find the value of flux

existing in the circuit [.0.195 Wh]

T 7.17 (a) A cast steel ring has a cross scctional area of 600mm2 and a radius of25 mm.Determine

the in the ring .Use the B-H curve for cast steel shown in Fig T7.1. (b) If a radial air gap
| Smm wide is cut in the ring of part(a) find the mmf now necessary to maintain the same
flux in thering. [(2) 270 A (b) 1860 A]

T 7.18 For the magnetic circuit shown in Figure T7.2 find 300
the current 1 in the coil needed to produce a flux of mms?
0.45 Wb in the air gap.The silicon iron magnelic (T
circuit has a uniform cross-sectional arca of 3@ iR {LLH
and its magnetization curve is as shown in Fig T7.1. ' '
[0.83 A :

ot e i -af— Sillicon
T 7.19 A ring forming a magnetic circwtis made from two el
materials; one part is mild steel of mean length 25 emand

cross-sectional arca 4em2 and the remainder is cast iron 30 ot

of mean length 20cm and cross-sectional area 7.5 em
2.Usca tabular approach to determing s cas iron of mean . g

length  20cm and cross-sectional arca 7.5 em2.Use a
tabular approach to determine the total mmf required to
cause a flux of 0.30mWb in the magnetic circuit .Find Fig T 7.2
also the total reluctance of the circuit.Use  the
magnetization curves shown of Figure T7.1.

-

[.5 mm
air gap

[550 A, 1.83 x 106/H]

381

i %

Downloaded from www.LectureNotes.in. Contributed by Dr. RAMAPRASAD PANDA


https://lecturenotes.in

BASIC ELECTRICAL ENGINEERING

T 7.20 Figure T7.3 shows the magnetic circuit ol a realy .\When each of the air gaps are 1.5 mm
wide find the mmf required to produce a Mux density of 0.75T in the air gaps .Use the B-H
curves shown in fig. T7.1. 12970 A]

l \ir ga lem 0,
i"@’[ .‘I.Sc’inp |< "l" fh

L
lem
.
Mild —
steel
armature
-
lem
._1F
0.8cm E

Cast Iron
magnel

FigT 7.3

T7.21 Inthe magnetic circuit shown in Figure T 7.4 the

coil of 500 tums carries a current of 4A.The air

-gap lengths  are gl=g2=0.25cm and

g3=0.4cm. The cross-sectional areas are related

such that Al=A2=0.5A3.The permeability of iron

may be assumed to be infinite. Determine the flux

densitics B1,B2 and B3 in the gaps gl.g2and g3,
respectively. Neglect leackage and [ringing.

[B1=B2=B3=0.387| Fig T 7.4

Alr gap
.5mm

T 7.22 Inthe magnetic circuit detailed in Figure
T7.5 with all dimensions in mm, ealculate
the required current to be passed in the o
coil having 200 turns in order to establish
a flux of 1.28 mWh in the air gpa Neglect ;
firinging ecffect and leakage Mux, The o ; j l

UL

B-H curve of the material is given in :
Figurc T7.6 Permeability of air may be b
taken as  p,=4nx107 Hm. L V=T

[3.61 A P, =g

| 382
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T7.23 A
geometry is shown in Fig T
7.7. If the exciting coil carries
adc steady current lderive an
expression for the force on the
plunger, (b)For the numerical
values/=10A N=3500 turns,
g=3mm,a= 20mm,b=2mm,and
I=40mm,what is the magnitude
of the force?Assumet, =
and neglect leakage. [600N]

T7.24

TT.25

PRINCIPLES OF ELECTRO-MECHANISM

24

il g ]

b=

i

20

16

1 Yo et

4

FR ] 5 B B

Bintesls ———»
1 1
| 1
]
-
|
1
|
i
| |
1
1

04 -1+

=8 =p—q

i i i
¥
= [

1000 2H

3000

HAT/m)———*

Fig T 7.6

solenoid of cylindrifcal

M=o

_— N turn coil

Plunger

An electromagnet,shown in Fig
T7.8 is required to exert a 500-N force on the
iron atan air gap of | mm,while the exciting coil
is carrying 25 A dc. The core section at the air
600mm* in arca.Calculate the required number of
turns of the exciting coil.

(a) how many turns must the exciting coil of the
clectro magnet of Fig T7.8 have in order to
produce a 500-N{average) force if the coil is
excited by a 60-Hz altering current having a
maximum value of 3535 A? (b) Is the average
force frequency-dependent 7

[(a) 65 turns, (b) no|

[65 turns] Exciting coil N

Cylindrical
+f core

a=mean radius of sleave

Fig T 7.7

Core,ll=2gc2

25A

g

o2

‘
I
E

\\*ﬂ
Irom M

Area of cross section, 600mm’°
Fig T 7.8
383
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T26. A magnetic circuit with auniform cross-sectional arca of 6em’ r.*nm;i_sl‘_-; of il_!i[ﬂ:ﬂ ring with
amean magnetic legth of 80 em and an air gap of 2mm.The magnetising winding has 540

ampere-turns Estimate the magnetic flux produced in the gap .The relevant points on yhr
magnctization curve of cast steel are:

B(Wb/m*): 0,12 0.14 0.16 0.18 0.20

H{AT Im): 200 230 260 290 320
[0.1128m Wh|
T 7.27 A transformer having a tums ratio of 8:1 1 supplics a load of resistance 50€) | Determine the
equivalent input resistance of the transformer. 3.2k Q]

T7.28 What ratio of transformer tumns is re

quired to make a loaad of resistance 30 appear to have a
resistance of 2702 ?

3.1}
T 7.29 A single- phase, 240 V/2880V ideal transfore is supplied from a 240V source through a

cable of resistance 3€. If the load across the secondary winding is 720 €2 determine (a) the .
primary current flowing and (b) the power dissipated in the load resistance

I(2) 30 A (b) 4.5k xy)

n amplifier which has an effective output
¢ coupling transformer, [1.8]

T 7.30 A load of resistance 768 Q is 10 be matched 10 a
resistance of 120, Determine the tums ratio of th

T7.31 Ana.c source of 20V and imemal resistance 200 i matchied to a load by & 16: single- phase
transformer . Determine (a) the value of the load resistance and (b) the power dissipared in
the load.

[(2) 78.13 © (b) 5m W]

.The primary and secondary
corresponding  leakage reactances
a) the equivalent resistance, reactance and
and (b) the phasc angle of the impedance .

() 0.920,3.0Q 3.140( B)72.95 <|

igle-phase transformer has 50 secondary windings
ry current, (b) the number of primary tums , and (¢) the
[(2) 37.5 A, 600A (b) 800 (¢) 9.0 mwh |

T 732 A transformer has 1200 primary turns and 200 sccondary turns
resistances are 0.2Q and 0.020Q repectively and the
arel.2 Q and0.050 respectively, Caleulate (
impedence referred 1o the primary winding ,

T 7.33 AGOD kVA,1600 V/100 V.50 Hz, sin

Calculate(a) the primary and seconda
maximum value of the NMux.

T 7.34 A single -phase .50 Hz transformer has 40

cross-sectional arca of the core is 270 em2.When the primary winding is connected to g
300volt supply, determine (@) the maximum value of the flux density in the core,and (b) the
voltage induced in the secondary winding. () 1L.257T () KRR

primary tums and secondary tumns. The

T7.35 A single-phase 800V/ 100V,50 Hz transformer has a m

and an effective cross-sectional area of 60cm?.
primary and secondary windings,

aximum core flux density of -1.204T
Caleulate the number of ums on the

[464,58]
384
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T7.36 A33IKV/110V,50Hzsingle -phase transformer is to have an approximate e.m.[ per turn of
22V and operate with a maximum flux of 1.25T.Calculate (a) the number of primary and
secondary turns.and (b) the cross-scctional area of the core, [(a) 150,5(h)792.8 em2]

T 7.37 A single-phase transformer has 2400 turns on the primary and 600 tuns on the
secondary.Its no load current is 4A at a power factor of 0.25 lagging. Assuming the volt drop
in the windings is negligible ; calculate the primary current and factor when the secondary
current is 80 A at a power [actor of G-86oF0.8 lagging. fwr':"' [23.26A,0.73]

T7.38 Anideal transformer is rated 2400 v/240 V. A certain load of 50 A, unity power factor , is to be
connected to the low- voltage winding . This load must have exactly 200 V across it . With
2400 V applied to the high- voltage winding, what resistance must be added in series with the
transformer , if located (a ) in the low voltage winding, (b) in the high- voltage winding ?

[(2) 0.8 0.82:(800)

385
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AC Network Analysis

In previous chapters the voltage and current sources were umidirectional (DC). In contrast, many
electrical networks of practical importance are excited by AC source. The most common example of
an AC network is electric power network containing power generating stations, transmission lines,
substations etc, Where as AC is.an abbreviation for allemating current, implying a periodic reversal of
directions(of current or voltage). In this chapter we will restri€t our attention to quantities varying
sinusoidally i.e. the voltage V" =V _ sinor. Sometime a cosine funetion might be used instead of sine
function.

3.1  Energy Storage Elements

The components of clectric circunts are called ecircuit elements i.c. resistance, inductance and
capacitance. Resistance directly opposes the current and the energy dissipated in over coming this
opposition appears as heat. But capacitance and inductance, both of which lead to the storage of
energy in an electromagnetic field.

3.2  Ideal Capacitor

Ideal capacitors exist only in text books not on real circuit boards. An ideal capacitor is characterized
by a single constant value, capacitance (¢) measured in farads. This is the ratio of the electric charge
(Q) on cach conductor to the potential difference (V) between them ie. C = Q/V. In an ideal capacitor,
the charge (Q) varies only in response to current flowing externally,

An idcal capacitor would not dissipate any power. Real capacitors dissipate a small amount of power
when ever current flows through them due to ohmic losses. An ideal capacitor will never completely
discharge. It will gradually approach zero volls but never quite reach it.

3.2.1 Energy Storage in Capacitors

When a d.c source (battery) is connected to uncharged capacitor then voltage across the capacitor
increases. As a result the capacitor starts (o store energy. During this process capacitor draws a current
from d.c source which is called charging current. This current changes with time. When voltage
across capacitor equals to voltage of d.c source then we say that the capacitor is fully charged. In this
condition charging current is zero,
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During charging period, i = instantaneous value of charging current.

dv = wvoltage between the plates of capacitor increases in time dt seconds.
dq=  Stored charge in time dt seconds.
dgq = Cudv
But dq =i.dt
“idt =Cudv
=i= ﬁf.‘.ﬁ
dt 5
Power supplied in time dt1s, P=vi= v.C?‘
f

W 3 dv
Encrgy supplied in time dtis, W=p.dt=v.C a’_:"dl = vedv
The total energy supplied to the capacitor when the voltage increases from zero to V volts is,
-
I. e
W= |vxexdv==cv* joules.
J o

o
3.3  Ideal Inductor
An ideal inductor has inductance, but no resistance or capacitance and does not dissipate energy. A
real inductor may be partially modeled by a combination of inductance, resistance and capacitance.
As ideal inductor has no resistance s0 a constant current flows through it without causing a voltage
drop. In other words the ideal inductor acts as a short circuit in the presence of DC. When AC flows
through ideal inductor then it produces a resistance (called reactance) which opposes a.c and causing a
voltage drop.
3.3.1 Energy Storage in Inductor di di

Instantancous power entering the inductor at any instant is given by P = Vi = Ld_ “i=Li—
t ot

Energy Stored in inductor is given by, W = IF,dr = Jf.,i.%.dr = IL:‘.:H = %L:" joule,

The energy is stored in the inductor in a magnetic field. This energy depends only on current
magnitude. When the current increases, the stored energy in the magnetic field also increases. When
the current reduces to zero, the energy stored in the inductor is retumed to the source from which it
receives the energy.

3.4 Time - dependent Signal Sources

Generally sources can be classificd as out put with constant magnitude and out put with varying
magnitude (with same polarity or opposite polarity) with respeet to time. The Later type is termed as
time - varying sources (voltages and currents). Fig 3.1 illustrates the convention that will be employed
to denote time - dependent signal sources.

gy o o

V(1) i(0) (D ORT)

a o —_—
(Generalised time-dependent sources) (Sinusoidal source)
Fig 3.1
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One of the most important classes of time - dependent signals is that of periodic signals. These signals
appear frequently in practical applications and are a useful approximation of many physical
phenomena. Fig3.2 illustrates a number of the periodic wave forms that are typically encountered in
the study of cleetrical circuits. Wave forms such as the sine, triangle, square, pulse and sawtooth
waves are provided in the form of voltages (or less frequently currents) by comunercially available
signal (or wave from) generators. Such instruments allow for selection of the wave form, peak
amplitude, and of its period.

A
P Pl P
Time
Time 0 T 2T
] T 2T iT AT s Peass
(Sawtooh Wave) (Square Wave)
A
J"L w ///\ N{t] ‘
x (1) 0 T T Time = Time
2G0T NOEL S 0 T 2T
{Triangle Wave) {Pulse Train)

MOATIR N
N VARV - AV

(Sine Wave)

o

Fig 3.2

3.4.1 Sinusoids

An alternating current or voltage may have any wave shape. But it can be proved that any wave shape
be made up of various combinations of sine waves. Thus sine wave is basic to all alternating currents
and voltages. The quantities obeying sine law are called sinusoids.

Sinusoidal wave forms constitute by far the most important class of time - dependent signals as that
the electric power used for industrial and house hold applications world wide is generated and

delivered in this form of either 50 Hz or 60 Hz sinusoidal voltages or currents. A generalized sinusoid
is defined as follows,

X ()= A sinwt = A sin 2rfl.
Where, A is amplitude, o is radian frequency (angular frequency)
I'= natural frequency (cyeles/sec or Hz)

o = radian frequency = 2nf (radian/sec)

101
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Sinusoidal waves have more advantages than other waves. In transformers and a.c. machines,
sinusoidal waves (sinusoidal voltages and currents) produce least iron and copper loss for a given out
put. These waves produce least disturbance in clectric circuit. Also these waves produce less
interference (noise) in telephone lines.

3.4.2 Generation of Alternating Voltages and currents

Consider a rectangular coil having N number of turns and Am’ cross - sectional area which is rotating
in a uniform magnetic ficld with a constant angular velocity @ =rad.sec”’ When coil rotates through an

angle 8 in time t from x-axis (as shown in fig 3.3) the magnetic Mux (d)linkages through the coil
changes. According to Faraday’s Laws of electromagnetic induction a voltage is generated in the coil.
It is given by,

d§ d
V=-N—==N— W
o > (BAcosB) MR N
d | 1 1 ,'.
:-NaBr‘iccs{t}l{'.ﬁ:.ﬂ‘dmsﬁrmdm =ﬁ} oh ,-'iﬂ/‘
= NBA ® $in OF +.cconnnnne PRI 4 4 70
The generated voltage V = maximum =¥ _, when sin ot o
= maximum = |, s I
sV =NBAw(l)=NBAw -
Putting this value in equation (1) we get,
: Fig. 3.3
V=F_ sinmt
or, V=V, SiNO o R e (2)

From equation (2) it is clear that the _
voltage generated in the coil is sinusoidal.

If this voltage is applied across a load, ] i v
alternating current flows through the , .
circuit  which would also  vary
sinusoidally.

V=V _ sinwt

. I -
The cquation of alternating current IS 0 2r

given by, i = I sint. provided the load is e
resistive.  Alternating  voltage ftnd I

alternating current can be plotted against

time as shown in fig 3.4 7221 (Y

The wvalue of an alternating quantity
(alternating voltage or current) changes
continuously and direction changes in
every half of a cycle.

Fig 3.4
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3.4.3 Definitions Relating to Alternating quantity

(i) Instantancons Value : The value of allernating quantity at a given instant (time) IS called the
instantancous value. It s represented by small letters i.e. i (for instantancous current) and v

(for instantancous voltage)

(ii) Amplitude (Peak value) : 1tis the maximum value of the alternating quantity attained by it in
a cyele. It is represented by capital letiers i.c. I, (for current) and Vi, (for voltage)

(iii)  Cpele: One complete set of positive and negative values of an alternating quantity is known

as cycle.
(iv) Time Period : 1t is the time taken by an alternating quantity to complete onc cycle. It is
represented by T.

{v) Frequency : The number of cycles per second is called the frequency of the alternating

guantity. It is represented by F.
(vi)  Phase : Phase of analternating quantity is the fraction of the ime period that has clapsed since
the quantity last passed through the chosen zero position of reference.

(vii)  Phase difference : Phase difference between two alternating quantities is the fractional part of
a period by which one has advanced over or lags behind the other. To measure phase

difference the frequency of the alternating quantities should be same.

3.44 Average value

The average value of an alternating quantity over a given interval is the swm of all instantaneous
values divided by the number of values taken over that interval. If the alternating quantity
falternating volrage or current) represented by a eurve then average value is equal (o the height of
the curve. The average height of the curve can be calenlated by dividing the area under the curve by

the length of the base of the curve.
Area under the cirve

length of the base of the curve

Average value =

(i) In case of symmetrical wave (i.e. positive half cycle exactly equal to the negative half cycle),
the average value is the ratio of arca of one alternation (one half cycle) to the base length of
one alternation.

Area of one alternation

Average value of symmetrical wave = -
Base length of one alternation

(ii) In case of unsymmetrical waves, the average value is the ratio of area of one cycle to the base
length of one cycle.

Area of one cvele

Average value of un symmetrical wave=
Base length of one cvele
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Note :  Examples of symmetrical waves are sinusoidal voltage or current, full wave rectified a.c
Example of unsymmeirical waves are half wave rectified a.c,

Also we can caleulate average value of alternating quantity by method of integration. The average

. . s e
value of current i over a period T is given by, [, = P I i~

The average valuc of alternating voltage V over a period T is given by V,, = %J:; - dt

3.4.5 R.M.S value or Effective value of A.C

The effective value of a.c is that value of d.c which when flowing through a given resistance for a

given time produces the same amount of heat as produced by a.c when flowing through the same
resistance for same time.

}l {S.r represented by /. or /. To calculate it, suppose an alternating current is represented by
=1_sinot.

The effective value of a.c is that value of d.c which when flowing through a given resistance for a

given time produces the same amount of heat as produced by a.c when flowing through the same
resistance for same time.

I;F=LT11R..::’:'
:E (1. sincr ) R-dr

= [ 12 sin - R-dt

% | =cos2m
=I,;R_|:f%]dr
I'RT
— L LT TS R LT demrasEmy I.
3 (1)

If r.m.s value is represented by £, then the amount of heat produced in the same resistance B, in the
same time T would be

B S o SRS L (2)
From equation (1) and (2) we get,

. 1> RT
P RT=-=

I
=/, =-==07071,

V2

Hence the r.m.s value of a.c is 0.707 times the peak value of a.c i.e 70.7% of the peak value of a.c

Note : Similarly r.nes value of alternating emf, E_ =E / J2 where E w 5 the peak value of
alternating emf.
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(i) The r.m.s value of alternating current can be calculated by mid ordinate method,

.3 . ] =2
B s J{L ol S b SO o
n

ANALYSIS

Where i, ,iy i ......f, are mid ordinate
current and n is the no of strips as shown
in fig 3.5

Similarly the r.m.s value of alternating T 1
voltage can be expressed as, Fig 3.5

z 2 2 ik
F e Jel +e,tet.de,

s ;]

(i1) The r.m.s value of a wave can also be expressed as,

Area of half cyele wave squared
Half cyele base

B M 8 value = J

t_—n.

(ii1) For symmetrical waves, the rms value can be found by considering half cyele or full cyele.

How ever, for un symmetrical waves, full cycle should be considered.

3.4.6 Average value of Sinusoidal current

Let us consider an clementary strip of width d8 in the first half cycle of current wave as shown in

figd.6
Let i = mid-ordinate of the strip

Area of the strip = i.40.

Arca of half cycle = E:‘.dﬁ:ﬂ I, sin®.d8=21 ;

i
’ L Area of half cycle !
DANEORBE TN Lo ™ s length of half cyvele 0 T 2
27 do
= Zm 06371, \/
w
Fig 3.6

Note : Similarly average value of Sinusoidal emf E,, =0.637 E,
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3.4.7 R .M.S value of Sinusoidal current

Let us consider an elementary strip of width d8 in the first half
cycle of squared current wave as shown in fig 3.7
Let i* = mid ordinate of the strip. Arca of the strip = i* - d0

Area of half eycle of the squared wave

Ir.f

\/"‘

Fig 3.7

—J :-!'H'-J- 17 . sin” 00 =—

Area of half cyele squared wave
Base length of half evele

SRMS l'u.-'m?!w = \!

”” 2 La 07071,
) V2

3.4.8 Form factor and Peak factor

Form factor : The ratio of v.m.s value to average value of an alternating quantity is known as form
factor. 1is represented by K .
R,M,S value
I.1 K

" Average value

Peak factor : The ratio of maximum value to the r.n.s value of an alternating quantity is known as
peak factor or amplitude factor. It is represented by K,
Meaximum value

“7 R.M.S value

Example 3.1: Find the r.m.s value, average value and form factor of (i) half wave rectified a.c (11) full
wave rectified a.c.

solution (i) In half wave rectified a.c as shown in fig 3.8, complete cyele is to be considered. It is
because the wave 1s not symmetrical.

4 el Area of onecvele 2 +a0 I
veragevaluel  =——— - — = ==t
" Base length of onecyele 2n Tt

Area of squared wave over one eyele |

R.M.5valuel =
vaiwes [ Base length of one cyvele

19 :
—= e [J
= .2 — o
2n 2 '
Form factor K ;= rms value _ ! n/2_| 57 0] 0

averagevalue [/ n Fig 3 8
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(ii) In full wave rectified a.c as shown in fig 3.9, half cycle is to be considered. It is because the
wave is symmetrical. i

Area of half cycle
Base length of half cyvele

Averagevalue ! =

2 0] i 2r T
el Fig 3.9
R.M.Svaluel , = [dreag] sypared u'm‘em'f:’r il ;
i Base length of half cyvele
_[= / :
4 i
1,/\2
Form factor K | =Iﬂ= s \r= 1.11
I, 21./=
Example 3.2 Find the r.m.s and average value of the wave form shown in fig 3.10
i i
S00A ==-==-=5 : 4
: I 2 3 4 5
Fig 3.10
Solution : The given wave is symmetrical. So half wave is 10 be considered.
In fig 3.11 AB =500 A i
OB =1 sec. BC = 1 sec. 2
OC = 2 sec. L e D
r + :
Consider a strip of thickness dt and i; is the [;
mid-ordinate current at any time “t". oL | ,
B
s Area of thestrip = lengthx breadth=1i, .dt i =ik~ 2
1 o —+f ~e
Areaof OAB = i,.dr Figa.dl
It is seen that, L/ - A
{ OB
i, 500
= —_—= =
! I
= 1, =300«
-, Aveaof 0AB = [  500t.dt
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Also Area of ABCD = ["i,.dt= ['500.dr

< Total area of half cycle = J‘I Sﬂﬂr.ch+rﬂﬂﬂ.fﬁ
Area of half cyele
Base length of half cvele

- Averagevalue I, =

_ j' 500 ndufﬂnn,m

2
[.s‘q:mrerf area of half cycle |

=3754

RMSvaluel
Base length of half cvele

1 . 2 2
[ (5000)° - de+ [ (500)* -
= I

2

= 408.248 4

Example 3.3 : Determine the r.m.s and average value of the wave form shown in fig 3.12

20M
10A K.-- Sl i
] 1
Fig 3.12
Solution : The given wave is symmetrical, so half cycle is to be considered.
Consider current i at any time t. It is seen that,
Or _ SM
PR~ PM
1. =10 !
S G 20A |-~ - -
= i= Illi‘.l+E t
T
17, SO
Areaof half cycle = [ idr = (10+ 10,5 dr "
Gpelecs [ by, GOERl: |
= 15T oLl
- Fig 3.13
Averagevaluel ,, = Aiong }m.{f gl
Base length of half cycle
15T
= —— =154
T
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Squared area of half cycle

R.M.S valuel

T

= 15274

3.5

T
j .t

Base length of half cyele

bal | =

]i

I

i 10 .. 2
10+ — 1) .t
L{ +T 5 -

T

Solution of circuits containing energy storage elements

AC NETWORK ANALYSIS

In this section we shall discuss how the energy storage elements respond to a time varying source. The
passive circuit elements resistance R, inductance L and capacitance C are defined by the manner in
which the voltage and current are related for the individual clement. For example, if the voltage V and
current i for a single element are related by a constant then the element is a resistance, R is the constant
of proportionality and V = Ri. Similarly, if the voltage is the time derivative of the current then the

: : ; — (T : .
element is an inductance, L is the constant of proportionality and I/ = L 7% Finally, if the current in

the element is the time derivative of the voltage then the clement is a capacitance, C is the constant of

proportionality and i = C _ﬁ;T

Table below summarizes these relationships for the three passive

circuit clements. Note the current directions and the corresponding polarity of the voltages.

Table
Circuit element Units Voltage Currcnt | Power
l' + ohm (ﬂ.)
i vV : V 5
P R E= R " P=Vi=iR
Resistance
t L4 |
b ﬂl' ik [ Py F
| henries (H) V=L 51 d’”" P oo j = L;Lh
_ . dt dt
Indur:lancc |
bl . |
| :—-j:‘-dHAJ e . dv
T farads (F) & i= C+ P=Vi=CV -
capacifance i i
109
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3.5.1 Sinusoidal AC through Pure resistor

Consider an a.c circuit containing a pure resistance (R) connected in series with an a.c source of

voltage I =¥ _ sin @t as shown in fig. 3.14 (a).

R i
- y -.
- Ve
o m - >
n - mT'_' i v
V=V_sinwt
(a) (b) ()
Fig 3.14
Let ¥V, = voltage drop across resistance R.
Applying KVL, V=v,
=V, _ sinot=iR (¥, =1IR)
.V, sina
= i=—"—
R
V
=i=/_sinoy ==
! m [ L R )

Thus the current will be in phase with applied voltage as shown in fig 3. 14(b).
v

Also [I=—
R

Where I = r.m.s value of current
V = r.m.s value of the applied voltage
R = resistance in ohm.
Polar form :  Let V = Voltage phasor taken as reference phasor = V.20
In purely resistive a.c circuit, current and vollage are in same phase.
so current, [ = [Z0

The complex value of circuit impedance,

110
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vV V£
PRI D O A
I~ 120 J

Thus the impedance of a resistor is Z = R.

3.5.2 Sinusoidal AC through pure inductance

Consider an a.c circuit containing a Pure, inductance (L) connected in series with an a.c source of
voltage I =V _ sin wt as shown in fig. 3.15 (a)

i
- | v
- Vo e et s :
VAN 2
AN *
(<)
Nt i
V=V _sin wl

@) (b) ©
Fig 3.15

Whenever an alternating sinusoidal voltage is applied to a purely inductive coil, a back emf is
produced due to the self inductance of the coil. The applied voltage has to over come this selfinduced

emf.
V =V, sin ot = alternating sinusoidal voltage applied to the coil.
¥, = back emf induced in the coil
According to KVL, V=V,

di di
V sinot=L-— oV, =L-—
e e di ( . rfr]
di  V_sino
—y —
dt L

A e ¥, . ( ?t]
::J=—Islnnu+dt=-—cosun=—ﬂn o — —
L ol wl 2

o x
=H~XL sm(m;—-f)
Where X', =L = induclive reactance.
Current flows through the inductor i =/ sin (u:ur - %)

where [ =—
So the current lags behind the applied voltage by g— and phasor diagram is shown in fig. 3.15 (b)

11
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l.f
Also [=—
Xf.
Where I =r.m.s value of current
V = r.m.s value of voltage
A, =l = inductive reactance in ohm,

Polar form : Let V = voltage phasor taken as reference phasor = V.20
: ; G g : ; T
In purely inductive circuit, current lags behind the applied voltage by —

Socurremt 1 =12£-90

The complex value of circuit impedance.
i
7= 20
1£-90
= Z= jol
Thus impedance of an inductor Z = jX, = juL

=X, £90=0+ jX, = jX,

3.5.3 Sinusoidal A.C through Capacitance

Consider an a.c circuil containing a pure capacitance (C) connected in series with an a.c
source of voltage ¥ =V _ sin wt as shown in fig. 3.16 (a)

eap—

:
| =+ o e
1

= V. —| v, m

0 M 2’ ml_:_

(=)

) [ ]
(a) (b) (c)

e

Fig 3.16

Whenever an alternating sinusoidal voltage is applied to the plates of a capacitor of capacitance *C’
then the instantancous charge in the capaciter is g = ¢l WhereV_ is the voltage across capacitance.

Applying KVL,V =V,

=V, sinwr =-—E:— { V.= —:‘:-}
g=CF_sinuu
!

=>-d=aC V, coswi
dt
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’ [
e F;“ cos Wf [':X,=~—]
dt 1 e
S wC

. Ty Ve sin [m.'+ E]
== —Cos0 = — -
X X 2

L ©

n e
= i=1 sin(n}r+—] Where /] =—
” 2 X

[ 4

So the current leads the applied voltage by —“%—and the phasor diagram is shown in fig.3.16(b)

Al 1 E
50 _X_

¢
Where I =r.m.s value of current
V =r.m.s value of voltage
X _ = Capacitive reactance in ohm.
Polar form :
Let V = voltage phasor taken as reference phasor = V.£0
In a purely capacitive circuit, the current leads the voltage by 90°.
So current [ = [.£90°

The complex value of circuit impedance,

VA0
1£90°
= Z==2
we

L=

=X _£-90=0-jX, =—jX,

Thus impedance of capacitor £Z=—jX = ;}c_—’
3.6 Phasor Solution of circuits with sinusoidal excitation

We have seen that sinusoids can be represented by phasors. Since phasors can be expressed interms of
complex numbers, so sinusoids can also be expressed interms of complex numbers. In this section, we
introduce an efficient notation to make it possible to represent sinusoidal signals as complex numbers
and to eliminate the need for solving differential equations.

3.6.1 Euler’s Formula

Euler's formula is a mathmatical formula in complex analysis that establishes the deep relationship
between the trigonmetric functions and complex exponential functions.

It states that, e’® =cosB+ jsinf
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where j is used to express the imaginary number 1.

e %= cosB - jsin®

. o = . . . *
The magnitude of e/" or ™" is cqual to one. This formula provides a means of conversion between
cartesian co-ordinates and polar co-ordinates, Consider any complex number Z = x + jy as shown in

fig. 3.17
Magnitude of Z is, t
. = -
|E|=-.,||:l“+j"' =
=
o
Where el -
El 8
X =! Z Icﬂsﬁz real part, M oA7, :
y=|Z|sin@= Imaginary Part . 0 K
e . - " Real Part
8=tan (T) in radians. Fig 3.17

Z=x+ jy=|Z|cos0+ j| Z|sinB=| Z|(cos8 + jsin6)
=|Zle" =|Z| 20

[ Note :- We know 4268 = A(cos@+ jsing) ]

3.6.2 Phasors

A phasor is a complex number that contains the amplitude and phase angle information of a sinusoidal
function. Its concept can be developed by Euler’s formula,

4

E:H

® =cosB+ /sin®

If =01, '™ =cos®I % FSINOL .ooovrererrrrerersrenesenn, (1)

From equation (1),

Cos mt = Rc[ g ]= real part of e”™ = phase (aclive) component

Sinwmt=]_ [ e’ I——. Imaginary part of ¢” = quadrature (reactive) component,
Similarly we can write,

Vm {:us{i}r:RE[Vm EM] FEEFrrtaniSibridane LR R R R R R N R N P ) {2}

and Mokl T oot (3)

Also ¥V, _sin(wi+¢)=1, [l",,1 e“'“"'”]= I, [I*’,,_c*‘““.e‘*] ......... (4)
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If we compare equations (3) and (4) i.c. V_sin ot and V_ sin{wr+¢) , we get the factor ¢™is

common to both and it contains the information about angular frequency (w). Oncee the sinusoids of
the same frequency are involved, this information is redundant. Then the representations of V_sin wt
and V_ sin (ot + ) are simplified, by dropping the term ¢ to the following form :

v, sinar=V_e” =V, Lo

v, sin(or+9)=V_e” =V_2L6¢

Example 3.4

Add the sinusoidal voltages V, (1)=Acos(wr+¢)and V,(1)=Bcos(wr+0) using phasor notation
and then convert back to time - domain form. A=1.5V, ¢=10", B=32Vand 0=25".

Solution :
Given V,(1)=Acos(wt+¢)=1.5cos(wr+ H]")=-— 1.5sin (cwr — 80)
and ¥,(1)=Bcos(wr+0)=3.2cos (wr+25° )=~3.2sin(wr - 65)
These two voltages are in phasor form:
V,(jo)=~1.5£~-80=~0.2604+ j1.477

and  V,(jo)==3.22-65=—1.352+ j2.9
L ¥ (jw)+V,(jo)==0.2604+ j1.477 - 1-352+ 29
= V(jw)=-1.6124+ j4.377=4.66£110.22"
In time domain form, ¥()=4.66sin (wr+110.22°)

= V(r)=4.66cos (:mr+ 20.22")
= V(1) =4.66cos(wt +0.3527 rad)

Note : Any sinusoidal mathematically represented in two ways.
(i) in time domain form, ¥ ()= Asin (ot +0)

(i)  in phasor form, V(jw)=Ae” =426
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3.6.3 Super position of AC Signals

Two sinusoidal sources of different phase and amplitude can be added if they have same frequency. IT
the frequency of two or more sinusoidal sources are different then they can not be added. To complete
the analysis of any circuit with two or more sinusoidal sources at different frequencies using phasors,
it is necessary to solve the circuit separately for each signal and then add the individual answers
obtained for the different sources. It can be explained by the following examples.

Example 3.5 In fig. 3.18 calculate two voltage drops ¥, (1) T Eﬂf’ﬂr ~
and V,(t) across two resistors R, and R,. Given R,

i(1)=0.5c0s6284, V() =20c0s62801 I, R, =1509 and

R, =509, i(t) (D V::}g R, @)vm

Solution :

Here two sources i (t) and V (1) have different frequencies.

So we must compute a separate solution for each. " Fig 3.18 i i

AN
R,

(1) First consider the current source, with the voltage source
set to zero (i.e. short circuit) as shown in fig. 3.19

+
i(1)=0.5cos628¢=~0.5sin (6281 -90) i(t) D ‘*’-“é R,
In phasor form, -

1(jw)=-0.5 £~ 904,0=628 rad.sec’ w16
B 2.

According to current division rule, Current through

R, :__{],_Sﬁ_gﬂx—fﬂ.:—ﬂ-lzﬁi'—gﬂﬂ
200

R, ==0.5£~-90x
J,II'!'- 2
150

R
C Ll h R,=-0.52-90x L =—0.52-90x—=-0.3752—
urrent throug 5 R +R, 200 904

Voltage drop across R, =—0.125£-90x150=~18.75 £ -90V
Voltage drop across R, =-0.375£-90x50=~18.75£-90F.

(i1) Next we consider the voltage source, with the current source set to zero (i.e. open circuit) as
shown in fig. 3.20

+ V() -
V(£)=20c0s62801 ¥ =—20sin(6280/-90)V W
In phasor form, + -
ViOER, (t) (1)
V(jo)=-202-90V ,0=6280 rad.sec” _
Fig 3.20
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According to voltage division rule,

¥ == —00°% —
Voltage drop across R, =-20£-90 R, +R,

150
- -gﬂ —_:'_ISJ"—J'_QI}QV'
202 sz}

1 + 2

R, 50 .
e | =) =20£-90% —=5£-90V
Voltage drop across R, |: 204 QDxR R ] 0L 500

Now we can determine the voltage across each resistor by adding the contributions from each source.
. Voltagedrop across R, =V, (jw)=~18.75£-90"- 15 £-90°

In time domain form,
v, (1)=—18.75sin (628 — 90) - 15sin (62801 — 90)
= 18.75c056281+15c0s62801 1

Voltage drop across R, =V, (jw)=—18.75£-90"+5£-90°
In time domain form,

V,(1) =-18.75sin(6281—90)+ 5sin (6280¢ - 90)
18.75c0s628¢ — 5cos6280¢

18.75¢c056281 + Scos (62801 + )

3.7 A.C Series circuit

A circuit in which the same a.c flows through all the circuit elements (i.e. R, L, C) is called series a.c
circuit. The general rules of series a.¢ circuits are same as d.c circuits. However, we work with

phasors.
3.7.1 Series RL Circuit

Consider an ac circuit containing a resistor of resistance R ohms and an inductor of inductance L
henries across an a.c source of r.m.s voltage V volis as shown in fig 3.21 (a)

R L
A T
Vv
1A /'l
VL
U -
{a) Fig 3.21 (b)
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Let V = r.m.s Value of the applied voltage
[ = r.m.s value of the circuit current
V. = voltage drop across R
V, = voltage drop across L

The phasor diagram of RL serics circuit is shown in fig. 3.21 (b). The voltage drop ¥, is in phase with
current and voltage drop F, leads the current by 907 in phase. Since current is taken as the reference
phasor, we have

I=I+jo
Mow
.= Vn"‘"’i

= V= (IR+jo)+(o+jl X )
= V=I(R+jX,.)
= VY =IZ

Where Z = R+ jX, = impedance of RL circuit which offers opposition to current flow.
Magnitude of impedance, Z=. R+ X

Phase angle, ¢ = tan~ [%J

It is clear that current lags the voltage by ¢°.
Polar form : In Polar form, we have
I=1I+jo=120
Z=R+jX =ZsL
V==IZ=1ZLoxZ2b=1I1ZL%
This shows that applied voltage leads the current by ¢ (or current lags the voltage by )
Voltage phasor as reference :

If we take the applied voltage V as the reference phasor (i.e. along X -
axis) then Y

V=V+jo=VA
Z=R+jX =220

V _Vio ¥ 0 -X
le—=—— =/ ] V—
7 7226 Z ¢
Fig. 3.22 shows the phasor diagram of the circuit with voltage as the | -
reference phasor. Y

g

Downloaded from www.LectureNotes.in. Contributed by Dr. RAMAPRASAD PANDA



https://lecturenotes.in

AC NETWORK ANALYSIS

3.7.2 Series RC Circuit

Consider an ac circuit containing a resistor of resistance R ohms and a capacitor of capacitance C
farad across an a.c source of rms voltage V volts as shown in fig. 3.23 (a)

R c v,
A [ s v » I
d v Ve
v Ve
Fizk
(a) Fig 3.23

Let I¥ = r.m.s value of the applied voltage.
I = r.m.s value of the circuit current
Iy = vollage drop across R
V.= voltage drop across C

The phasor diagram of RC series circuit is shown in fig. 3.23 (b). The voltage drop Vg is in phase with
current and voltage drop Vi lags the current by 90" in phase. Since current is taken as the reference

phasor, we have
I=1+jo
Now Vi W
= V=(IR +jo) + (0 -jIX)
=>V=1(R~-jX;)
=V=IZ

Where Z = R — jX . = impedance of RC circuit which offers opposition to current flow
Magnitude of impedance, Z = R* + X
X
Phase angle, ¢=tan™ [TEJ

It is clear that current leads the voltage by ¢°.

Polar from : In polar form, we have
1=1+jo=[Lo
Z=R-jX.=2Z-¢
V=I1Z=IloxZsi-0=1ZLZ—-¢
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This shows that applied voltage lags the current by ¢ (or current Icads the voltage by ¢)

Voltage phasor as reference :

If we take the applied voltage V as the reference phasor (i.e. along x-axis)

then _ Y
V=V+jo= VLo !
Z=R-jX.=ZZ-0
_ V Vo : X

W
B g o

Fig.3.24 shows the phasor diagram of the circuit with voltage as the
reference phasor.

3.7.3 Series R L C Circuit

Consider an ac circuit containing a resistor of resistance R ohms, an inductor of inductance L henry
and a capacitor of capacitance C farad across an ac source of r m s voltage V volts as shown in

fig.3.25(a)
R L c 3 ¥
AN L ¥
A I R A . J
I d 'Vr
% |
i A '
@ (b) v,
v o @ oo
e Phasor diagram of series RLC circuit
Fig 3.25 when X, > X_ e V, =2V,
Let V =r.m.s value of the applied voltage.

I =r.m.s value of the circuit current.
¥, = voltage drop across R

V, = voltage drop across L

V. = voliage drop across C

The phasor diagram of RLC Series circuit is shown i |n fig 3.25 (b). The voltage drop Vg is in phase

with current, voltage dn}p V. leads the current by 90" and voltage drop V¢ lags the current by 90° in
phase. Since current is taken as the reference phasor, we have
I=1l+jo
Now V=V, +V,+V, where ¥y w1tk
A 5 V, =jIX,, V. ==/1X_

20
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=  V=(IR+jo)+ (o+jIX)+ (0~ jIX,)
=  V=I{(R+jX, —jX.)

=  V=I[R+jX, =X

== V=12

Where Z =R +j (X, — X ) = impedance of RLC circuit which offers opposition to current flow.

Magnitude of impedance, Z= J R*+(X, - X, i

Phase angle, & :tan“t(%ﬂ'—]
Polar form : (i) Let X, > X ie X, — X = positive.
In polar form, we have I=I+ jo=[Zo
Z=R+j(X, -X.) =220
V=I1Z=I[LoxZL0=1229

ol — —
X, =X
Where ¢ = tan ' [—LR—C'] San™ —'Eﬂ'£

This shows that applied voltage leads the current by ¢ (or current lags the voltage by &) as shown in fig
3.25(b)

A T
(ii) LetX,>X, ife X,-X,=negative A
In polar form, we have 1=1+ jo=1Zo - l
Z=R-j(X, -X.)=22-0 i X
V=1Z= [LoxZZ-0=1ZL~¢ l L

| Phasor diagram of series RLC L

@l - oC circuit when X, < X ie V, <V, v :

Where ¢ = —tan™ _Rm— Fig 3.26

This shows that applied voltage Lags the current by ¢ (or current leads the voltage by §) as shown in
fig 3.26

3.7.4 Series Resonance

In R-L-C series circuit, both X, and X¢ are frequency dependent. If we vary the supply frequency then
values of X, and X are vary. At a certain frequency, called resonant frequency (f;), X, becomes equal
to X¢ and series resonance occurs.
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An ac circuit is said to be in resonance when the circuit current is in phase with the applied voltage. So
the power factor of the circuit becomes unity at resonance and the impedance of the circuit consists of
only resistance,

At series resonance, X, = X,

!
2 =
MLLS o
|
e = eee————
/e 2nLC

If L is henry and C is in farad then f, will be in Hz.
Impedance of RLC series circuit is given by,

Z=\R*+(x, - X,
=Z=vVR*+o [ Inseriesresonance X, = X . ]
= Z=R

Power factor = cosd 5 I =1
A

Properties of Scries resonance :
In series resonance,
(1) the circuit impedance Z is minimum and equal to the circuit resistance R,

i G g  — ; .
(11) the circuit current / = = and the current is maximum.

il

(iii)  the power dissipated is maximum ie P= =3

|
(iv) the resonant frequency is [, =——
" L

(v) the voltage across inductor is equal and opposite to the voliage across capacitor.

Resonance Curve

The curve between current and frequency is called as resonance
curve. Fig 3.27 shows the resonance curve of R-L-C series circuit. T
If the frequency is below resonant frequency ( f, ) thenX,.>X, 1
and net reactance is not zero, (i.c. current falls), If the frequency is
above resonant frequency (f, ) then X, > X, and the net
reactance is again not zero (i.e. current falls). The current reaches

SMALL R

-

LARGE R

its maximum value at resonant frequency ( i ), falling off
rapidly on cither side at that point.

gy TR e ———
-

=
=

)
-1

Note theeffeet of resistance in the circuit under resonance condition. The smaller the resistance, the
greater the current at resonance and sharper is the curve, On the other hand, the greater the resistance,

the smaller the current at resonance and flatter is the curve.
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3.8 A.C Parallel Circuit

Parallel circuits are used more frequently in electrical systems than serics circuits. In parallel a.c
circuits the voltage across all branches is same, but current in any branch depends upon the impedance
of that branch. The total circuit current is the phasor sum of all branch currents.

By three methods we can solve the parallel a.c circuits, These are (i) By phasor diagram method.
(i1) By phasor algebra method (iii) By admittance method. Here we use phasor algebra method 1o
solve parallel a.c circuils

By Phasor Algebra Method :

In this method currents, voltages and impedances are expressed in complex form (i.e either in
rectangular form or polar form). Consider a parallel circuit consisting of two branches and connected
to an alternating voltage of V volts (r.m.s) as shown in fig 3.28.

I, R L
— AN —————— T ———
R e (S
1i LR Tl
v
Vv
Fig 3.28
(i) Rectangular form :
Take voltage as the reference phasor,
V=V+jo=V
Impedance of branch 1, Z, = R, + jX,
Impedance of branch 2, Z,= R, - X,
v
Currentinbranch 1, I, = k.5 e
Z,  HIXL
v
Currentinbranch 2, 1, = 1 =
Z, R,=jX,
Vv

W Total circuit curremt | = 1, +1, = R, +jX " R,-jX
] L 2 e

By using the rules of phasor algebra, we can calculate magnitude and phase angle of L.
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(ii) Polar form :

Take voltage as the reference phasor,

V=VZo
: A
Z,=Z,4p, where Z, =R} +X!} ,¢,=Ian"[T"]
- % A
Z,= Z,£-%,, where Z, = \IIRz""th‘ 0, =mndl[?t]
v VZo v "
W= S22 Tz 470
1 | Tl I
v VZo v
l = _=_=_£
Yz, Z4-9; Z, %
W v
=1 +1, = —Z£—-0,+ — 20,
1 2 Z! ¢| zz ¢

3.8.1 Resonance in Parallel circuits

A parallel circuit containing reactive elements (L and C) is said to be in resonance when reactive
component of line current is zero. The frequency at which reactive component of line current is zero
is called as resonant frequency. It is represented by f,.

Let us consider a circuit where a capacitance C 15 connected in parallel with an inductive coil of
resistance R and inductance L as shown in fig 3.29 (a). This circuit is called tank circuit

L R B le
AN ol t
L
L g | | Iicoso

(2) \;I—;‘f I;sing (b) Iy
Fig 3.29

The phasor diagram of this circuit is shown in fig 3.29 (b) by considering the voltage V as the
reference phasor.

Let [, = Current through the coil which lags the voltage V by an angle ¢

I. = Current through the capacitor which leads the voltage V by an angle 90°,

1 = total circuit current

[ b famn

[ e A
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Current /, resolves into two components, /, cos¢pand /[, sing. The component [, sind is opposite to
current .-“ So reactive component of line Lum.nl is I, =/, sing. The circuit will be in resonance
when th reactive component of line current is zero. Thls can be achieved by changing the supply
frequency because both /. and [, sind are frequency dependent. At some frequency called resonant
frequency (f, ) the reactive cumpnncm of line current will be zero and resonance takes place.

At parallel resonance, /. =/, sing =0
=1, =1, sin}

A’L :—;- rg-— (H#iemz_!_ = erd X, =Z sin¢l)
L
=X, X

=Z°
mL =72
mc L
L
= PR (1)
ﬂ%=.‘i‘1 + X,
=>-é~—ﬁ." =X,*
L y 2
=—-R*=(2n/f,L)
C
I [E
= =—|==R
/v 2rL X C
O . &
=f =—)|—--—
S = o \ic
This is the expression for resonant frequency in parallel circuits. 1f the coil resistance 1s small then,
1
/= 2nLC

Impedance at Resonance :

Under resonance condition /, sind is equal and opposite to /_, hence cancell.
So line current (1) is cqual to 7, cosg.

=l =1, cos¢

V ¥V R where = = impedance at resonance
e i < T

Z ZZ R=2Z, cosd
S .

Z Z°
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=%

L
z

= £ =

Qe {"':||r-J'-‘=:

[u'.’wm?f :_2 = % from w_.w{l)]

The value of —é- is very large at parallel resonance, so value of impedance Z is very high.

. s i V
Line current at parallel resonance is minimum and is given by / = Z

As Z is very high, so line current I be very small.

Impedance - frequency curve

If we plot impedance - frequency graph for a parallel circuit the shape of the curve will be as shown in
fig 3.30. Impedance of the circuit is maximum at resonance. As frequency changes from resonance,

the circuit impedance decreases very rapidly. For frequencies below resonance, the capacitive

reactance will be higher (i.e. X, = —I-}.

2nfe
This high value of X_ opposes
capacitive current i.c. magnitude of ,_t|
I_ decreases. Asaresult more current ©®
will flow through the coil. This
causes the line current to lag behind
the applied voltage and circuit
behaves inductive. For frequencies
above resonance, inductive recactance
is higher (i.c X, =2n/1) and more
current  will flow through the
capacitor. This causes the line current Fig 3.30
leads the applied voltage and circuit
behaves capacitive.

Impedance —-

=

e 1

Frequency—

3.9  Admittance, conductance and susceptance of AC circuit

The reciprocal of impedance is called admittance of a.c circuit, It is represented by Y.

=

.

zZ v S
We know impedance (2) has two Z
components, resistance (R) and reactance A A 8
(X). Similarly admittance (Y) has two
components, conductance (G) along
horizontal axis and susceptance (B) along
vertical axis.

(a) (b)

Fig 3.31
e o
126,

fis:
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1 R R I R
—r——— Y =—andcosf=—
From fig 3.31 G=YcosO= i = 5
I X X X
B=Ysind=—+—=— ('ﬁmﬁ-——
Z & Z°
Admittance (¥)=vG* + B*
The units of Y, G and B are mfo or olm™" or siemens (s). The inductive susceptance is considered as
negative and capacitive susceptance is considered as positive.
Table
series | Impedance in Impedence in Voltage in Vn!mg;ngmﬂ
0 ':&gul complex form | scalarform complex form scalar
1.| Ronly | Z=R#j0 Z=R v, =R+ j0 v, =IR
3 | tonly | E=trBe TG Z= X, <UL =2rl v, =0+j1% V. =IX,
| 4 I | i [ =1X
' _'_'_—.}. = — "V:u_ Ix{_ 1,,‘- Ap
3.| conly | 2=0-1X, L= =oc "ok 7 ——
3 7 V=, + V) *.’_\'V'H-"
=1(R+ jX;) _
ﬂ'l? —[1‘|R + )'l
= h’ B
_____._...._._-_-_—-r—- e —— e i T — R .‘I TE
VEY, H, Uk e
ot =R -J1X, 1i|(m} (n:)
Z=yR%+ Ax” “1(R- jX.
5.| R-Cekt | Z=R-JX € 1(R-jX.) s
=14 iz o
:c.-” I'{-L-Cc_kl-_ | V=N ,}w.r_,. ; 4.{". v - V)
; (2= ||H‘,J +(x1 "xt:' =i+ jIX, _.j]}':t' {IH} T I' t\l = :'h }
MV, 2V | DX >X, . 1[R4 (%, - x)]
thenZ =R+ J(X, = Xe) 5 1R+ X%
) =1Z
{irx, < X e {i'l']v'—'v +1..II _r\r{ . 7 = ,—!
s L C ] a K V= l\.l' + 1V '\,‘_)
\/ . 3 . : ke : 1l Vi L
{”}VL{: ‘ then E:R—kxl —J':l ) I")"l::\lr'-"'(h: —:'k._-} :|[R—j(:\l 51 h{}] l: } 3 (
| =12 i
e g » Ty B
Note -Bold capital leiters represent vectors i.e. complex for 197
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Example 3.6  Calculate the average value of the sawtooth wave form shown in fig 3.32

Solution : The given wave is symmetrical. So half wave is
to be considered.

Average value 7 area of half cycle

=
o

base length of half cyvele [

|
500)(5)
==———=35volls
10
Example 3.7 : Calculate the average value of the shifted L L KKms)
triangle wave shown in fig 3.33 v Fig 3.32
¢ 5 10 {(ms)
Fig 3.33
Solution: The given wave is symmetrical. So half wave is considered.
area of half cvele

A lue ¥, =
YRR R lengthof half cyele

|
= 2(5)(3) =1-5volf
5

Example 3.8 Find the impedance of the circuit shown in fig 3.34, 0w =10" iﬂ—d, R, =1008,

SeC
L=10mH, R, =508, C =10pF
Solution : Let Z = impedance nf.‘i.'z = (C circuit.

RI
|

Ry

_g_( *)(fwf?]_ B 50 L
RV IHjoeR, 14+ j10%x10x10°° x50
2 JoC
R, C
=1.92- j9.62Q
Total impedance of the circuit, Z_ =R, +JoL+ Z
=100+ j10° %1072 +1.92- j9.62

Fig 3.34

=101-92+ /9038
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Example 3.9  Find the equivalent admittance of ae
the two circuits shown in fig3.35.

o =27nx10’rad.sec” y
ab™"
R, =500, L=16mH, R, =100
C=3uF
he
Solution : For circuit (a) : (a)

Impedance of the circuit, Z,, = R, + jwL

— ] 1
Admittance of the circuit, ¥, = 7 = R jol
fm" t

|
50+ j2nx10° x16x10”

=(3-96~ j7:97)10° mho

For circuit (b) :

Impedance of the cireuit, £, = m
JUEs,

| 1+ joR.C
==X

Admittance of the circuit, ¥, =
ab

AC NMETWORK ANALYSIS

ao

i-'l'li
Y. = R.‘ C
: L
ho
(b)
Fig 3.35

=0-01+ j0-019mho

Example 3.10 : Apply phasor analysis method to the circuit of fig 3.36 to determine the source

current.

v, (t)=10coswr, m=1377 rad.sec’ R, =50Q,

C =100pF

R, =200Q,

WA

'-_'_inl:l]

v,m@ § %

Fig 3.36 =
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Solution : Given I (r) = 10cosan

in phasor form. 1" { fm) = 10D volt

{ ]
o) 1
L e R,
Impedance of R, - C circnt, 7= e e
’ | |+ fmf .
K. &
HLE

= 1. 4569 - j26-065()
26 3£ - R1-48)
. _ V,<¥ P
Using nodal analysis, o1
R, 4
= (I, =1)Z=FR,
. VE 1040%26.32-82.44
et o A M e 4 d 102 < §6- 44
R, +Z 50434569~ j26-065

i ——ie e

. V.=V 10£0-4-4227 - 56- &
From figure !l = =— Al et =0 168226
R, S0
=/, =0-16820-4537"
(where 26" = 26 T:ﬁ =10-4537 radian)

In time domain form source current,
i(r)=0-168c0s(377¢+0-4537) 4.

Example 3.11 : Calculate currents i, (¢)and i, (1) of the circuit shown in fig 3.37

1", ()=155¢c0s(3771) volt, R, =0-502,

R, =20,
R, =0-20, L =01 and L, =20mif
R, v
AN . ——
I L f— |
Lt Lt
_ R;§ } 1 gk
|
'h',lll@ I |
| L, g L,
E |
L s pa e o]
Fig 3.37 ¥
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Solution : Impedance of R, - L, circuit Z, = R, + jwl

Impedance of R, — L, circuil 2, = R, + jof,
ZZ,

Total impedance of the cireutt, Z=R,6 + ———
Z +Z,

. (R, + jool,) (R, + joL,)
" R +joL +R,+ joL,
(2+37-7)(0-2+ 47 -54)
24 j37-7+0-2+ j7-54
37:75£86-96x 7 -54.88-48

=0-5+

=0.5+

45.3/87 -2
=0-6929+ j6-28=6-3181283-7Q
Source Current Vo o 13980 opcn g37aA

L= =5 a81837
According to current division rule,
;oo 22 _24-53£-83-7x7.54/88.48
' ZRE, 45.3487-2

=4.082-82-42°
=4.08£-1-43"4

Z
Similarl}'.f2=!,z L —=20-442—1-4654

1 e
In time domain form the currents are,
i, (1)=4-08c0s(377t-1-43) 4
and i,(1)=20-44cos (3771 - 1-465) 4

Example 3.12 : The current through a 0.5 H inductor is given by iy :Ecus.[}??: + E]
' 6

Write the expression for the voltage across the inductor.

Solution : Voltage across the inductor is,
di o n
V,=L-—-=0-5—2cos| 3771+ =
. dt dt 6

=<377sin [3'm+ %]
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=377sin [3??!‘+ %— n] {-+sin(8 - ) =—sin0}

=377 sin[?-'??r - S?E) volt.

Example 3.13 : The voltage across a 100uF capacitor takes the following values. Calculate the
expression for the current through the capacitor in cach case.

a) V(1) = ﬂiﬂcﬂs[iﬂf - B volt.

b) V_(t)=20sin100¢ volt.

¢) v.(1)= -6[}sin(3m + %] volt,

d) F,(:)=3ﬂcm(1ﬂ{]r+%] volt.
Solution : a)  Current through the capacitor is,

: = r.‘vf{!)
Ir(f)—C'T

{ n
=100%10"* £ 40 {mam]
gf.‘ COs 2
. b
=—0-08sin| 20! — —
'"( z]

sl ﬂﬂsin(lﬂ.’ = g+ u]

=(0-08sin [Zﬂr + 12:-];\

b) Current through the capacitor,
i()=cC- = {") mumn*%mmmm
=0-2cos100r 4

c) if(n')=£‘-w—:jﬂ=Iﬂﬂxiﬂ'“%{—ﬁﬂsin[ﬂﬂngﬂ

=-{-48cos (RU: + -E—]
n
=0-48cos [H{EH E_ TE]

=()-48cos [Bl]r - 5%}1‘

5'132§
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dv [!) s d [ n]
— L 100x10™ —30cos| 100+ —
d) i (1)y=C-—— 0 2
=-n-3sin[mm+-’5]
4
. n
={}-35m[lﬂﬁr+§-—n]

=03 sin(lﬂﬂr —3—;-];4

Example 3.14 : The current through a 250 mH inductor takes the following values. Calculate the
expression for the voltage across the inductor in each case.

a) i, (1) =5sin25¢ 4
b) i, (1)==10cos501 A

c) fﬁ(r]=25ms[lﬂﬂr+-§-]d

dy  i,()=20sin [lﬂ: - %],4

Solution :

a) Voltage across inductor is,

V,=L- M EEGXII}"’;i(SSinZSJ):}l-Eﬁ:usZSI
t

b) v, =250x107 ;—I(— 10cos 50r) =125sin 50¢ volt
'3
v =250x10" % Zﬁcns[l[}DH E]
©) = dt 3
= -GESsiﬂ[!ﬂﬂH%J
=6255in[l 001 + g & n)
=6255in[lﬂl}f = 2—;—] vl
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d) ¥, =250x107 4 20sin [Iﬂf - E]
dt 12

= 50cos| 101 - ﬂ] vaoll
12

Example 3.15 : In the circuit shown in figure 3.38.

0 for —w<t<0
Leti(ty=<t Jfor 0=t<10
10 for 10<t<e

Find the energy stored in the inductor for all time.

i) D

Fig 3.38

Solution : The energy stored in the inductor is magnetic encrgy

. Magnetic energy, W = %LEE = %{2){;’): =(i)’

When i(t) =0thenW =0

When i(t) = t thenW = t* Joule

When i(t) =10then W =100Joule
Example 3.16 : In the circuit shown in fig 3.39

0 for —w<r<0
Leti(t)=4{t for 05+<10
10 for 10€i<e

Find the energy delivered by the source for all time.

Solution : The energy delivered by the source is the sum of

the energy absorbed by the resistance and the encrgy stored
in the inductor. It is piven by,

W(1)=iR+ %Li’ 3 i:(l)+%(2}f =2i'

When i(1)=0 then W(1)=0

When i(1) =1 then W{t)=2¢* Joule

When i(1)=10then W(r) =2(10)" =200Joule

134
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Example 3.17 : In the circuit shown in fig 3.40

0 for —ea<t<l
LetF(t)=41 for 0<t<10
10 for 10St<e
Find the energy stored in the capacitor for all time.

Solution : The energy stored in the capacitor is

W=
2

cr =%{ﬂ-l](!’)z =0-051'*

When ¥ ({)=0then W =0-05(0)* =0
When ¥ (t)=tthen W = [l-ﬂﬂ:!}: =0-05¢* Joule
¥ (£)=10then W =0-05(10)" = 5Joule

Example 3.18 : In the circuit shown in fig 3.41

0 for —ea<t<l WHC:)

LetV(¢)=4t jor 0<1<10
10 for 10 Sr<ce

Find the energy delivered by the source for all time,

AC NETWORK ANALYSIS

L

=1
e

Fig 3.40

Fig 3.41

Solution : The energy delivered by the source is the sum of the energy absorbed by the resistance and

the energy stored in the capacitor. It is given by,

S | ] 1 .
We=—t+-CV =P 4 ={0-1)F*=0:55K"
R 2 S )

When F(t)=0then W =0

When V(1) = t then W =0-55¢ Joule ! E”"
28
When : A o
V(1) =10thenW =0-55(10)" =55Joule 2H
Example 3.19 : Find the energy stored in = 1 § 3,—1:_" g
each Capacitor and inductor, under steady - C-) 6V —p 240 %Eﬂ

state conditions, in the circuit shown in fig.
3.42.

Fig 3.42
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Solution : Under steady state conditions, all the currents are constant, no current can flow through the
capacitors and the voltage across any inductor is equal to zero.

I

- [F
EF_I

a0

In steady state currents through IF and 3F arc zero. So voltage drop across 6£2 is zero. The voltage
across 3F is V..

1 '3 s
6-Viy _Via _I-m

2 4 8
=V, , =3-43volt.

Encrgy stored across 2F is,
1
V.. =§{2}{3-43)1 =11- 76 Joule

P-H" = IIIH' = ﬂ

Energy stored across IF is, ¥, =%(I]([}]E =0

an

V
Current through 2H is, i,,, = —%‘l =0-434

Energy Stored across 2H is, W,,, = %{2) (0-43)° =0-18Joule

Voltage across 3F 1V,

1
Energy stored across 3F = 5(3) (3- 43)1 =17-65Joule
Example 3.20 : Find the average and rms value of x (t).
x(1)=2cos(wt)+2-5

Solution : The average value is,

X, -]T-j: (2coser+2:5) - dr

1 pr I T
-_Fj" ZCDSWF‘dE‘F-FLIZ'idf

1 [2sinat ]’
T

[2sinwT

1

o

~ | —

1
=0 +=|2-5T-0
[+5t2:s7-0
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2sin %, T 5
1 T [ “]
Sl el S £ where as) = —
5 (i} r

=0+2-5=25

The rms value is,

X = J% J: (2cosmr+2 :5)" - dt

= .J% Lr (4{:!}51 ot + 10cosmf + 6-25) ot

1 7 2 l 1 | "
=J—fL dcos” of i + ?L I0coswf - df + FL{»_S-:{;

=287

Example 3.21 : Find the ratio between average and rms value of the wave form of fig 3.43.

V,
|
0 2 4 6 t(ms)
-9
Fig 3.43
Solution : The average value is,
o 1 2% 107! 45 107!
V,==| V.di= - =9-di+ |l-dt|=-4volt
TL 4x10™ ! | :;L-r ]

The r.m.s value is,

V.= ,I‘ljrl"z.lﬂ'
T [i]

137
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:inxllﬂ"[ [ 9y -a *E:.I:-‘-L('Jz'“"

L]

= 6.40 volt.
F. .

S = = _[}. /25
V. 6-40

Example 3.22 : Given the current wave form shown in fig. 3.44, find the power dissipated by a 1Q

resistor.
i(t)

10sin’t

0 T am in i(s)
Fig 3.44

Solution :

The rms value of current is,

fm = 1’%‘[: it edr
= J%j: (Iﬂsinz .r_)2 - et
) 00sin
= |= | 100sin* ¢ dt
1T #0
t\{ﬁxmﬂj: (I'TE’]! dt

] i = 2
=, —x100x — - COs .
J'n }-.'. 4_[“ (1-cos2t)” -dt

= JE—;J: (] +cos® 2f - 2::}521) et
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= ‘-2—5—:-:3—1:=6.I23A
T 2

Therefore, the power dissipated by 1€ resistor is,
P=i_*R=(6-123)"(1) =375 watt
Example 3.23 : Find the ratio between average and rms value of the wave form of fig 3.45.

Vit

Fig 3.45

Solution : The average value is,
1 poe t
V== V.-di=zV,
T ¥

The rms value is

N L7 S
v, = FE Vo tedi= = Y
¥ i
Therefore —- = ,(—
lEI'COTEVw T

Example 3.24 : Determine the rms value of
V(t)=50+70-7cos(377:) volt.

Solution : The rms value is,

e oo ()

=T0-7 volt
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Example 3.25 : If the current through and the voltage across a component in an clectric circuit are.
. s
i(1) =1?cns({m - E}M

v(1)=3-5cos(wr+1-309) volt

Where @ =628-3 ﬂ, determine
sCC

(a) Whether the component is a resistor, capacitor or inductor.
(b) The value of the component in ohms, farads or henrys.
Solution : (a) The current and voltage can be expressed in phasor form,
I=172£-15"mA
V =3-5£75° volt

V _ 3:5£15°
Z=—=—"-——=205-9290" =0+ ;205-9Q
[ ATL=15

The impedance has a positive imaginary or reactive component and a positive angle of90° indicating
that this is an inductor.

(b) Z, = jolL= j205-9 {ol=205-9Q}
205-9 205-9
= L= = =327-TmH
® 6283 -
Example 3.26 : Determine the equivalent impedance in the
circuit shown in fig 3.46
T Ry R.
V()= Tcus[mﬂﬂf + EJ volt - :
. L
R, =2-3KQ, R,=1-1KQ =C
L=190 mH, C=55nF
Solution : Given o = 3000724 Fig 3.46
SCC

X, =0L=3000x%190x 10" =0-57x10°Q=0-57KQ

| |
LT wC  3000%55% 10

=6-061%10°Q=6-061KQ

Z, =R, +jX, =234 j0-57=2-37.413.92" KO

it
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Z, =R, - jX. =1-1- j6:061=6:16£~79-71"KQ

Z,Z, 2:37/13:92x6:16£-179-71
'z""z,+zz' 23+ j0-57+1-1= j6-061

=2.261Z-7-56° KQ

AC NETWORK AMNALYSIS

Example 3.27 : In the circuit of fig 3.47
b =i
i(t)=1, cns[mr + —]
f’ ()
o |
rad
1, =13mA, w=1000—, C=0-50F
scc
a) State, using phasor notation the source current.
b) Determine the impedance of the circuit. Fig 3.47
c) Using phasor notation only and showing all work, determine the voltage across the capacitor.
Solution : a)  Phasor notation,
1, =1,£p=13230" md
T :
e =TI =T 00 ™ To00x 0-5%10°
=0- j2x10°
=2/ -90"KQ
¢) V.=1Z =13£0"%107 x2£-90x 10’ =262-60" volt.
V. (r)=26c0s (I 000¢ -ﬁﬂ“) volts.
Example 3.28 : Determine i,(r) in the Z;
circuit shown in fig. 3.48, '—-—:-‘
i, (1)=141-4cos(wr +2-356) mA ; i
} '
7€) z Z,
i, (1) =50sin (et —0-927) mA
=377
i sec
Solution :Applying KCL, Fig 3.48
—i, () + i, (1)} +i,(1)=0
=i,()=i, (1) =i, (1)
=141-4cos (@r+135°) — 50cos (@ — 53-13° - 90°)
141
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In phasor form 7, =141-4£135" - 50/ —143.13°
=-99-98+ j99-98 — (~40 - j30)
=-59-98+ j129.98
=143-22114-8"mA
w0y (1) =143-2cos (wr+114-8°) md

Example 3.29 : Determine the current through Z. in the circuit of fig 3.49

V, =V,; =170cos(377¢) volt

Z, =5-920-122Q o GD
M= £, Z,
Z, =230
Z, =17.£0-192Q vu@) z,
Solution : V. =V, =170£0° = (170+ j0) volt |
Applying KVL, Fig 3.49

Va=¥.+1,2.=0

_Va+V,  17020+170£0 _ 34040

=}Il 7 [y i o
z. 17411 17211

=20Z£-11°4

i, (1) =20cos (3??! -1 I“)A

Example 3.30 : Determine the frequency so that the current 1 and
voltage ¥, in the circuit of fig.3.50 are in phase.

Z,=13000+ j03Q, R=120Q,  L=19mH. zé >
C=220pF - v

Solution : Z, is not a factor in this solution only R, L and € will vCP B

d-:iarmipe the chqur:ncy. If the voltage and current are in phase then
the equivalent impedance must have an imaginary or reactive part =
which is zero. Fic 3.50

lg L]

MWy

DO

_(R X)X REX )X )[R (X, - X))

VTR, e R (K, X1, — X))

XX R R (= X)) RO x4, %, (X, - 3,)]
R*+(x,-x.)
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Put imaginary part of Z_ to zero
RAX .+ X, X (X, -X,.) 6
R*+(X, -X.)

=R +X, (X, -X.)=0

=R? +mL(mL— ~1—] =0
@l

=='(IJILI=£—R1
IR 1 (120)°
=M=, — — = = T T -
Vic £ y19x10° x220x10%  (19%10™*)’
- 489.1x10° 724
SEC

Example 3.31 : The coil resistor in series with L models the internal losses of an inductor in the
circuit of fig 3.51. Determine the current supplied by the source if

V,(1)=V, cos(wr+0)
v, =10volf 0=6x10°72d/ o R
—_—
R, =508, R. =408 V, L
L=20uH, C=1-25x10"F < L
Solution : Equivalent impedance of the circuit is, Fig 3.51

R, +Jol){-jX . 40+ f120)(~7133-
zzﬂa_l_(f. )(-‘l’ L}=5D+( g )(J%Ej}
R, +JoL - X, 40+ /120 /1333

126-5£71-56° % 133-32-90
42-153£-18-44

= 45020"Q

=50+

i

Current supplied by source /] =—~=
PPICC DY souree d, = = 45020

A (0

=22:2220mA

In time domain form i (t) = 22.22 cos (mt + 0) mA.

143
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Example 3.32 : Using phasor techniques, solve for the current in the circuit shown in fig 3.52

0 3H
J.,l.rl'l' .I'm'ﬁ‘]
V (t)= + —— 1
(t)=12cos3t (1) =7
Fig 3.52
Solution : Total impedance of the cifcuit,
- ; 1 1
= - Y = - — = I . P I ﬂ'
Z=R+jX, = jXc =R+JoL]—= =3+ 3x3 ;3}{.1. (vo=3rad/ )
3

=3+ j9=j =3+ j8 =8-544.69-44"Q

r
[P

— = =-404. - 69-
Z  B:-544.269-44 Dl

In time domain form i(¢) =1- 4(]'4::{:-5(31 ~69-4") 4

Example 3.33 : Using phasor techniques solve for the voltage V in the circuit shown in fig 3.53

%F::'v’[t]

kil

i, (1)=10cos2t CD 3ﬂ§ 3

Fig 3.53
Solution : Here w =2E
sec
fiﬂlﬂ..{ﬂ“
Z, =JoL=j6
1 3
Z ==fj—==j=0
c=ac” 72

ad
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T 0-33+ 0-5

=0-9231- j1-3846Q =1:664£~56-308Q
V=1Z=10£0%1-664£~56-308
=16-642 - 56-308" volt
Example 3.34 : Solve for I, in the circuit shown in fig 3.54

Solution :

I, I,
| !
Total circuit impedance, ! .
— -4
] ' e
Z= = T ) 20
I=10£~-—A
1o 5 CT ?
2 —j4
=1-79£26-56"Q
V,=1,2=10£-22-5" x1:79£26-56=17-9£4-06" volt  Fig3.54
v, o
I, = - =8-9524-06" 4
L o I : rad
Example 3.35 : Solve for V, in the circuit shown in fig 3.55 - Assume © =ZE
1202 oH
WA T
+ v, -
+

V =2520 VCt)

Fig 3.55
Solution : According to voltage division rule,

Py % 250 ﬁ,
12+ j2x6+6 18+ j12

145
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_ 150.£0°
21-63£33-7

=6-93£-33-7" volt

Example 3.36 : Find V,,, for the circuit shown in fig 3.56

0 4
g X =1kQ
10£ 3 mA D A"
==X, =10kn
o
Fig 3.56

Solution : Total impedance of the circuit is,
Z=jX, =X, =jl- jl0=—9k Q =9/ -90"kQ
Vo =12=(10£45° x10™) (9£-90° x 10°)
=902 — 45 volt.

In time domain form, ¥, =90cos (t:ﬂ.' = 45“) volt

Example 3.37 : For the circuit shown in fig 3.57 find the impedance Z, given o = 4 rad.sec”

Z—» +F== ézn

Fig 3.57

Solution : Total impedance of the circuit is,

Z=7,+ZR

146
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Example 3.38 : Find the admittance of the circuit shown in fig 3.58

when @ =35 rad.sec”

| 4
R e -
1 %5 4

Fig 31.58
Solfution : e

147
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] I

"7 R+Z,
1 1
=—4
—j2 3+ j4
= iy i)
2 (3-ja)(3+ ja)
=D']2"'jﬂ‘34s.
Example 3.39 : Using phasor techniques, solve for V in the circuit shown in fig.3.59.

Solution : Here o = 3rad.sec’

V =36£-60" volt

Lyy = J“:'L; =j3{3') = jIQ2
! 1

Lo ==f—7==] = - j6Q
18
Z,, =JoL, = j(3)(3) = j9Q
1

A
s z.l.!ll(z.r? + zt.‘)

B |

== g1

Zyy Z,+Z. 90 L, =3H L, =3H

S e
L S Jﬁms[]l-%] C"') L,=3H§ e

. 18
e R
0 B
9 g ;
=;E:2-25£9D Q Fig 3.59
Total circuit impedance Z=9+ j(3)(3)+ Z,,
9
=0+ jO+ j—
J J’q
=0+ j11-25
=14-407.251-34"Q

48
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i
Current flows through circuit, [ = -z—‘

362 - 60°

= =2.499/-111-34"4
14-407 251340

Voltage across £, is,
Vv, =1Z,,=2-492~111-34" x2-25£90° =5-623£ - 21-34" volt

According to voltage division rule,

Z =6
VeV X——=56232-21.34° K%
VLT j9-Jj6

=11-252-158-66" voll.
In time domain form ¥ (1) =11-25cos (3t~ 158-66° ) volt.
Example 3.40 : Using phasor technigues solve for i in the circuit shown in fig 3.60

Solution :

Here o = 2 rad.sec’ and current /, =604

From fig 3.60, 5Q and L, are connected in series.

So Z, = 5+JwL, =5+ j(2)(1) =5+ j2Q

Also %F and L, are connected in serics,

L4 jolL, ==j—t 4 j(2)(10)= = j+ j20=0+ 19
wC (2)(%)

According to current division rule,

So, Z,=-]

L, =0.5H 50
IO AN~
L, =10H
6o 2t D L,=Iﬂgh
I "
T
Fig 3.60

149
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. e
s TR L A R |

.lr:.lr - =t
5+ 240+ /19 5+ 21

& J:E2 )
=5-28213-4"4
In time domain form i(¢) = 5.28cos (E."+ 13- 4“)

Example 3.41 : Solve for i (1) in the circuit of fig 3.61, using phasor techniques, if

V,(f)=2cos2t R, =40 R, =4Q
R, C

1
L=2H and C=-F
4 ANV —|

Solution : Herew = ZE

v =240 W:" Vm@) LE

From fig 3.61

R, and C are connected in series.

1 - Fig 3.61
SoZ =W, — A =4- j2Q

wC 1
;)
Also Z, = joL = j(2)(2)= j4Q
2,2, _(4-,2)(j4)
E,+EL 4- j2+ j4
4-472/ — 26-56° x 4290
B 4+ J2
_ 17-888.263-44°
" 4.472226-56"
=4./36-8° =3-203+ j2-396Q

Now Z,_? and Rh are connected in serics,

E‘,g = ELHEL =

According to Voltage division rule,
Voltage across Z_ is,

p o La__ 240"x4236-8°
"Ro+Z, 4+3-203+ j2-396

=1-05218-4" volt

As Z, and Z, arc connected in parallel so,

Voltage across Z,, = voltage across L = voltage across Z,

150
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~ Voltage across L=V, =1-05£18-4" volt.
¥, 1-05£18-4" 1-0548-4°

Current through L= -
€ Z, j4 4.£90

=0.26252-71-6"4 .
In domain form i(r) =ﬂ~2ﬁ25cﬂs(ﬂr =TI ~ﬁ“),-l

T
Example 3.42 : Determine ), in the circuit of fig 3.62, if I/, = 4cuq[lﬂ[}ﬂ: + E} volt

L=60mH, C=12-50F and R, =1200
sl
L
e
CD-"-*. C e R, %v,
- - — s
Fig 3.62
Solution’? Here t0.=10007°%
s8cC
- 1 i ]
Z, =-j = —j80=80£-90"Q

oC 7 (1000)(12-5x10°)
Z, = joL= j(1000)(60x 107 ) = j60=60.£90°chm
¥V, =430 volt.

Apply KCL to the node as shown,
0=V, _I_Ehl*’_a__"#’F -V, -

0
R,  Z Z,
o BV Y
RL z(' EI. z.f.

151

Downloaded from www.LectureNotes.in. Contributed by Dr. RAMAPRASAD PANDA



https://lecturenotes.in

Jimindfire

BURN IGNORANCE

Mindfire is a software service provider,
with unrelenting focus on optimal software development
and delivery.

www.mindfiresolutions.com



https://lecturenotes.in/advt/click/note/121831/3

Techie Work | Talented Colleagues | Cool Workspace Zimfndﬁre

High Salary | Helpful Leadership

FUAN FTGNORNANCT

BASIC ELECTRICAL ENGINEERING

I

-

Il
N
(i+)

) v, —— == R, g v,

Sl T
— e s ol
B I Z )
v, an0 F i = o
s B i = Fig 3.63
Y . O 60£90°  60290° -
—= == [ Ty ]]

K 2 12020° 80~ —90°

_ 430" _ 4./30"
0-5290° +0-75£180° +1 0+ j0-5—0-75+ jO+ 1+ jO

__ 440 40
0-25+ j0-5 0-559.£63-43°

=7-1552-33-43" volt

In time domain form ¥, (r) = 7-155cos (1000r — 33- 43°) volt

152
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1. What is the value of ratio of effective value to average valuc of a sinusoidal waveform?

(Ist semester 2003)
&
Solution : SSclve varke =111
Average value
2. State AC transmission voltage values used in India. (1st semester 2003)

Solution : The various transmission voltages used in India are 132 KV, 220 KV, 400 KV and 765 KV.

3 A 5 Henry inductor changes its current by 3A in 0.2 sec. What is the voltage produced at the
terminals of the inductor ? (st semester 2004)
Solution : L = 5 Henry

: dl :
Voltage produced at the terminals of the inductor is, V" = L- = =l 33_2 =75V

4. In a single phase AC circuit.
V =100 + j100 volt, Z = 3 + j4 @, find the current in polar form.
Solution : ¥ =100+ j100=141-42245" volts,
Z=3+j4=5453.13°Q
Gumeng = Lo L4248 _opagy gy
Z  5/5313 _
L ¥ What is the rms value and frequency of the emfe= 10042 5in 6281

(supplementary 2004)

Solution : RM.S Value £, = M =100 volt,

2

o 628
, f =—=—=I100HZ
Frequency, f o

6. What is the resonant frequency of a circuit containing 10 ohm resistance, 1H inductance and

- ; s
I capacitance 1n series ? . (supplementary 2004)
Solution : R =108}, Le=1rT; C=10"F
1
Resonant frequency [ =
EaRe) 24/ LC

—~—l-=159-23HE

f 2% 107"
153
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7 What is the supply voltage and frequency at your house?

Solution : Supply voltage = 230 V and frequency = 50 Hz,

3. An altermating voltage is represented by V =282 (314 1 + 60"). What is the frequency, rms
value, maximum value and phase angle of the voltage ?

(Ist semester 20035)
Solution : V = 282 sin (3141+60").
We know, V' =V _ sinay
Comparing these two equations we get,
V., =282 volt. = maximum value of A.C.
Phase angle ¢ = 60"

RMS value of alternating emf = 2%;52 =199-43 volt.

Frequency of alternating emf , [ = % L S0H:

9. A series circuit comprises an inductor of resistance 10 ohms and inductance 159 W/ and a
variable capacitor connected to a 50 mv sinusoidal supply of frequency | MHz What value
of capacitance will result in resonant conditions and what will then be the current? Calculate

'II'I{‘: Q=ﬂ'll.‘:l'ur ﬂfﬂ]ﬂ Ciﬂ:uit. ﬂ.‘l‘.l' semester ‘?ﬂﬂs)
Solution : R =104}, L=159%10"H, =7
E=50%10" volts, [ =10"Hz
|
S = omdic
o T g ~159.47 PF
AL 4n?(10°) -159x10°
-3
Girent [ 622 i 10 i
Q-factor of the ~::ir::uit--|~\]z~—l 15910 =0985
RNC 10Y159-47x107"

10. An AC emf'is given by ¢ =200sin [6231 - E) V. What is its rms value, frequency and phase
angle ? (1st semester 2005)

Solution : e = 200sin [EZE! + E] volt.
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RMS value of ACemfis £, = % =141-44 voll.

L w 628
Frequency of AC emfis [ = — -2;= 100H=

_ 1/ — 4c?
Phasc angle ¢ = % =45".

11. A circuit contains an inductance of 1H in series with a resistance of 100£2. A voltage of
e= lﬂ[}ﬁ sin 3141 volt is applied across the circuit. Express the rms value of current in polar
form, complex form. Give the expression for instantancous current under steady state.

(2nd semester 2005)
Solution : L= 1H, R=1008

e =1002 sin314¢ volt.

() 14
Frequenc =—=—=50H/:
q yJ o on

X, =oL=2nL=2r(50)(1)=314Q
Z=R+jX, =100+ j314=329-53,72-33° Q
10042

E =———=100voll.

™ 2
B 100.20
Z  329.53.72:33°

RMS value of current 7, =

=0-3034£—72-33" 4
In complex form the rms value of current is /| =0-092 = 70289 4

Instantancous current is given by

:3034+2sin (3141 - 72.33° )

An RLC series circuit is resonant at a frequency of 100 Hz. The value of the capacitor is
changed so thal the circuit resonates at a frequency of 200 Hz. Find the percentage changes in
the capacitor values & the current at resonance the applied voltage remaining same.,

(2nd semester 2003)

]
Eitxl'rEE

Solution : Resonant frequency [/ =
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Clcﬂriyfﬂ:r.]icﬂ‘:
i _ (€2
TET A

But f, =100Hzand f, =200z

@_E
200 \C,

LGl
c, 4
=C, =4C,

. ) G —
% change in capacitor = IC £ %100

&
X
b

=75 5"’:

Two impedances 15260° ohm and 10£-30° ohm are connected in series and their series
combination is conneeted in parallel with another impedane of 30245 ohm. Find out the

equivalent impedance of this connection. (Ist semester 2006)

13.

Solution : Z =15460"Q,Z, =10£-30°Q,  Z, =30£45'Q
7, Gt a)(Z) , ,
Z+2,+Z; —1__,_I‘ E
[15£60+10£ -30][302£45° ] S
15.260° + 102 = 30" + 30.245" 7
_ [7+ 13+8-66- j5][30245° |
7+ j13+8-66— j5+21-21+ j21:21

_17-58£27-06x 30.£45"
- 470323838

=11-214£33-68" ohm

=9.332+ j6-219Q
A circuit having a resistance of § ohm, an inductance of 0.5 H and a variable capacitance in

14.
series is connected across a 220 V, 50 Hz supply.
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Calculate :
(i) The capacitance to give resonance.
(ii)  The voltage across the capaditance and theinductance.
(iii) The Q-factor of the circuit. (Isf semester 2006)
Solution : R=5Q,L=05H, =2
V=220volt, f=50Hz
' I
1 =
® 4 2nLC
! I
C=—m————=— - =20-28uF
4’ f°L  4n*(50) (0-5)
2
(i) Current under resonant condition [ = % = ? =44 4
rad
Angular frequency © = 2rf = 2n(50) =31 ¢E
Voltage across inductance =V, = JnL =(44)(314)(0-5) =6908 volt.
! 44
Voltage across capacitance =V, = ——= = 6908 volt.
DHageacrT AN €T WC  314x%20-28%10°
(approximately)
| I 0-5
= Jactor = —.l— == f—————mmr =34
Y SRR J; 5Y20.28x10°
15. Two impedances Z, =2+ joand Z, =6- jl2 ohm are connected in series, So that they are
additive. Find the resultant impedance in polar form. (2nd semester 2006)
Solution : Z=2 +Z,=24 j6+6- jl2
=8§— j6=10£-36-87" ohm.
16. A current of 20 A flows in a circuit with a 30" logging when the applied voltage is 200 V. Find
the resistance and reactance. (Ist semester 2007)
Solution : 1=20£-30"4
V=200V
Fula 2N 10.50%=8 66+ /5 ohm
I 20£-30
Resistance R =866
Inductive reactance = X', =5Q
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17. A resistor and an inductor are connected in series and the combination is connected across a
single phase AC supply voltage of 230V at 50 Hz, The voltage across the inductor is
measured and found out to be equal to 150 V. The current drawn by the circiitis 5A lageing
37 degrees behind the supply voltage. Find the resistance of the resistor and the resistance and
; ; = : 4
inductace of the inductor. What is the p.f. of the inductor (Ist semester 2007)

Solution :

R r L
AWM AMA— TR ¢
>
I v, I v P
"l"‘\“q .e-""r--'-.’ /
B ’.Q.t'ﬂ.f,-“"
1 = NI ' ”':
b
", A :
L, ] a7’ ) ey
230 v, 50 Hz V., A I i B
Given V=230volis, I, =150 volts
I=5£-37" 4
f=50Hz
w=2nf = 314”’—d
SCC

23020

Total impedance of the circuit, £ = e 463762 =36-73+ j27-68C)

Total resistance of the circuit=R +r=36.73 O

Inductive reactance = X', =27-68)

Ay 2
Inductance L= -—(:]— Tl =0-088 Henry.

314
In A ABC, AB =AC? - BC?

= tr=J(150)* - (14, )" =(150)" - (5x27-68)

= Ir=57 83 C\

5783 57-83 y
= zj_-nsm .

But R+r=36-73 (8“1#
=R=36-T3-r=36-73-11-56=25 1602
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18. A coil of resistance 60 ohms and inductance 0.8 H is connected in series with a capacitor, The
resonant frequency of the circuit is 60 Hz. I the supply given to the above series combination
is 230 V, 50 Hz then find

(i) Linc Current.

(i} the Power factor

(iii)  the voltage across the coil. (Ist semester 2007)

Selution : R =6000, [=08H,C="?
V=230volts, f=50Hz

Resonant frequency = 60 Hz

1
=
ZnyLC

=60

C= —— =8804x 10 F
4n® (60) (08)

X, =2mfL=2r(50)(0-8)=251-2Q
1 I

Xe=re= =361-734Q
€ 2mfe 2m(50)(8-804x10°)

Impedance of the circuit, Z= R+ j (X, = X )
=Z=60-j110:534=1252-61"Q

Vo 23020 o
i i t,l=—=——=1-84261" 4
(i) Line Curren = Ose 6

(ii) Powert factor = cos & = cos 61 0= 0.484
Impedance of coil R+ jX, =60+ j251-2=258-26£76-56" ohm,
Voltage across the coil = 1-84.261° x 258-26£76-56°
=475-19.£137 -56" volt.

19, What is the equation of a sinusoidal current of 60 Hz frequency having an rms value of 50 A?

(2nd semester 2007)

{
Solution : w=2nf =376-8 rad
sec

1, =502=70.74
i=T70-75n376-8t 4

s —
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20. In the parallel circuit shown in figure, the voltage across 3 ohm resistor is 45 volts. Calculate
the total current I and draw the complete phasor diagram. (2nd semester 2007)
L ! ]. fj, L
50 jo
jin T ~ j36)
Solution : Voltage across 360 = 45 volts, B I
45 ) h .
Current through 3Q = 3 =154 50 10
ws L
=1,=154 |-
; 14 - j30
Z,=3-j3=4.24/-45"Q T

b, =45° (lead)
V,=I1,Z,
=15x 4.24
=636 volts.
V, =V =636 volts.
Z =5+ ;2
=5-38221-8°Q
¢, =21-8° (lag)

636
' 5.38.21-8

=11.82-2-21-8" 4

Total Current [ = I+l
=11-822-21-8°+15-45
=21-5744 j6-211

Downloaded from www.LectureNotes.in. Contributed by Dr. RAMAPRASAD PANDA


https://lecturenotes.in

AC NETWORK ANALYSIS

21 A generator supplies a variable frequency voltage of constant amplitude 150V (rms) to a
series R-L-C circuit having R = 10 ohms, L = 5 milli henry and C = 0.15 micro farad. The
frequency is to be varied until maximum current flows in the circuit. Predict the maximum
current, the frequency at which it occurs and the resulting voltage across the inductance and

capacitance.
(2nd semester 2007)

Solution : R=100Q, L=5x10"H, C=0.15x10°F, V=150 volts.
¥ 150

Maxi tl=—=—=154
aximum curren ==

|
f: = =5814-62 Hz
2nVLC  25% 107 %0-15% 107

Voltage across inductance =)/, = fwL=1(2nfL)

=15(2nx 5814-62x 5% 107 ) volts,

=2738-69volts.

I
Volta it = sll—
oltage across capacitance =V, [ 3 E')

e
2% 5814-62x0-15%107°
=2738-69 volls.

22, A resistor of 20 ohms in series with a (1.5 H inductor is connected across a supply at 250 volt,

60 Hz. Find the current through the inductor.
(Ist semester 2008).

Solution : R=200, L=0-5H, V =250volts. f=60Hz
X, =0L=2r(60)(0-5)=188-4Q
Z=R+jX, =20+ j188-4=189-45283.94"

s 250 .£0
Current through the inductor, [ = i = i
Z 189-45283-94

=1-322-83.94" 4

23, A circuil consists of a resistor of 15 ohms in series with a capacitor of 50 micro farads. The
frequency is 60 Hz. Calculate the conductanee and the susceptance of the circuit.

(15t semester 2008)

161
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Solution : R=15Q, C=50x10"F, f=60Hz

Capacitive reactance, X.= 2 = ... =53-07%2

wC 2nfc

Z=R-jX,.=15-j53.07=55-15£4-74"Q
1 I
Y=—=—"-=0-01813£74" =4.997% 107 + j0-0174 mh

£ 55:15£-74" / e
ButY =G+ jB.
Conductance G = 4-997 x 10™ mho and susceptance B =0-0174 mho.

24.  Two impedances 252 —50" and 15245 are connected in parallel. Find out the resultant
impedance in rectangular form. (Ist semester 2008)

Solution : Z, =25£-50° =16-07 - j19-15Q
Z,=15245"=10-606+ j10-606Q

722 25 £ - 50%15.245

Resultant impedance, Z = =
Z +Z, 16-07—;19-15+10-606+ ;10606

_ 375£-5°
T 26-676— j8-544

=13-05+ j2-95

25. A coil of resistance 2.5 ohms and inductance 0.02 H is connected in series with a capacitor
across 230 V mains. What must be the capacitance in order that maximum current oceurs at a
frequency of (i) 30 Hz (11) 60 Hz and (iii) 120 Hz ? Find also the voltage across the capacitor

in each case. (1st semester 2008)
Solution : R=2.5Q L=0.02 H, C=7 V =230 volts.
(1) Under resonant condition, current flows through R-L-C series circuit is maximum.

1
ImJLC

Resonant frequency [ =

I 1

SC=—m—m=— — = 14086
4ncLf  an’(0-02)(30)
. |
(ii) When [ =60 Hz then C = — —— =352 . JUF
4n” (0-02)(60) 3 *
(iii) ~ When =120 Hz then C = ! — =87 -95uF

4r* (0-02)(120)°
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26.  Twoimpedances of value (5+j6) ohms and (8-j3) ohms are connected in parallel. What would
be the net equivalent impedance of the combination ? What would be the phase current with
respect to the supply voltage, when the combination is excited from a 220V, 50 Hz single
phase AC supply ? (Ist semester 2009)

Solution : Z, =5+ j6=781£50194Q
7, =8- j3=8-544£-20-55Q

Z.
Equivalent impedance Z=—"-
Z+7Z,
_ 7-81£50-194x 85442 -20-55
5+ j6+8-j3
_66-728229-644
13-341.£13"°
=5216-644£)
l.-"'
Phase current / = — = 0o & =404 -16-644" 4
Z 5716-644
27. Calculate the combined impedance and admittance in polar form when three impedances of
value 5230 Q2 , (3+j6) ohms and (4-j8) ohms are connected series. {Ist semester 20009)
Solution : Z, =5230" =4-33+ j2-5 ohms

Z, =3+ j6ohms

Z, =4— jBohms

Z=Z +Z,+Z;,=4-33+42-5+3+ jo+ 4 /8
=11-33+ j0-5=11-342-5Q

1 1
Y=—=—— =0-088.-2-5mho.
Z 11:04225
28. An inductor of inductance 50 milli henries is connected in serics with a capacitance of 10

micro-farads. Find the impedance of the circuit when the frequency is (i) 50 Hz and (i1) 5

KHz. (2nd semester 2009)
Solution : L=50x10"H,C=10x10"F

() X, =oL=2nL=2r(50)(50%x10")=15-70

11 !
Ee—=——= ——=318-47Q
©wC 2 2r(s50)(10x10°)

r

Impedance of the circuit = X . = X, =302- 770 (capacitive)

163

i 18 R T
w1 e e R T
St 0 T LI

Downloaded from www.LectureNotes.in. Contributed by Dr. RAMAPRASAD PANDA

- e L N . e = -
o - 8



https://lecturenotes.in

BASIC ELECTRICAL ENGINEERING
(i) X, =2nL=2r(5x10")(50x10"")=15700
! !

X. = = =3:1840Q
© e an(5%10°)(10x10)
Impedance of the cireuit =X, — X =1566-8160 (Inductive)
29, A resistor of 25 ohms in series with a 0.45 micro-farad capacitor is connected across a supply
at 270 V, 70 Hz. Find the current through the capacitor. (2nd semester 2009)

Solution : R=250, C=0-45x%10"F
V = 270 volis. =70 Hz.

Capacitive reactance X . = 21 (70)0 I45 10°°
T A X

=5055-10Q

Impedance of the circuit, Z=R — jX
=25~ j5055:10

=5055-16£-89- 71"

i ¥ 2
Current through capacitor, | = — = 1040

Z  5055-162-89-71

=0-0534.289-714

30. A circuit consists of a resistor of 10 chms in series with an ideal inductor of 4.5 Henries. The
frequency is 70 Hz. Calculate the conductance and suseeptance of the circuit.

(2nd semester 2009)
Solution » R=100, L=4-5H, [ =T0Hz, X, =2rfL=1978-2Q)
Z=R+jX, =10+ j1978-2=1978-22.489.7Q

... =2.55%10"" mho

Conductance in series circuil, G = —=— -
Z°  (1978-22) Ut
/

. & . . XJ'
Susceplance in series circuit, B = = 5-055 mhoZ( l h)
£4

31, Two admittances 0-025.2 = 50" and 0-01 5" are connected in parallel. Find out the
resultant impedance in rectangular form, (2nd semester 2009)

Solution : ¥ =Y, +¥, =0-0252-50" +0-015245"
=¥ =0-016-j0-0191+0-0104 j0-010
=¥ =0-026- 91107 =0.02752-19-3" mho
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Z= ' -
0-0275£-19-3

=36-3063219-3°

= Z=34-32+ j12-018 ohms

32. A single phase AC supply voltage of 230V at 50 Hz is applicd to a coil of inductance 4.5
henrics and resistance of 2.25 ohms in series with a capacitance 'C'. Calculate the value of
capacitance 'C' so as to obtain a p.d. of 255 V across the coil.

(2nd semester 2009)

Solution : V =230 volts, f=50 Hz. L=4.5H, R=2250 C=2
, R L 11L&
Inductive reactance AN ——TT00™ 11
1 !
X, =2nfL = 2r(50)(4-5) VitV .
= 1413 ohms, ""' ’
! ) |
e/
W

Impedance of coil =2, =R + X} =+/(2:5)" +(1413)° =1413 ohms

fMlowing through the coil, / Vea _ 235 _ 18054
Current flowing through the coil, / = Z., AL ;

V 230
ircuit, Z=—=————=1274-240)

Impedance of the circui T 0-1805
But Z2=R*+Xx?

= X =Z' - R? =,(1274.24)" - (2.5)7 =1274.235 ohnis

= Met reactance = 1274.235 ohms.
case (i) X', =X, =1274-235

=X.=X, —1274-235=1413-1274-235=138- 76402

1 I : R
= = = — =22-95F inductive circuit)
o, " 2m(s0)(38-76a) o R

casc (ii)Also X, — X, =1274-235

=X, =1274.235+ X | = 1274-235+ 1413 = 2687 -23

| | s o
=(C= ax. = 27(50) (2687 -23) = |-185WF (capacitive circuit)

165
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T3.1  The instantancous voltage and current for an AC circuit are V = 155.6 sin 377t volt and
1=7.07 sin (3771 - 36.870) A

A. Represent these (a) as complex exponentials

_ (b) In a phasor diagram

(c) The frequency (in hertz),

(d) The period

(e) The phase angle between V and i (in radians).
[p =155:6e/" (V) i=7-07¢/C7 %) (A4)60H=,0-0167 5, 0-64 rr.*d]

T 3.2 The voltage wave of Fig. T3.] is applied to a 200 resistor. If electrical energy costs 6 per kWh,
how much would it cost to operate the circuit for 24 hours ? |Rs24)

Vi
100

001 002
Fig T 3.1

T3.3 Givenv=200sin377t V and i =8 sin (3771 - 300) A for an AC circuit. Determine (a) the power
factor, (b) ture power, (c) apparent power and (d) reactive power,

[0.866 lagging, 692.8 W, 800 VA, 400 VAR]

T34 A coil has a resistance of 10£2 and draws a curret of 5 A when connected across a 100 V. 60
Hz source. Determine (a) the inductance of the coil, (b) the power factor of the circuit. and (¢) The
reactive power [45.94 mH, 0.5 lag. 433 VAR]

T3.5 A scries RLC circuit is excited by a 100 V, 79.6 Hz source and has the following data ; R =
100 f1, L = IH, C = 5uF. Calculate (a) the input current, and (b) the voltages across the clements.

[0.707 £ - 45°,70-7 £ - 45", 282 .82 - 135"
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T3.6 For the circuit shown in Fig. T3.2 I M v,
cvaluate the current through, and the |
voltage across, each clement. Then dra a + L I
phasor diagram showing all the voltages 1732.0° VC)
and currents. - 200 —— 11,550
= :
0
Fig T 3.2

[100£-30"V,100£30° 1, 10.£30° 4,52~ 30" 4, 866 260" A]

T3.7 A 20Qresistance is connected in senies with a parallel combination of a capacitance C and |
15 mH pure inductance. At angular frequency w = 1000 rad/s, find C such that the line current is 45"
out of phase with the line voltage. [1{3 67uF, 116 .';-'“;-‘]

T 3.8 A 46-mH inductive coil has a resistance of 1082 (a) How much current will it draw if
conneced acrossa 100 V, 60 Hz source ? (b) Whal is the power factor of the coil 7 (c) Determine the
value of the capacitance that must be connected across the coil to make the power factor of the overall
circuit unity.

[S.Gzi - 60 4, 0-5lagging, 1 lﬁuF]

T 3.9 The instantancous values of two allernating voltages are given by V|, =5sinwr and
¥V, =8sin(wr — m / 6) obtain expressions for (a) I, +V, and (b) ¥, =V,

[(a)12 - 58sin (1w — 0-324),(B) 4 - 4dsin (wr + 2-02) ]

T 3.10 A coil of inductance 636.6 mH and negligible resistance is connected in serics with a 100
resistor to a 250V, 50 Hz supply. Calculate (a) the inductive reactance of the coil, (b) the impedance of
the circuit, (c) The current in the circuit, (d) the p.d. across cach component, and (¢) the circuit phase
angle.

[(r::l 200, (5) 22368, (e)1- 1184 (d)223-6V,111-8V (r) 63-43° i’ﬂggfug]

T 3.11 Analternating voltage given by V=100 sin 240t volts is applied across a coil of resistance 32
Q and inductance 100 mH. Determine (a) the circuit impedance, (b) the current Nowing. (c) the p.d.
across the resistance and (d) the p.d. across the inductance,

[(a) 40 (b)1-774(c) 56 64V (a) 42 - 48V ]

T 3.12 Al alternating voltage V=250 sin 800t volis is applied across a series containinga
3062 resistor and S0u/" capacitor, Caleulate (a) the cireuit impedance (b) the current flowing, (c) the
p.d. across the resistor, (d) the p.d. across the capacitor, and (¢) the phase angle between voltage and
current.

[(a)39-052(b)4-5264(c)135-8V (d)113 21 (¢) 39-81° leading |
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T 3.13. A coil takc.s a current of 5A from a 20 V d.c. supply. When connected to a 200V, 50 Hz a.c.
supply the current is 25A. Calculate the (a) resistance, (b) impedance, (c) inductance of the coil.

[(a) 4Q (b) 8 (c) 22.05 mH]|

T. 3.14 A voltage of 35 V is applicd across a C-R series circuit. If the voltage across the resistor 15
21V, find the voltage across the capacitor. |28V]

T3.15 A resistance of 50 is connected in series with a capacitance of 20uF. If a supply of 200 V,
100 Hz is connected across the arrangement find (a) the circuit impedance, (b) the current flowing,

and (c) the phase angle between voltage and current.
[(2) 93.980 (b) 2.128A (¢) 57.86" leading]

T3.16 An alternating voltage v =250 sin 800t volts is applicd across o series circuit containing a 30
Q resistor and 50F capacitor. Calculate (a) the circuit imp edance, (b) the current flowing (¢) The p.d.
across the resistor, (d) the p.d. across the capacitor, and (¢) the phase angle between voltage and
current. [(a) 39.05Q (b) 4.520A (c) 135.8V (d) the voltage across the coil, and (e¢) the voltage across
the capacitor. [(a) 13.180 (b) 15.17A (<) 52.630 lagging (d) 772.1V (e) 603.6V]

T3.17 A 4009 resistor is connected in series with a 2358 puF capacitor across a 12V a.c. supply.

Determine the supply frequency if the current flowing in the circuit is 24mA. [225 kHz|

T3.18 A 40WF capacitor in series with a coil of resistance 882 and inductance 80mH is connected to a
200V, 100 Hz supply. Calculate (a) the circuit impedanc, (b) the eurrent flowing, (c) the phase angle
between voltage and current, (d) the voltage across the coil, and (¢) the vollage across the capacitor.

[(a) 13.18Q (b) 15.17A (¢) 52.63" lagging () 772.1V (€) 603.6V]

values of resistance R and inductance L in the circuit of Figure T3.3
[R=131€, L =0.545 H|

T.3.18 Find the

L

R S

J=15£=35"d

740 V, 50 Hz
Fig T 3.3

are connected in scries across 100V, 2 kHz supply. The impedance

of 0.45 mH and 262 resistnee, (i) an nductance of 570w/ and 582
10uF and resistance 302, Assuming no mutual inductive
impedance, (b) the circuit current, (¢) the

T 3.19 Three impedances
comprise (i) an inductance
resistance, and (i) a capacitor of capacitance
offects between the two inductances calculate (a) the circuit
circuit phase angle and (d) the voltage across cach impedance

[(2) 11.1202 (b) 8.99A (¢) 25.920 lagging (d) 53.92 V, 7853 V, 76.64 V|

168

‘4

Downloaded from www.LectureNotes.in. Contributed by Dr. RAMAPRASAD PANDA


https://lecturenotes.in

AC Network Analysis
Z. Z,

T 3.20 For the circuit shown in Figure T3.4 determines I [ eyt
the voltages V, and V; if the supply frequency is 1 kHz. !—‘-l-_-F E__—! II-——
Draw the phasor diagram and hence determine the supply j =24 AR e
voltage V and the circuit phase angle. v, | ‘*": .
[V=26.0V, V,=67.05V, V=50V, 53.14" leading] v

Fig T 3.4

T 3.21 An impedance 15 + j2062 is connecled across a
125 V, 60 Hz source. Find (a) the instantan¢ous current through the load, (b) the instantaneous power,

and (c) the average active and reactive powers.

[(a) 7.07 sin (377t-53.1%) A; (b) 1250 sin 377t sin (377t - 53.1") (W); (¢) 375 W, 500 VAR]

T 3.22 A voltage source of 100 V has internal impedance 0.1+).F capacitance. Determine an
equivalent series RC circuit such that the two circuits have the same impedance at an angular

frequency of 1000 rad/s. [R=48L), C=27.8 uF]

T3.24 An AC circuil with a current excitation 0002
is shown in Fig. T3.5. Determine (a) the T [
voltage Iaclmss ﬂ.m 1|1ductanca.?. and (b) the iR s

power dissipated in the two resistances.

JELLLES

[(a) 20 £0¥; (b) 2 W]
Fig T 3.5

T 3.25 A 309 resistor is connected in parallel
with a pure inductance of 3mH across a 110V, 2kHz supply. Caleulate (a) the current in each branch,

(b) the circuit, (¢) the circuit phase angle, (d) the circuit impedance, (c) the power consumed, and (f)
the circuit power factor.

[(2) IR = 3.67A, IL = 2.92A (b) 4.69 A (c) 38.51" lagging (d) 23.45Q (¢) 404W (1) 0.782
lagging].

T 3.26 A 4082 resistance is connected in parallel with a coil of inductance L and negligible resistance
across a 200V, 50 Hz supply and the supply current is found to be 8A. Sketch a phasor diagram and
determine the inductance of the coil. [102 mH]|
T.3.27 A 1500 nF eapacitor is connected in parallel witha 16€2 resistoracross a 10V, 10 kHz supply.

Calculate (a) the current in each branch, (b) the supply current, (¢) the circuit phase angle, (d) the
circuit impedance, (e) the power consumed, { {) the appaent power, and (g) the circuit power factor.

Sketch the phasor diagram.
[(a) IR =0.625A, IC=0.943A (b) 1.131 A(c) 56.46" leading (d) 8.8402 (¢) 6.25W () 11.31 VA
(g) 0.553 leading].
T. 3.28 A capacitor C is connected in parallel with a resistance R across a 60 V, 100 Hz supply. The
supply current is 0.6A at a power factor of 0.8 leading. Calculate the values of R and C.
[R = 1250, C=9.55uF]
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T3.29 Aninductance of 80 mH is connected in parallel with a capacitance of | 0uF across a 60V, 100

Hz supply. Determine (a) the branch currents, (b) the supply current, (¢} the circuit phase angle, (d)
the circuit impedance and (e) the power consumed.

[(2) IC=0.377A, IL=1.194A (b) 0.817A (¢) 90" Ingging (d) 73.44Q (¢) 0 W)

T3.30 A coil of resistance 602 and inductance 318.4 mil is connceted in parallel with a 15pF
capacitor across a 200V, 50 Hz supply. Calculate (a) the current in the coil. (b) the current in the
capacitor, (c) the supply current and its phase angle, (d) the circuit impedance, (¢) the power
consumed, () the apparent power and (g) the reactive power. Sketch the phasor diagram,

[(a) 1.715A (b) 0.943A (c) 1.028A at 30.88" lagging (d) 194.622 (¢) 176.5W (N) 205.6VA (g) 105.5
var]

T.3.31 A25nF capacitor is conneeted in parallel with a coil of resistance 2 kQ and inductance 0.20 H
across a 100V, 4kHz supply. Determine (a) the current in the coil, (b) the current in the capacitor, (c)
the supply current and its phase angle (by drawing a phasor diagram to scale, and also by calculation),
(d) the circuit impedance, and (e) the power consumed.

[(a) 18.48 mA (b) 62.83 mA (c) 46.17mA at 81.49" leading (d) 2.166 kQ (c) 0.683W]

T 3.32 Find the resonant frequency of a series AC circuit consisting of a coil of resistance 100 and
inductance 50mi and capacitance 0.051F. Find also the current flowing t resonance if the supply
voltage is 100V, [3.183 kHz, 10A]

T 3.33 The current al resonance in a series L-C-R circuit is 0.2 mA. If the applied voltage is 250 mV
at a frequency of 100 kHz and the circuit capacitance is 0.04uF, find the eircuit resistance and
inductance. 11.25 k€2, 63.3uH]

T 3.34 A coil of resistance 2582 and inductance 100mH is connected in series with a capacitance of
0.12uF across a 200V, variable Irequency supply. Caleulate (a) the resonant frequency, (b) the current
at resonance and (c) the factor by which the voltage across the reactance is greater than the supply
voltage, [(2) 1.453 kHz (b) 8A (c) 36.51]

T3.35 Caleulate the inductance which must be connected in series wth a 1000 pF capacitor to give a
resonant frequency of 400 kHz. [0.158 mH]

T 3.36 A series circuit comprises a coil of resistance 202 and inductance 2mH and a 500 pF
capacitor. Determine the Q-factor of the circuit at resonance. I the supply voltage s 1.3V, what is the
voltage across the capacitor 7 1100, 150V]

T 3.37 A 0.154F capacitor is connected in parallel with a coil of inductance 50mH and unknown
resistance R across a 120V, 50 Hz supply. If the circuit has an overall power factor of 1 find (a) the
value of R, (b) the current in the coil, and (c) the supply current.

[(a) 4.11 KHz (b) 38.74mA|
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T 3.38 A 30uF capacitor is connected in parallel with a coil of inductance 50mH and unknown
resistance R across a 120V, 50 Hz supply. If the circuit has an overall power factor of | find (a) the
value of R, (b) the current in the coil, and (¢) the supply current.

[(2) 37.68Q2 (b) 2.94A (c) 2.714A]

T 3.39 A coil of resistance 25€ and inductance 150mH inductance is connected in parallel with a
variable eapacitance across a 10V, 8 kHz supply. Calculate (a) the capacitance of the capacitor when
the supply current is a minimum, (b) the dynamie resistance, and (¢) the current at resonance and (d)
the Q-factor at resonance. [(a) 127.2 Hz (b) 600L2 (c) 0.10A (d) 4.80]

T. 3.40 A coil of resistance 1.5 kQ and 0.25H inductance is connected in parallel with a variable
capacitance across a 10V, 8 kHz supply. Caleulate (a) the capacitance of the capacitor when the

supply current is a minimum, (b) the dynamic resistance, and (c) the supply current.

[(a) 1561 LF (b) 106.8 kQ (c) 93.66 pA|
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AC Power

In a DC circuit the expression for power is very simple and is given by P = VI, However in AC circuit
the power is not a steady value as both voltage and current are alternating in nature and they may not
be in same phase. Unlike DC power, AC Power is a complex quantity which comprises of both real
{active) and imaginary (reactive) power.

5.1  Power in AC circuits

In an A.C. circuit, the voltage and current are continuously changing, so power value changes with
time. The average value of a varying power (p) is 2, = % Lr pedt= ﬁ J“;l -¢ff. This average power is

called as active power or true power.

When electric energy is delivered from A.C. supply to resistive loads then the energy is dissipated in
the same way as D.C. dissipates energy ina resistor, The power thal gives rise to energy dissipation in
a resistor is called active power (i.c. I R, where 1 is the rms value of current that flows through
resistor R). For pure reactive loads (inductive /eapacitive loads), the energy is delivered to the load
and then that energy returned to the source. The power deseribing the rate ol energy moving in and out
of a reactance is called reactive power. I1"a circuil containing both resistance and reactance then there
is a mixture of active and reactive powers.

5.1.1 Instantancous and Average Power

Inan A.C. circuit the power at any instant is called instantancous power It is equal to the product of
the values of voltage and current at that instant. In an A.C. circuit, Let the instantaneous voltage and
current are, v="V_sinwrand i=1_ sin(wt - ).

: The instantancous power is given by,

p=vi=V_sinor. I, sin{or- o)
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=V_I, sinwr. sin(wr-o)

B2 ] =

L C+D  C=1)
Kol [““5¢—¢UE(3f11f—¢]_] [:.cnst'—cnsﬂzlsm ; gin — ]

I I
==V I coso——V 1, cos(2wr - ¢)
2 .
The second term in right hand side of the above equation contains a double frequency (2w) term, So
the magnitude of the average value of this term is zero. [Uis because average ofa sinusoidal quantity of
double frequency over a complete eycle is zero. Thus the instantancous power.
L, 1
p==V I _cosd—-0==F_I cosd
2 2
This instantaneous power is the average power in the A.C. circuit.

Average power in A.C. circuil is given by

——V I cost= cﬂs =V Icos
where V' =—%= r.m.svoltageof A.C.
.\{—
[= -I—E-“'r‘m s current of A.C
ﬂ - n ki " -

& = angle between V and |
5.1.2 Power in Pure resistance

In a purely resistive A.C. circuit the voltage and current arc in same phase. Let at any instant voltage
and current are,

v=}_sinwf and i= [ sinoy

Instantancous power p=vi =V _sinwt. /_ sinmf

=V sin®. 7, sin@ =V_I sin” {-l—ll’.f (I~cm;2El) ('.'El=mf)

Average power, P = average of p over one cycle
s

=], - _j' _V 1 (1=c0s20).46

” -Iljl 0 — M—JEUEZB B
4m 0 4 0
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The power wave form is shown in fig 5.1
From the power wave form it is seen that the
power I remains positive throughout the
cvele. It is due to the fact that the voltage and
current are in same phase. Even when both P
voltage and current arc negative their product

- -

-

- —

g —

is still positive. This shows that direction of 0

power {low is from souree to load resistance
R. The energy received by R is called active
energy. [tisconsumed in R and appears in the
form of heat. The rate of this consumption is
the active power.

5.1.3 Power in Pure inductance

- s . . il .
In pure inductive A.C. circuit current lags the voliage by 907, Let at any imstant the voltage and current

in the circuit are v=/,_ sinwf and i =/, sin(or — 90)
[nslantaneous power p

=V_sin@-/, sin(6-90) =V [, sin®-sin(B-90) =-1_I sinB- cos0d

LA

= A (P

= —="5in20 (-0 =0wr)
2
Average power I = average of Pover one cycle
s | =V 1 .

=i T;J-d'ﬂ=— ——=-5in 20 - d0

20 2w 40 2
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W V.1 [=cos207]"
4 4 A
=V, 1,|—cosdn . cos()
 4rn 2 2
—lfm!m[—l+1] g !,T
R A, 1) = | = I
am |2 2 L

Thus in a purely inductive A.C. circuit the average
power over a complete cycle is zero. The power
wave form may be plotted by multiplying at every
instant the values of voltage and current obtained
from their waveforms. The power wave form is
shown in fig 5.2.

Fig 5.2

5.1.4 Power in Pure capacitance

In a purely capacitive A.C. circuit the current leads the voltage by 90°. Let at any instant the voltage
and current in the circuit are v=V, sinmt and i = I _ sin(wi+ 90),

Instantaneous power P = vi=V_ sinwr. [/, sin(wr+90)
=V, sin@- 7, sin(0+90) {0=w}
=V_I_sin8:sin(6+90)

=V_I_sinB-cosB

:MSiﬂzﬁ
2

1 in,
Average power, P = = Lw s

,
1 = V1

= ™ 5in 28 - df
r 2

—cos20 "
2 i}
[ncosdn Eﬂsﬂ:|
4+
2 2

1 VI

m 2

L 6
T 4n
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Thus in a purely capacitive A.C. circuit the active power
over a complete cycle is zero. The power wave form is
shown in fig 5.3. 1

From fig 5.3 it is clear that positive power is equal to
negative power over one cycle. Hence net power
absorbed in a pure capacitor is zcro.

Fig 5.3

5.2 Reactive Power

Reactive power gencrates from reactive clements (i.e. inductance or capacitance). The product of
r.m.s. values of voltage and current with the sine of the angle between them is called the reactive
powerin A.C. circuit. It is represented by symbol Q and its unit is VAR,

O =¥sing
: ; . A 2 ¥
Reactive power in a purely inductive circuit Q,=VI=I"X, = F
L
; Vi
Reactive power in a purely capacitive circuit Q. =V I=I"X, =—=

i

The reactive power of inductance (Qy) is positive while that of eapacitance (Qc) in negative. It is
because reactance of inductance in positive (i.e. X, ) and reactance of capacitance is negative (i.e.
-jX¢). We thus say that an inductance absorbs reactive power while a capacitance injects reactive
power. In inductance, reactive power is utilized to develop the flux while in the capacitance, the
reactive power's function is to store charge. The other names of reactive power are wartless powerand
guadrature power.

5.3  Complex Power

The product of rms values of voltage and current in a circuit is called apparent poweror complex
power. 1L is represented by 5 and its unit is VA,

S=VI
= (1Z) I {~v=1z}
=1"Z
In complex form,
8 = P+ jO, for inductive circuit.
S =P — jOQ, for capacitive cireuir.
Where P is active power (or true power) and Q is reactive power.

( 207
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Magnitude of § = m

Complex power (s) can be obtained from the product VI*,
S=VI*

where 1* = conjugate current.

3.4. Power triangle

It is the geometrical representation of the apparent power, active power and reactive power. In an
inductive load the impedance triangle is shown in fig.5.4 (a) Multiplying cach side of the impedance
triangle by 1" we get the power triangle as shown in fig.5.4 (b).

PX=0Q

R
(a)

fig 5.4

From figure, P=Scos¢ and Q= Ssing Also ¢-=tan"(

p-flie}

)

55 Power factor

The ratio of the active power to the apparent power in an A.C. circuit is called as power factor of the
circuit.

active power ( p} Vi cosg
-~ =cosh
apparent power (s) ]

Power factor =

The power factor of an A.C. circuil is also equal to the cosine of the phase angle between the applied
voltage and the circuit current.

A circuil in which the current lags the voltage (i.e. in inductive circuit) is said to have a lagging power

factor. Similarly a circuit in which the current leads the voltage (i ¢ in capacitive circuit) is
said to have a leading power factor.

From impedance triangle, power factor is also defined as the ratio of resistance (R) to impedance (Z)
of the circuit.

active power
Power factor =cosd = P R

apparent power  Z

For a purely resistive circuit, power factor = cos 0 = 1

For a purely inductive circuit, power factor = cos 90 =0
il .
1228
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For a purely capacitive circuit, power factor = cos (-90) =0

The power factor can never greater than unity since the maximum value of cos ¢ is unity. Power
consumed in a purely resistive circuit ==/ cos0=F/

Power consumed in a purely inductive circuit = VI cos 90 =0
Power consumed in a purely capacitive circuit = VI cos (-90) = 0

Hence, we can conclude that the power is consumed only in the resistor and there is no power
consumption in either pure inductor or pure capacitor.

Example 5.1 : Two impedances Z, and Zp take the following currents @ [, = 10£65" 4,.
1, =82-25"A. Supply voltage being 24 V taking it to be the reference phasor, find the amount of
complex power drawn from the supply.

Solution :
As currents I, and I are different, So Z, and Zy are connected in parallel.
I, =10£65°A=(4-2264 j9-06) A
I, =82-25"4=(7-25-j3-38)4
Total current in the circuit, f =1, + /[,
=4.226+ j9-06+7-25— j3-38
=(11-476+ j5-68) A=12-8.26-33 4
I" =(11-476 = j5-68)Ad=12-82—26-334
Given supply voltage taken as reference phasor.
V=240
Thus complex power, § =¥/"
=24/0x12£-26-33
=288L-26-33
=(258-12- j127-72)¥'4

Example 5.2 : The voltages across two series connected circuit elements are ¥, =350sinwr and
V,= 20sin (¢ — 45) V. 1f the circuit current is (2+j4) A, find the complex power of the circuit.
Solution :
50
Vv, =—= 20" =(35:36+ jO)V
S ( j0)
20
V,=—=4£-45=(9-998 - j9-998) )

V2
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Net voltage V' =V, + ¥V, =35-36+ j0+9-998 = j9-998
=45-358— /9-998
=46-4462£-12-43
The circuit current is I = (2+ j4) A
I'=2-j4=4-47/2-63-43 A
Thus the complex power § =7
=46-446L - 12-43%4-4TL - 63-43
=207-61£ - 75-86
=(50-717 - j201-319)¥4

Example 5.3 : In an A.C. circuit ¥ = 220sin (m.f+ 45“)
while i = 2sin (ﬂ}r - 45“). Find true power.

Solution : = E[E Z45=155-58245V)

V2

2
I=—=/-45=1-4142-454
V2

I' =1414.2454

Complex Power, §=W" =155-58245%1-414.245
=219-99.290
=(0+ j219-99) 14

Thus true power = 0 watt and reactive power = 219.99 VAR

Exan?ﬂe 15.4 : An impcdﬂntc Zy = (2+ 43)Q is connected in parallel with another impedance
Zy,=(1- J2) Q2 1f the input reactive power is 100 VAR, what is the total active power ?

2,2y _Q+j3)(1-j2) 8-

Solution : Z= = L5 —25.
Ziv2; SrBri=p, 3eg  rA=25:35ehm,

- o _ reactive power §

P active power Q
" re '-f- » age 2
= Active power= cobiiin ! ik W Lo = 20918 watt 2.3
lan g tan25-55 1 3
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5.6  Power factor Improvement

Power factor is defined as the ratio af active power (p) to apparent power (s).

Power factor = g

For sinusoidal wave, power factor is the cosine of the phase angle (¢) between rms voltage and rms
current,

o, Power factor=cos ¢
Active power P=VIcosd

=I=

V cosé
IV is constant, the current I taken by the load varics inversely as the load power factor cos¢. Thus, a
given load takes more current at a low power factor. Low power factor is due to inductive loads.

The cuarrent in an inductive load lags behind the voltage. So the power factor is lagging. In order to
improve the power factor, some device taking leading current should be connected in parallel with the
load. The power factor may be improved by two methods.

(i) By using static capacitors.
(ii) By using synchronous motors.

In this section, we use first method i.c. by static capacitors.
Power factor correction by static capacitors
Let us consider an inductive load connected to an A.C. supply as shown in fig. 5.5,

=2 -

I, v

Fig 5.5 L

Let  V =supply voltage
Iy = load current.
&, = phase angle between V and /

1

cosd, = original power factor.
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Let a capacitor C be placed in parallel with the load. It will take a leading current I from the supply.
The circuit and phasor diagrams are shown in fig. 5.6.

Fig 5.6
The total current I drawn from the supply will be equal to the phasor sum of I; and /..
I=1+1,

The phase angle of I, is &, . It is seen from the phasor diagram that ¢, is less thand, and hencecosg, is
greater than cosd, . In ather words, the power factor is improved from cosd, to cosd,.

Example 5.5 : Compute the average and instantancous power dissipated by the load of fig 5.7.

iy
R=40 L=8mH and o =377
SCC

V()= 14-14sinwt C{") @

Fig 5.7

Solution : V()= 14-145inﬁ3!=¥4*]4cu3[mf -g]

In phasor form the rms voltage will be

14-14
Vi =—=£-90" = £-90" =10£-90° volt,
ﬁ 75 90" volt

Z=R+ joL=4+ j(377)(8x107) =4+ j3=5£36-86°Q

Fd
Phasor form of rms current /= Vows
10£-90
=————=2./126-83"4
5436-86"

2
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Instantancous current (1) = i, cos (3771 - 126-83) =242 cos (3771 —126-83) 4
Power factor = cos( =cos36-86=0-8
Average power=V,_ [ cosd
=10x2x0.8=16 watt,
Instantancous Power, P(1) =1 (1)i(r)
= (14:14sin3771) 22 cos (3771 - 126-83" ) watt.

Example 5.6 : Compute the average power dissipated by the load of fig. 5.8.

v =110, R,:lﬂ,m:ﬁﬂg. R,=16Q  and  C=100pF

Ry

V., = 110£0 Cw) Ré € T

Fig 5.8

Solution : Here load R, and C are connected in parallel. So impedance of load is,

I
| 1

e e

]
j377)(100x10°)

Z, =

L

R
e
16 j26-52
_ |
00625+ j0-0377

1
T 0-073.231-09°

=13-7£-31-00"Q

V, = Vollage across load.
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According to voltage division rule,

13-7£-31.09"

V, =110£0x%
2+13.72-3109"

=97-62-3-84" volt,

Average power dissipated by the load is given by,

Yo
Z

Example 5.7 : Compute the average power dissipated by the load of fig. 5.9

52 s
COS0 = —— 05
b = 050

(976)°
3

P = VLI,_ cosh = l",‘[

Vo =11020 volt, R=10Q,  L=0.054, C=470uF and w=377"%
sec
Solution : Load impedance R
v (~) =i
; 1
Z, =(R+ joL)ll—
L ( ) joc L
1
R+ jol)x—
=( Jol)x = Fig 5.9
R+ joL+ ‘—l—
Jjwe

=1-16=j7-18=7-272-80-8202

=

¥
Average Power P,, = —"*—cos¢
L

_(110)°
709

cos(—80-82)

=265-52 watt,

Example 5.8 : Calculate real and reactive power for the load of fig. 5.10

V(1) =100cos(wr+0-262) volt,
i(1) = 2cos(wr —0-262) 4

I~

“@®

o Fig 5.10
234
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Solution : Rms voltage in phasor form is,
V 100
Ve = —= £0=— £0-262 volt.
V2 V2
Rms current in phasor form is,
I 2
I, =—20=-——/-0-2624
V2 V2
Impedance of the circuit is given by,
100
i 5 20-262
Z= !”'” =3 =5020-524Q
me—— £ —0-262
V2
=50.£30-03"Q
Phase difference between ¥, and 7, is & =30-03"
100 2
Real power (P)=[V, 7 |cost = — x — x cos30-03°
[ mfcoso =122
= 86.57 watt.
Reactive Power (Q) =V, |II,...Isin®
100 2
=—xX —=x5in30-03"
N2 2
=30 VAR.
Now we apply the definition of complex power to repeat the same calculation.
. 100 2
S=V, 1., =—=20-262% — /- (-0-262
. e )
=100£0-524
=100£30-03"
=86-6+ jS0VA
Therefore P = 86.6 watt and Q = 50 VAR
Example 5.9 : Calculate real and reactive R E
power for the load of fig, 5.11 i R
Vi = 11020 volt, V., =110£0 V,
R, =20, 0=377"% TCJ_
seC
R, =5Qand C = 2000pF Fig 5.11 :
235
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Solution : Impedance of load,
I 1

Z =R +—=5+
e J(377) (2000 10™*)

L L

=5-j1-326=5:172-14-85°Q
According to voltage division rule, voltage across load is given by,

5-17£-14-85  568-7£-14-85
2+5—j1-326 7-12442-10-72

¥, =110£0%

=79-822-4-13" volt
Current through load is given by,

v . -4.13°
I, LTI i =15-439210-72" 4
Z, 5-17£-14-85

Conjugate of 1, =1, =15:439£-10-72°4
Complex Power, S=V,I, =79-82£-4-13° x15-4392-10-72°
=1232-342-14-85"
=1191-17 - j315-835 VA
Real Power, P =1191.17 watt
Reactive Power, Q) =-315.835 VAR

Example 5.10 : Find the reactive and real ANV
power for the load of fig 5.12. R

-4

rad
w=377 -t Vs =60£0 volt, 1, = 6020 C{D

R=30 — 1
JX, = j9L2 and

JXe =—=j50 Fig 5.12
Solution :  Load impedance Z, = R+ jX, — jX

=34 9= 45
=3+ j4
=5/53:13"Q
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Current through load, i, =E = st =12£-53-13"4
£ o253-13
Conjugate of [, =1, =12/53-13"4
Complex Power § =V, =60£0x12253-13"
= 720.253-13"
=432+ j576 VA

Real power, P =432 watt.
Reactive power, Q = 576 VAR.
Total reactive power must be the sum of the reactive powers in cach of clements.
Wecanwrite Q=0 +0,
Q. =11X.=(12)°(-5)=-720 VAR

0, =1} x, =(12)*(9)=1296 VAR

* Q=0, +0, =1296-720=576 VAR

Example 5.11 : The heating element in a soldering iron has a resistance of 30£2. Find the average

power dissipated in the soldering iron if it is connected to a voltage source of 117 V rms.
Solution : The power dissipated in the soldering iron is,
pror: o (117)°
P=—= ﬂ=u=456+3wml,
R R 30

Example 5.12 : A coffee maker has a rated power of 1000 w at 240 V. Find the resistance of the
heating element.

ra
_lm-r

"
V2, (240)°
P 1000

Example 5.13 : A current source i{ 1) is connected to a 50Q resistor. Find the average power delivered
to the resistor, given that i{¢) is,

a) 5cos 50t A

b) 5 cos (50t - 45°) A

c) Scos 50t - 2 cos (30t - 0.873) A
d) 5cos50t-2 A,

=R= =57-682

Solution : The average power can be expressed as,

¥V
cosd = —*-'-’r—"r;crsql = %CGS'F

V242

P.=V

aw P 'Irrpu
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Here, & =0" (due to resistive circuit)

| 1 | |
SoP, ==V_I_cosO==V_I ==(I R)I_=-IR
Q a1 2 mTm 2 "M om 2( m } m 2 -

@ pm_=%(s)’-‘(sc-)=azﬁwau

1

2

(c) By using phasor techniques,
[1=540" -2£-0-873

() P, =-(5)"(50)=625watt.

=520 —2£-50-04° [ 0-873 radian = i »*0-873 dr:gme]
n

=5-1-2856+ j1-5321

=3.7144+ j1.532]

=4-0180£22-41°4

In time domain form i() = 4-0180cos (501 +22-41") 4

" P, =—(4-0180)(50) = 403 -6 watt

]
2
(d) i(1) =5cos50t -2

v(1) =Ri(r) =50[5cos 50t — 2] = 250cos 50 — 100
Instantaneous power p(:} = v{r}i{f}

=[250c0s50t — 100][Scos 501 - 2]

=1250c0s” 50t — 1000c0s 501 + 200

1+cu5iﬂﬂ.r]

= ]15(][ = 1000cos 50+ 200

=625(1+ cos100r) — 1000cos 501 + 200
=625+ 625c0s100¢ = 1000c0s50¢ + 200

Therefore average power is,

P, =625+ 200= 325 watt

Example 5.14 : Find the rms value of each of the following periodic currents,
a) Cos 450t + 2 cos 4501

b) Cos 5t + sin51

c) Cos 4501+2

238
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T
d) Cos 5t + cos (5: + 3]

) cos 200t + cos 400t
Solution :

a) i(1) =cos 450 + 2cos 4501 = 3cos 450/

I 3
v L m—m—= =2:1213 4
N
b) Using phasor techniques,

I =cos5t+cos(5t - 90) =1£0" +12£-90°

=]—j

=\22-454
i ol
AR

¢) I, = [%] +(2)° =_2-1213.-{

(Here 2A is D.C. and cos 4501 is AC)

d) Using phasor techniques,
I=120"+1£60° =1+0-5+ j0-866=1-732.230"4
Lo Pl
I  =—F=—4—=1-2234
Y

&

1 Y, F Y J Y
I.=l—=| +|—=| =4 —=| =14
@) () -#E)
Example 5.15 : A current of 4 A flows when a neon light advertisement is supplied by a 110 V rms

power system. The current lags the voltage by 60°. Find the power dissipated by the circuit and the
power factor.

Solution : P=V_1I_ cosp=(110)(4)cos60=220wat.
Power factor = cos ¢ = cos 60 =0.5

Example 5.16 : A residential electric power monitoring system rated for 120 V rms, 60 Hz source
regislers power consumption of 1.2 KW, with a power factor of 0.8.

Find, a) The rms current,

b) The phase angle
239
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c) The system impedance
d) The system resistance
Solution : a) P=V,_1I_ cosd

p oo P 100
™y, cosd  (120)(08)

b) Power factor =cosd =08
d=cos™ (08)=36-87"

c) The impedance Z is,

d) The resistance R is,
R=Zcost=(9-6)(0-8)=7-68Q

Example 5.17 : A drilling machine is driven by a single phase induction machine connected toa 110
V rms supply. Assume that the machining operation requires TKW. that the tool machine has 90

percent efficiency and that the supply current is 14 A rms with a power factor of 0.8, Find the AC
machine efficiency.

Solution : Efficiency = e

Input

owtput 1000
efficiency  0:9

= input = =1111wal.

1111 1111

Efficiency of AC machine (n) = = =0-9

, (n) Vicosd (110)(14)(0-8)
Example 5.18 : For the following numerical values, (1) —
determine the average power P, the reactive power 5
and the complex power S of the circuit shown in fig.
5.13. Note, phasor quantitics are rms. _ Vx{t]GL) Z
a) V(1) = 450c0s377¢ volt

i, (1)=50cos(377¢ - 0-349) 4 T

1lg =

b) ¥, =140Z0volt
1,rms=5-85£T 4

;2510:
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Solution : (a) P=V_1I

V. rms = 50 .20 volt
f,rms=19-220-84
V,rms =740 2 ”% volt

I, rms= 10-8£—=1-54

450 30

cosd=— -—cos520" =10571.5 watt
m COS0= T

(U -349 radian = Ll % 0-349deg ree =20" J
L8

450 50 |
=F I _ sindb=——- -—=sin20" =3847.72 VAR
50 50 0

In phasor form current/_, =—= £ -0-349=—£-20" A

; 2 »

g 50

Conjugate, /_, = = 50"

L ;)
o o =450 50 00 =11250.20° ¥4

2 A2

b)  P=V,1,,cost=(140)(5-85)cos(-30") = 7093 watt
Q=V,.1,,sing=(140)(5-85)sin(~30") = -409-5 VAR
S =V, 1., =140£0x5-85.7/ =819.30°

¢) P=V_I1,_ cos¢p=(50)(192)cos45 8=668-8 watt
(ﬂﬁmdialr:i: Kﬂ-BdcgrﬂE=45-B“)
Q=V_I,. sind=(50)(19-2)sin45-8=688-2 VAR

Conjugate current =/" =19-22-0-8=19.2£-45-8"4
S=V_ 1.  =50£0%192£-458=960L-45-8VA

FFLs — TTHE

d P=V,1,, cosd=(740)(10-8)cos(-85-9° +45° ) = 60408 watt

(]-Smdfmr:@:'-cl-ﬁ:ﬂi@"]
n

AC POWER
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Q=V,,1I,.,sing=(740)(10-8)sin(~85-9° + 45" ) =—5232. 7 VAR

Conjugate Current=/" =10-821-5=10-8285.9"
S=V_1 _ =740 -45%10-8285-9° = 7992.740-9" VA

et e

Example 5.19 : For the circuit of fig.5.14 determine the power factor for the load and state whether it
is leading or lagging for the following conditions :

a) V(1) = 780cos (it + 1-2) volt

i (t
f;(ﬂ:?ﬂcns[mr#’é—]d =
- (v Z,
b) l’,(r]=39cns(mr+—€] volt.
i, (1)=12cos(wt —0-185) 4
Fig 5.14
c) V(1) =104coswr volt

i, (1)=48-Tsin(wi+2-74) 4
d) Z, =12+ j8Q)
Solution : Power factor = cos ¢
where ¢ = angle between ¥, andJ
=0, - ¢,
= phase of current - phase of voltage.

(@  ¥,(£)="780cos(wr+1-2)="780cos(wr + 68-78" ) volt.

i, (1) =9Dcus({ﬂr+-%—);l

= Power factor=cos¢ =cos(0, —,) =cos(90" - 68-78") = 0.93 leading.
® ¥, (1)=39cos(wr+-) volt.

i, (1)=12cos(wt —0-185)= IEcns(mr— 10-6°) 4

Power factor = cos ¢ =cos (qr: -, ) = ms(—lﬂ-ﬁ” - 3{]“) =0-759 logging.

(€) ¥, (1)=104cosax volt.
i, (1) =48 7sin (wr+2-74) = 48- Tsin (wr +157")

=48-7cos(wr+157" —90° ) = 48 7cos (wr+ 67°)

Power factor =cosd =cos (4.‘;1-’ - q;,_) =cos(67 - 0) =039 leading
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d) Z, =12+ j8Q=14-42433-7°Q
Power factor =cos¢ =cos33-7" =0-832 lagging

Example 5.20 : For the circuit of fig. 5.15 determine whether the load is capacitive or inductive for
the circuit shown if

a)  pf=0.48 (lead) () —

b)  pf=0.17 (lead) CN V(1) I:zr]

¢)  F.(1)=18coswr

i, (£)=1-8siner

d) I«’,(r)=ﬂ-3cns(mr—% Fig 5.15
i, (1)=0-6cos (- 1)

Solution : a) capacitive
b) capacitive

¢) i (1)=1-8cos(wr—90"), inductive

d) phase difference is zero. So it is resistive.

Example 5.21 : Find the real and reactive I
power supplied by the source in the circuit ter” £ |
shown in fig 5.16. Repeat if the frequency is ﬁ]"
increased by a factor 3.
V. ()= mcusle{D é 10
Solution : Herew =3 A
sec

(a) Impedance
Fig 5.16

]
Z=joL—-j—+R= j6- j6+4=4+ j0
J J Jo= J

V. (t)=10cos3t

"L
™22

Current through the circuit is given by,

volt.
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. n;-_iﬂri
I, ==L 21774
S :

Real Power, P=(1-77)°(4)=12.53 watt

Reactive Power, 0 =(1:77)°(X) =0 { X = reactamee =0}
® Inthiscese =972
sec

Impedance, Z = jol - | L + R
e

= JO)@) - j—<+4
(i)

=jla—j2+4

=4+ j16

s I}fﬁdﬂ =0-424

™ Z 16-44£75-96"

P=(0-42)"4=0-7056 watt

Q=I'X=2-82 VAR I
Example 5.22 : The load Z; in the circuit of fig.
5.17 consists of'a 2582 resistor in series with a0 - IWF
capacitor. Assuming = 60 Hz, find, V, = 23020 C,:!;)
a) the source p.f.
b) the rms current /,
c) the apparent power delivered to load. Fig 5.17
d) the apparent power supplied by source.

e) the p.f. of load.

Solution : (a) Total resistance = 25 + | =260

Total impedance Z=,[R* + X

| 2
=_[(26)* +
J( ) [3??xﬂa1x1-:r‘*]

=676+ 7-036x10°
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=4/ 703600676

=206525-4720Q

R 26 -
pata 5 oporo-{lead
S == 5412 Uead)

v 230
RMS ] =
(b) e s == = 26525- 472.290°

=R8.67%x107 £-90"4

(c)  Voltage across load ¥, =J,Z=8-67x107 £—90" x 26525-472.£90"
=229-97520° volt.
Apparent Power § =V, I = 229.975.20" x 8-67x 10~ £90"
=1-9938V4

(d)  Apparent Power of source =F, /] =230£0" x 8-67 x 107 £90°
=1:9941.290° VA

R
(¢) P.fofload = — 25

= =0-00094
Z, ., 26525.472

Example 5.23 : The load Z; in the circuit of fig 5.18 consists of a 25€2 resistor in series with a 0.1H
inductor. Assuming = 60HZ, calculate the following.

a) the apparent power supplied by source. I

b) the apparent power delivered to the load. g:m

c) the power factor of the load.

Solution : Impedance of load V, =230£0° ({.D Z
Z, = R+ joL =25+ j(377)(0-1)
=25+ j37-7=45-236£56-45"Q
Impedance of the circuit Z=26+ j37-7 Fig 5.18

=45.796455-407"Q

V 0
R.M.S valuc of current /, = —- 23040

7 45.796255-407°

=5£-55-407"4

(a) Apparent power supplied by source is,
S=V1I =23040"x5255-407"
=1150.£55-407"V4
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(b) Apparent power delivered to the load is,
S=v,1;=(12,)(1)
=(5£-55-407° x 45796455 407°) x 5.£55- 407"
=1144-9.455.407" VA

R
(c) P.fnflmdt}-'—“-""i= =0-55

Example 5.24 : Calculate the apparent power, real
power and reactive power for the circuit shown in l—>
fig. 5.19. Draw the power triangle.

R=20Q
Solution : Impedance of circuit is given by, (@ V=30V
1
Z=R=j—
e

C=100nF

._|

3 | Fig 5.19
377 x100x107°

=20~ f26-.525

=33.22/52-983"Q

RMS current [ = V ims Al

T Z  33-22/52.983°
Apparent power §=V,1 =50£0%1-505-52-98"
=75.25252-98" 14

p
Real Power  P=S cosd =75-25c0552-983 52.98° i
= 453044 watt g Q
Reactive Power Q = Ssind = 75-255in52.983"
=60-08 VAR

Example 5.25 : Calculate the apparent power, real power and reactive power for the cireu; )
fig. 5.20. For two cases f=0 HZ (DC) and =50 HZ. power for the circuit shown in

—

=1-505.2—52-98° 4

[—>
Solution : (i) For the frequency of 0 Hz,
apparent power = () @D V,=50V feon
real power =0 C = 100pF
reactive power = 0 Fig 5.20 T
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(ii) For the frequency of 50 Hz,

: o ]
impedance of the circuit Z = R— ==

=20-j : =
2rex50x100x10

=20~ ;31-847Q
=37:6£-57-87"Q
%)

T37.62-57-87°

=1-329457-87"4

Apparent power S=VI"=50£0x1-3292-57-87°
=66-452-57-87°
=35.34- /56-27 VA

Real power = 35.34 watt.

Reactive power = -56.27 VAR.

Example 5.26 : A single phase molor is connected as shown in o— (D)
fig. 5.21 to a 50 Hz network. The capacitor value i< chosen o CI}.)
al_atain unity power factor. If V = 220V, 1 = 20A and ;=25 A.
Find the capacitor value. W R
Solution : The magnitude of the current I, is,
L C
:'3=1,|Hf-.” =/625-400 =154 o T

| Fig 5.21
Voltage source, V =1, X =1, [__]
we

vo  (2200(314)

Example 5.27 : If the voltage and current given below are supplied by a source to a circuit or load,
determine

a) the power supplied by the source which is dissipated as heat or work in the circuit (load).
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(b) the power stored in reactive components in the circuit (load).
(c) the power factor angle and power factor.
V... =7.20-873 volt, I, =132-0-3494

Solution : Given V' =7.20-873=7.250" voll.
1. =13£-0-349=132-20"4

L]

a) Apparent Power S =V __ I,
= 750" x13.20°
=91£70°VA
=31-12+ jB85-51F4
Active Power P=31.12 watt,

b) Reactive Power Q = 85.51 VAR

¢  6=0, -9, =-20-50=-70"

Power factor = cos ¢ = cos(~70" ) =0-342(Lag)

The load is inductive.

Example 5.28 : Determine the time - average total power, the

Z zZ

real power dissipated and the reactive power stored in cach of v, Z
the impedances in the circuit shown in fig. 5.22ifV | =17020
volt, ¥,, =170£%% volt, @=377 % 2,=0-747 Q,
Z, =1-5£0-105Q and Z, =03+ j0-4Q Vs z,
; i T |
Solution : Apparent Power S=V =V (—P] = — Fig 5.22

(i) So for impedance Z, apparent power is,

o (5

"2z 0:7£-30

o= 20-643 230"

=17-88+ j10.32 KVA
P, =17-88 kw
0, =1032KVAR
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2
170/
(i)  Similarly 5 2. 1=[ f’EJ =9-56+ jl-17TKVA= P, + jO
Pz 1.524-1° 2 TS

(V +V)
(u) 8§, =z—-34 68— jd46-24KVA=P, + jO,

3

5.7  Three phase Circuits

The generator producing single phase supply called single phase gencrator and it has only one
armature winding. But if the generator is arranged to have three separate windings displaced from
each other by equal electrical angles then it is called Ihmﬂ phase gencrator. A three-phase generator
has three separate but identical windings that are 120" electrical apart and rotate in a common
magnetic field. It produces three voltages of same magnitude and frequency but displaced 120"
electrical from one another.

5.7.1 Generation of a three phase supply

In three phase generator (alternator), three coils are stationary and the field rotates as shown in fig.
5.23. The three identical coils A, B and C are symmetrically placed in such a way that the emfs
induced in them are displaced 120 electrical degrees from one another. As the coils are identical and
arc subjected to the same rotating field, so the emfs induced in them will be of same magnitude and
frequency.

Ny V’._

X \‘\// 1 es 9 1207 \'mn

®) /55'
A
Vv V

Fig 5.23 .

a
The three in{al]antanmus emfs are given by
V,=V,sinot= V2V sinwt
Ve =V, sm(mf—]lﬂ") -J"_E.Vsm(mr—lzﬂ)

Ve =V, sin(wr —240°) = 2V sin (ot - 240°)

where 0 = angular speed of rotor.

and V = r.m.s. value of emf.
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In polar form, the three phase rms voltage can be written as,

V,=VA
V, =V£-120
V. =V/-240

These three emfs have same frequency . This frequency is related to the speed of the rotor N and
number of poles P of the machine and may be expressed as,

PN
f“lzﬂ

Fig. 5.23 (b) shows the wave diagram of three emfs and fig. 5.23 (c) shows the phasor diagram.
5.7.2 Phase sequence Vi -

The order in which the voltages in three phases (or Vi Vo Ve
coils) reach their maximum positive values is called ; TR A Sl
phase sequence, This is determined by the direction N v R
of rotation of alternator. In fig.5.24 (a), the voltage i e g AL
in coil A attains maximum positive value first, next i’ e b
coil B and then coil C. Hence the phase sequence is (a)

called A-B-C or positive sequence. If the direction

of rotation of the alternator is reversed, then the
order in which the three phases attain their V
maximum positive values would be A-C-B. or
negative sequence as shown in fig.5.24 (b). o L= e

oy i L LI # '-

L] # * A F L}
# . F - E . - -

(b)
Fig 5.24

5.7.3 Inter Connection of three phases

In three phase generator (or alternator), there are the three coils or phases. Each phase has two
terminals (1.c. start and finish). The terminal where current leaves the coil (or phase) called as starting
terminal or simply start. The other terminal where current enters the coil is called as finishing terminal
or simply finish, If a separate load is connected across cach phase as shown in fig. 5.25. then six
conductors are required to transmit power. This will make the whole system &unp] icated and
expensive. Hence three phases are gencrally interconnected which results in substantial shaving of
copper. The general methods of interconnection are

(i) Star (Y) connection.

(ii) Delta (A) connection.
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sian

S
—
=,

=
o>

Finish -
Ix
(i) Star connection

start

Fimish

-

Iy
, :
T 1""Illll A
D

-l

I
Fig 5.25

AC POWER

=
slart ]'r:

[l
<

Do

Fimsh -

In this method of inter connection, the similar terminals say, start of three coils or finish of three coils
arc joined together at a point N as shown in fig. 5.26. The point N is called neutral point. A conductor
1s connecled 1o N called as neutral conductor. Such an interconnected system is known as four wire, 3

phase system.

start

Finish

starl

(ii) Delta connection
In this method of inter
connection, the dissimilar
terminals of three phascs
are joined together i.c.
finishing terminal of one
phase is connected to
starting terminal of other
as shown in fig. 5.27.
Such an inter connected
system is called 3-phase,
3 wire system,

Finish

stari

=

Neutral conductor

Iy
N &
Fig 5.26
e L o
sartp  qFinish N/ e
"4 N
B -
e A1, oA
w1t
=]
start Finish f ol
Fig 5.27 "
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5.7.4 Star connected supply

The voltage induced in each coil (or phase) is called phase voltage (l*’ r,,) and current in each phase is

called phase current, Vollage between any pair of lines is called line voltage (I" f ) and current flowing
in cach line is called line current (7, )

> oA
Ly
Vi Ve
¥, =1 £-120
:.I-B B 1B ]
f"‘ lc o
()
Fig 5.28

Fig. 5.28 (a) shows three phase stat connected supply has three terminals A, B and C called
line terminals.

Let V 5= voltage across line A and line B = line voltage = V_
Vi = voltage across line B and lice C =V
Vea = voltage across line C and line A = V|

Va = voltage induced in coil A = voltage between A and neutral point N = phase voltage =
Vi

Vi = voltage induced in coil B = voltage between B and N = Voh
Ve = voltage induced in coil C = voltage between Cand N = Ve

The relationships between the line and the phase quantities may be derived from circuit dia
phasor diagram as shown in fig. 5.28 (b). The phase voltages are,

vV, =V20° =V (1+ j0)
V, =VZ£-120° =F(-0-5~ j0-866)
V. =V£-240" =V (-0-5+ j0-866)
The linc voltage V , is the phasor difference of V, and V, .
V=V, =V, =V0-VZ-120
=V, =V(1+ j0) =V (-0-5- j0-866)
=V, =F(1-5+ j0-866)
=V, =V L0 (1)

gram and

525é |

Downloaded from www.LectureNotes.in. Contributed by Dr. RAMAPRASAD PANDA



https://lecturenotes.in

AC POWER
Similarly Ve =V, = V. =V£-120-VZ-240
=V (-0-5- j0-866) - V(-0-5+ j0-866)
=3V L =90 (2)

and Voo =V =V, =V£-240-FL0

CA
=V(-0-5+ j0-866) - V' (1+ j0)
=BV 2500 i (3)

It can be scen from equations (1), (2) and (3) that the system of ling voltages cﬂnstih!lcs a balanced
three phase voltage system. The magnitude of line voltages is J3 times the magnitude of phase
voltages.

Line Voltage = V3x phase voltage
=V, = NEY X

In this star connected system, the current in a line conductor is identical to that of the phase to which
line conductor is connected.

Line current = Phase current

Iy=1,

It will be noted from fig. 5.28 (b)

1 Line voltages are 120" apart.

2) Line voltages are 30” ahead of their respective phase valtages.

3) ]The_anglc between line current and corresponding line voltages is (304 ¢) with current
agging,

5.7.5 Delta connected supply

In this connection, the line voltage is cqual to the phase voltage ie. V', =¥ . Fig 5.29 (a) shows three
phase delta connected supply has three terminals A, B and C called line terminals.

o L“ oC Ii.
v{"‘ ]"“' ; ~~1 =1 ""ra.il

[cn [.u' [* 8]
2 I.:; A 2 °A - o I

1, AN . |

" °B In ||:|| 'IM' !

(a) (b)
Fig 5.29
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The rms phase voltage phasors of three phases are given by,
vV, =VA=V,
Vo =VZ-120=V,
Vo =VZ-240=V,

The line voltages across the line terminals are Vins Ve and V., . In delta connected supply line
voltages are equal to phase voltages.

V=V, =V0
Ve =V, =V£-120
and V, =V,=VZ-240

Let, 75,, Iy and I . are phase currents flowing in three phases. These three phase currents are
balanced currents.

From fig.5.29 (b), taking I a4 38 reference phasor, A
Ly =14, £0=1,20=1 (14 j0)
Iy =l £-120=1,2-120=1  (-0-5- jO-866)
L =1,c£-240=1,£~240=] ,(~0-5+ jO-866)
Let 1, 1, andl_ are line currents.
Applying KCL at node A, we get
I, =1,+1,.
=1,=1,, -1

b4 AC

=1, = !m(l+;'U}—fph(—ﬂ-5—jﬂ-ﬁﬁﬁ}
=1, =1,(1-5- j0-866)
=1, =31, £-30 . (1)
Similarlly 1, =37 £-150°............. (2) and 1, =+37,290°

It can be seen from equations

13,(2): aptii - - . ,
O Plinse carvents. (1), (2) and (3) that magnitude of line currents is +/3 times the magnitude

Line current = /3 x phase current
=/, = 3

It will be noted from fig. 5.29 (b),

T e e e s
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1) Line currents are 120 apart.
2) Line currents are 30° behind the respective phase currents.
3) The angle between line currenls and corresponding line voltages is (30+ ) with the current
lagging.
Note :

* A balanced system is one in which the voltages in three phases arc equal in magnitude and

differ in phase from one another by 120" angles. The currents in three phascs are equal in
magnitude and also differ in phase from one another by 120" angles.

* An unbalanced three phase system is one in which the phases are not balanced. This may
happen due to unequal magnitudes of the phasc quantities, uncqual phasc differences
between the phase quantities or both. This may also be caused by unbalanced loading,

unbalanced supply voltage or both.
* A three phase balanced load is that in which the loads connected across three phases are
identical.

5.7.6 Power in Three Phase system
Power in a single phase is p=1V_, [ , cos®
Power in three phase is P =3V [  cos¢

where ¢ is the angle between phase voltage (l" i ) and phase current (f M)

(i) In a star connected system, the line voltage V, = 3 V,andi, =1,
So power in three phase star connected system is given by,

pP=3V, J’F,_cns@

V
=3-T‘;-:‘£ cos

=3¥, I, cosd

(i)  Inadelta connected system, ¥, =V, and [, =¥31
So power in three phase delta connected system is given by,
P=3V 1, cos¢

’r!.
=3F,. —E.cnsda
=~EP’L 1, cosd
ch? it can be concluded that power in a balanced three phase network (star or delta) is given by
P=A3V 1, cost
where ¢ is the angle between V', and [, not between V', and /,
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5.7.7 Reactive and Apparent Power

(i)

- - & & ! l’ &
Reactive power in a single phasc is =1 il pn SINO
Reactive power in three phase is Q =3V ./, sing
where ¢ is the angle between V' and 7 ,

For star connection, V', = V3 i*"ﬂ and/, =/ St

: ; V . .
Reactive Power O =3V I  sing = 3—’;—.‘} sing = JE‘TFLI,. sing

7

For delta connection, ¥, =V, and 1, =31 i

! 2
Reactive Power Q =3V I  sing =3V, -:—"Il,;é.wsin:b =3V, 1, sind

Hence reactive power in a balanced three phase network (star or delta) is given by,
0 =3V,1,sin¢
For a balanced system, the apparent power is given by, S =3V _ [ = NEYU P
It may be observed that in a balanced three phase system,
P=3V_,I , cos¢p= -ﬁFL I, cosd = 5 cosd = active power
Q =3V 1, sind=+3V,1, sing= reactive power.
S =+/P*+ 0" = apparent power

In complex form, S= P+ jQ

5.7.8 Balanced star loads

Consider a star connected supply with balanced phasc vgltngcs ¥, . V. and V_.and the balanced line
voltages V., , Ve and V¥, . This star connected supply is connected to star connected balanced load,
with each limb having an impedance Z = Z£0 as shown in fig. 5.30..

Let

256

I,,1; andl are three line currents.

l
=
|

| 2

Fig 5.30
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We have V, =V, £0 = phase voltage of A.
V, =V, £-120= phasc voltage of B.
Y=l 2~ 240 = phasc voltage ol C.
As three phase supply voltage is balanced,
So V, +V, +V.=0
Also I, +1,+1.=0

and ¥V, =V,

v, V.20 ¥
Line current I, =E"‘= ;gﬂ =?M£—B,
v. V.Z-120 ¥
Similarly line current 1, =—* = ’“HB - ;’ Z£—-120-0
V. V., Z-240 V.,
and I =—S=t =" /_240-0
= ST R z

5.7.9 Balance delta loads

Consider a delta connected supply connected to a balanced delta connected load as shown in fig. 5.31.

Line A -
A Iy
Cs B
LineB L
Line C ___Ir
Fig 5.31

Since the phase coils are connected between lines, the phase voltage is equal to the line voltage. Hence
magnitude of line voltage = magnitude of phase voltage.

Let, V,5s Vg and V,, are three line voltages.
|\-"“|=|\"Bc]m|1"m|=ﬂ e
we haveV,, =V  20=V 20
Vie =V £-120=V , £~120
Ve, =V, £=240=V , £-240
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V.2 F
At load the phase current Lt Pk
P ‘=228 Z
ot =100 Vo120 Vo a8
= . =1 2
ZZ0 Z20 &
V. Z-240 V Z£=-240 V
I, =% =1 =L £-240-0
228 220 z

V
The line currents are, I, =1, _];=.,|'§_;.,5_3u..g=.ﬁ_rm£—:_3nug

g

1, =1, -1, =43

ph
5 £=150-0=+31,,2-150-0

=
and I, =IJ—Ilmﬁ%$D—E=ﬁIM£§D"B

V o

— e

whcrcfp,r— v

Example 5.29 : The magnitude of the phase voltage of a three phase wye system is 220V rms. Express
each phase and line vollage in both polar and rectangular co-ordinates.

Selution : The phase voltages in polar form are,
V, =220£0"V, ¥, =220£-120"V andV,  =220/-240°
The rectrangular forms, are,

V,=220velt, V,

=110- j190-52volt, V_=
The line voltages in polar form are,
V., =+3V,.230° =4/3x220.£30" = 380.£30° vol.
V, =3V, 2£-90" =+3x220£-90° =3802-90° volt.
V, =3V, 2150 = /3% 2202150 = 380.250° vol.
The line voltages in rectangular form are,
Vv, =329+ j190 volt.
V,. ==j380volt.
V.. ==329+ jl90 volt.

~110+ /19051

Example 5.30 : The phase currents in a four-wire wye connected load are as follows.

I, =10£04, 1,=12£23E, I, =822-88

Determine the current in the neutral wire.
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Solution : Current in ncutral wire is,

I,=1,+1,+1_ =10£0°+12£150" +8£165" =15-39£148-4" 4
Example 5.31 : For the circuit shown in figure 5.32 we sce that cach voltage source has a phase
difference of 2% in relation to the others.

a)

b)

c)

| fa
Find V. ,V,, and V., where

Vi =¥ =V

Vg =V =V, 120294

Voo =V =V, Ve .
Repeat part (a) using the calculations 12022
Vew =V4 L P4 %

Vag =V 3z ;ﬁE"

R e

Compare the results of part (a) with the results of part (b).

Solution :

(@) Vg =V, =V, =120£0° -=1202120" =207 -82—30° volt,
Vg =V, =V, =1202120° —120.2240" =207 :8.£90° vol.
Voo =V, =V, =1202240° —12020° =207 -82 150" volt.
(b) Vo =V, V3 £-30°=12043 £-30" =207-82 =30° volu.
Vi =V, V3 £=-30" =120420" V3 £ - 30" =207 -8.290° volt,
Ve =V /3 £-30° =1202240° V3 £-30° =207 -8£210° =207 82 -150° volt.
(c) The two calculations are identical.
Example 5.32 : For the three | —»

phase circuit shown in fig. 5.33,
find the current in the neutral
wire and real power.

V. =110£0volt R

Vy =102 volr

AC POWER

~ 12020

v, =110£ 4ol

Fig 533
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Solution : Z, =500, Z, =—j20Q Z, = ja4580
V., 1 p
a) !ﬁf-: li‘éﬂ =2-2£0" A
R
v, 1102240°
1, =?—’=T=2~44£I5ﬂ“ A
i A
Ve  110£120°
Ly =Z“ = ""'.r'm“ =5-52210° 4
P =]

[o=I,+1, +1,=2-245-52210° +2-44.£150" =4.92£ - 161-9° 4
(b) P=RI}=50(2-2)" =242 wau.

Example 5.33 : A three phase steel-treatment electrical oven has a phase resistance of 102 and is
connected at three phase 380 V AC. Compute

(a) the current flowing through the resistors in wye and delta connections.
(b) the power of the oven in wye and delta connections.
Selution ; (a) In Y-connection :
380/
r e /A3 220, ,
TR o 10

In A - connection

14 380
I =t = =274
LR 30

(b) InY - connection ;
P=A3v,1, =3(380)(22)=14-5KW (e1.=1,)

In A - connection
P=+3V,1, =/3(380)(12-7) =836 Kw.

Example 5.34 : A naval in-board synchronous generator has an apparent power of 50 KVA and

supplies a three - phase network of 380 V. Compute the phase currents, the active powers and the
reactive powers if,

(@)  the power factor is 0.85

(b)  the power factor is 1.

1260
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Solution:  (2)  S=\3V1,

_ 5 _ 50000
LT ar,  V3(380)

P=S5cost=(50000)(0.85)=42-5KW

Q=57 —P* = /(50)* ~(42-5)° =26 3KVAR

(b) S=P
= [ =764

=764

=1

P = 5 cosd = (50000)(1)=50KW
Q=+S*-P* =52 -5 =0 fig=p)

5.8 Residential Wiring

In the previous topics we have discussed about the utilisation of electrical power in the form three
phase supply. Large industrial consumers receive power from discos and transcos at high voltage
(from 11 KV to 132 KV) depending upon amount of Power they handle. However the common
residential electric power serviee consist of three phase four wire system. The distribution system
which is derived from a 11 KV three phase three wire system consist 400 volts.(Line to line).three
phase with neutral. The neutral conductor is drawn from the star point in the secondary of distribution
transformer. Primary of the distribution transformer is connected in delta which gets supply from
three phase three wire 11 KV system.

In Indian system three phascs arc named as, red (R}, blue (B) and yellow (Y) and the neutral 1s named
as N. There are two types of domestic load namely 1-¢ type and 3-¢ type. The |- loads are fans,
flourscent lamps, all domestic appliances such as washing machines, micro ovens, refrigerators efc.
The 3-0 loads are mostly of high capacity air-conditioners (more than 5 ton) and high rated water
pumps ele.

A domestic consumers which have both 1-¢ and 3-¢ type of loads get a connection to his premises
from the distribution pole with three phases and neutral. The wire that connects the distribution pole
and the consumer is known as service main.

Three phase loads are connected to all the three phases while the 1-¢ loads are connected between any
one phase and neutral, The single phase voltage is ﬁ times the line voltage. In Indian system as the

line to line voltage at distribution system is 400 volts, the single phase supply voltage is 230 volts
(t’. e.‘“%i t?ﬂf.‘.f.). The connection diagram of a domestic wiring is shown in the fig. 5.34.
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Distribution supply system

1 ¥,

4 P € I

AL
o < =

.

Service
mains

3-4 main box

1000 0y
E N Ph Earthing (E)
)
loads
[_—
] E
" —
P\ =] R
3 . [‘J
S av [ ¥
- distribution box
A (=8
— All three
Fig 5.34 phase loads

3-o distribution box

5.8.1 Grounding and Safety

Generally the power system is grounded type, it means the whole of the carth behaves like a neutral

point (ideally). Hence when we measure the voltage between any phase and solidly grounded point, it

gives the phase voltage. A load connected between the two points will cause a current to flow through
> &

: i ; 4 L] § i
it, where this current is given by [, = H_rif’ R is the resistance of the load.

This concept creats unsafety while one human being comes in touch Phase conductor
with a live conductor (any phase conductor), standing on the ground. I, wiv

This causes a current to flow through his body giving an electric

shock, which may be fatal in nature. The current will depend mostly Load
on the body resistance.

It become necessary to give an alternative path to this leakage ey
current, i’ the appliances are in contact with any live conductors. Fig 5.35

To explain this concept, let us consider an arrangement where an
appliance is in contact with live conductor. An human being in touch
with the appliance standing on the ground.

Let V = voltage between the phase and grounding.
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R =resistance of the current carrying path of the human being. Lifie conductor

. I
The Ia.;;jl-:age current through the Ilunmr':j bmlng tsingcn by «—appliance
I, =—p4. If I, >40md, it may cause death to the human ¥ L
being. v 2
To protect agaist such clectric shock grounding of all -1__*‘- ¥ Ground
appliances is necessary where these are connected toa solidly Fig 5.36 .

grounded point known as carth pit. The carth pits are being ‘
made such a way that the resistances of the earth pits should be as low as possible. Idcally it should be
less than one ohm for industrial system and less than five ohm for domestic system.

To explain how a grounding protects human being from electric shock is shown in fig. 5.37.

Let V = voltage between live conductor and grounded. .
Live conductor

R = Body resistance of the human being. T
Rg = Earth resistance of earth pit. Appliances
I = Leakage current through the human being. I,
Ig = leakage current through the earth pit. R,
Now there are two paths for the leakage current to flow to
the ground. They arc Iz and 1;. <= Earth Pit = Ground
y Fig 5.37
I, =—
A RE
¥
b s Ground
gl
Since R, <<R, So I, >>/, i.c most of the leakage current flows
through the carth pit. Thus protecting the human being from electric
shock.
Hence all electrical equipments and appliances are connected 1o the
earth wire drawn from the earth pit. The shocket point available for
single phase load censists of phase, neutral and ground as shown in
Fig.5.38. Phase Fi s Neutral

5.9  Generation, Transmission and Distribution of Electric Power

Prior to the discovery of Faraday's Laws of electromagnelic discussion, electrical power was available
from batteries with limited voltage and current levels. Although complicated in construction, D.C
generators were developed first to generate power in bulk. However, due to limitation of the D.C
machine to gencrate voltage beyond few hundred volts, it was nol economical to transmit large amount
of power over a long distance. For a given amount of power, the current magnitude (I = P/V), hence
section of the copper conductor will be large. Thus generation, transmission and distribution of d.¢
power were restricted to arca of few kilometer radius with no interconnections between generating
plants. Therefore, arca specific generating stations along with its distribution networks had to be used.
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5.9.1 A.C gencrator

A.C power can be generated as a single phasc or as a balanced poly-phase system. However, it was
found that 3-phase power generation at 50 Hz will be economical and most suitable. Present day three
phase generators, used to generate 3-phase power are called alternators (synchronous gencrators). An
alternator has a balanced three phase winding on the stator and called the armature. The three coils are
so placed in space that there axes are mutually 120° apart as shown in figure 5.39. From the terminals
of the armature, 3-phase power is obtained. Rotor houses a ficld coil and excited by D.C. The ficld
coil produces flux and electromagnetic poles on the rotor surface. If the rotor is driven by an external
agency, the flux linkages with three stator coils becomes sinusoidal function of time and sinusoidal
voltage is induced in them. However, the induced, voltages in the three coils (or phases) will differ in
phase by 120° because the present value of flux linkage with R-phase coil will take place after 1207
with Y -phase coil and further 120° afier, with B-phase coil. A salient pole alternator has projected

poles as shown in Fig.5.39. It has non uniform air gap and is generally used where speed is low. On the
other hand a non salient pole alternator has uniform air gap.

R 4

Driven al nrps by

prime mover Driven at mips by

prime mover

{a) Salient pole gencrator Y B (b) Non salient pole generator Y

Fig 5.39
5.9.2 Electrical Power Generation from conventional Source

Most of the power generated is from conventional source of energy. They may be from

a. Hydel: Potential energy of water is converted to mechanical and then to electrical energy
b. Thermal: Heat energy from bumning of coal is used to generate electrical encrgy
C; Neuclear: Neuclear encrgy is used for generation of clectricity

In the following section each plant is briefly explained.
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5.9.2.1 Thermal plant

We have seen in the previous section that Lo generalc voltage at 50 Hz we have to run the generator at
some fixed rpm by some external agency. A turbine is used to rotate the generator. Turbine may be of
two types, namely steam turbine and water turbine. Ina thermal power station coal is burnt to produce
steam which in tum. drives the steam turbine hence the generator (turbo set). In Fig. 5.40 the

clementary features of a thermal power plant is shown.

In a thermal power plant coil is burnt to produce high temperature and high pressure steam in a boiler.
The steam is passed through a steam turbinc to produce rotational motion. The generator,
mechanically coupled to the turbine, thus rotates producing electricity. Chemical energy stored in
coal after a couple of transformations produces electrical energy at the generator terminals as depicted
in the figure. Thus proximity of a generating station nearer to a coal reserve and water sources will be
most economical as the cost of transporting coal gets reduced. In our country coal is available in
abundance and naturally thermal power plants are most popular. However, these plants pollute the
atmosphere because of burning of coals.

3-phase A.C
Steam in Elegtric power
Coal #
F
i =
A Turbine 1 Geperator
] 4

Steam
ot

Chemical energy. p Heat cneegy » Mechanical cnergy » Elcctrical
in coal i steam in turbine energy

Figure: 5.40 Components of a Thermal Power Plant

Stringent conditions (such as use of more chimney heights along with the compulsory use of
clectrostatic precipitator) are put by regulatory authorities to see that the effects of pollution are
minimized. A large amount of ash is produced every day in a thermal plant and effective handling of
the ash adds to the running cost of the plant. Nonetheless 57% of the generation in out country is from
thermal plants. The speed of alternator used in thermal plants is 3000 rpm which means 2-pole
alternators are used in such plants.

5.9.2.2 Hydro Electric plants

In a hydel power station, water head is used to drive water turbine coupled to the generator as shown
in fig. 5.41.Water head may be available in hilly region naturally in the form of water reservoir (lakes
etc.) at the hill tops. The potential energy of water can be used to drive the turbo generator set installed
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at the base of the hills through piping called pen stock. Water head may also be created artificially by
constructing dams on a suitable river. In contrast to a thermal plant, hydel power plants are
cco-friendly, neat and clean as no fuel is to be burnt to produce clectricity. While running cost of
such plants is low, the initial installation cost is rather high compared to thermal plants due to
massive civil construction necessary. Also sites 1o be selected for such plants depend upon natural
availability of water reservoirs at hill tops or availability of suitable Rivers for constructing dams.
Water turbines generally operate at low rpm, so number of poles of the alternator is high. For
example a 20-pole altemator the rpm of the turbine is only 300 rpm.

Up stream
water level

A Water head
i

At 3-phase A.C
A Dam Electric power

“\
Waler N
| Turbine j:@; Generator

—= Discharge of water
———in down stream
Potentinl enerey Kinetic p Llectrical

of water " enerpy CnerEy

L~
]

Figure: 5.41 Components of a hydro cleetric power plant

5.9.2.3 Nuclear plants

As coal reserve is not unlimited, there is natural threat to thermal power plants based on coal. It is
estimated that within next 30 to 40 years, coal reserve will exhaustif it is consumed at the present
rate. Nuclear power plants are thought to be the solution for bulk power gencration, At present the
installed capacity of nuclear power plant is about 4300 MW and expeeted to expand further in our
country. The present day atomic power plants work on the principle of nuclear fission of U™ In the
natural uranium, U* constitutes only 0.72% and remaining parts is constituted by 99.27% of U**®
and only about 0.05% of U™ . The concentration of U™ may be increased 1o 90% by gas diffusion
pracess to obtain enriched U, When U** is bombarded by neutrons a lot of heat encrey along with
additional neutrons are produced. These new neutrons further bombard U pmduci:;a _—" heat
and more neutrons. Thus a chain reaction scis up. However this reaction is allowed to lul:c place ina
controlled manner inside a closed chamber called nuclear reactor. To ensure sustainable chain
reaction, moderator and control rods are used. Moderators such as heavy water (deute rium) or very
pure carbon C'* are used to reduce the speed of neutrons. To control the number neutrons, contral
rods made of cadmium or boron steel are inserted inside the reactor. The control rods can absorb
neutrons. If we wanl to decreasc the number neutrons, the control rods are lowered down further and
vice versa. The heat generated inside the reactor is taken out of the chamber with the help of a
coolant such as liquid sodium or some gaseous fluids. The coolant gives up the heat to water in heat
266
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exchanger to convert it o steam as shown in fig. 5.42, The stcam then drives the turbo set and the
exhaust steam from the turbine is cooled and fed back to the heat exchanger with the help of water
feed pump. Calculation shows that to produce 1000 MW of electrical power in coal based thermal
plant, about 6 x 10" Kg of coal is to be burnt daily while for the same amount of power, only about 2.5
Kg of U™ is to be used per day in a nuclear power stations.

Control rods

Steam 3-phase A.C
— Electric power

:

% | ] ] ] i
\ NINHER =)
NINENENER :

o \\\ S:: & \ E Turbine - Cicnerator
' - '!h

rods 8 N N A 3
K N N ©

Exhausted steam
from turbine

Moderaior
_-& Condenser
Water feed
Coolant pump
circulaing pump

Figure: 542 Components of 2 Nuclear Power Plant

The initial investment required to install a nuclear power station is quite high but running cost is low.
Although, nuclear plants produce electricity without causing air pollution, it remains a dormant
source of radiation hazards due to leakage in the reactor. Also the used fuel rods are to be carefully
handled and disposed off as they still remain radioactive.

The reserve of U is also limited and can not last longer if its consumption continues at the present
rate. Naturally search for altemative fissionable material continues. For example, plutonium (Pu™")
and (U™ ) are fissionable. Although they are not directly available, absorbing neutrons, U™ gets
converted to fissionable plutonium Pu™ in the atomie reactor described above, The used fuel rods can
be further processed to extract Pu™™ from it indirectly imcreasing the availability of fissionable fuel.
Effort is also on to convert thorium into fissionable U™ | Incidentally, India has very large reserve of
thorium in the world. Total approximate generation capacity and contribution by thermal, hydel and
nuclear generation in our country are given below.

Method of generation in MW % contribution
Thermal 77 340 69 .4
Hydel 29 800 26.74
Nuclear 2720 3.85
Total generation 111440 ey

267

Downloaded from www.LectureNotes.in. Contributed by Dr. RAMAPRASAD PANDA



https://lecturenotes.in

BASIC ELECTRICAL ENGINEERING

5.9.3 Non conventional sources of energy

The bulk generation of power by thermal, hydel and nuclear plants are called conventional methods
for producing electricity. Search for newer avenues for harnessing cco friendly electrical power has
alrcady begun to meet the future challenges of meeting growing power demand. Compared to
conventional methods, the capacity in terms of MW of each non-conventional plant is rather low, but
most of them are eco friendly and self sustainable. Wind power, solar power, MHD generation, fucl
cell and power from tidal waves are some of the promising alternative sources of energy for the future.

E*—*ﬂ'i‘.ﬂ insulators
LT
W Transmission bime
{bare condactor)

5.9.4 Transmission of power

The huge amount of power generated in a power station
(hundreds of MW) is to be transported over a long distance
(hundreds of kilometers) to load centers to cater power to

ey

XXX KK AKX K>

Y -{lﬁ"l"

consumers with the help of transmission line and =

N . g o
transmission towers as shown in Fig. 5.43. ’ Tr.m:-mis-l-:iurl bower

stec] struciune

5.9.5 Substations g

FLNL G

Substations are the places where the level of voltage A transmission Tower

undergoes change with the help of transformers, Apart from P

transformers a substation will house switches (called circuit breakers), meters, relays for protection
and other control equipment. Broadly speaking, a big substation will receive power through incoming
lines at some voltage (say 400 kV) changes level of voltage (say to 132 kV) using a transformer and
then directs it out wards through outgoing lines. Pictorially such a typical power system is shown in
Fig.5.44 in a short of block diagram. At the lowest voltage level of 400 V., gencrally 3-phase, 4-wire
system is adopted for domestic connections. The fourth wire is ealled the neutral wire (N) which is
taken out from the common point of the star connected secondary of the 6 kV/400 V distribution
transformer.

T Big T Medium Tor Small
s ey indhesirics nvbustries
SN EY
IV trumsmizssion
line
Generalor - . - ] .
kv | 5 £ Ef. e 5Lz
== o B hE= S E=
i BES s miEE = &L
b= B s o e
é g s Eg w -"E:-:'. T E:‘.
- —a r
o4 R —
4 £ b
ot T ZE8
- lz‘.
Eg n— g
ﬁ"r w B
oy N —

[hamuesing consumers

Fig. 5.44 Lav-out of subsiation
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5.9.6 Single line representation of power system

Trying to represent a practical power system where a lot of interconncctions between several
generating stations involving a large number of transformers using three lines corresponding to R, Y
and 13 phase will become unnecessary clumsy and complicated. To avoid this, a single line along with
some symbolical representations for generator, transformers substation buses are used to represent a
power svstem rather neatly. For Example. the system shown in Fig.5.44 with three lines will be
simphfied to Fig.5.45 using single line.

To bip To medium To small
Transformer industries industrics inclustries

Sub 1 Sub 2 MRV 11KV 1KY/ 6KV
G 4 / = A

| _ 400KV |
e = -
Tra nsmissim‘:l

line 1
10kV /400kV 400KV /33kV

_1 Sub 3 + Sub g

To -
LT consumers

A00% fBkY

Fig. 545 Single line representation of power system

Another example, an interconnected power system is represented in the sclf explained Fig. 5,46 1t 1s
hoped that you understand the important features communicated about the system through this figure,

Step up HV transmission line 3 Ty
transformer B'{_/ w3 loads
Gl o~ To
Transmission line 1 * loads

w

Stepdown +
kra nanr:nL r To
loads
G2 /
: Line
Power station 1 interconnecting

two stations

ﬁ To
loads
Yower station 2
G2

Fig. 546 Single line representation of a interconnected power system
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5.9.7 Distribution system

Till now we have leart how power at somewhat high voltage (say 33 kV) is received in a substation
situated near load center (a big city). The loads of a big city are primarily residential complexes,
offices, schools. hotels, street lighting etc. These types of consumers are called LT (low tension)
consumers. Apart from this there may be medium and small seale industries located in the outskirts of
the city. LT consumers are to be supplied with single phase, 220 V, 40 Hz. We shall discuss here how
this is achieved in the substation receiving power at 33 kV. The scheme is shown in Fig. 5.47.

el VMO0V oL
Sub1 feeders ﬂkvj;g Service main
. Elkv . 5(‘!"-’“.‘.1_' I11-'li|'|
" Underground cable [+ wires: R, Y, B & N)
} ceders :i.
I3V 6KV Sy Dristribution b .
' 1:2'&1:*:5 transformer Service main

Fig.5.47 Single line representation of a Distribution system

Power receive at a 33 kV substation is first stepped down to 6 kV and with the help of underground
cables (called feeder lines), power flow is directed to different directions of the city. At the last level,
step down transformers arc used to step down the voltage form 6 kV 10 400 V. These transformers are
called distribution transformers with 400 V. star conneeted secondary. You must have noticed such
transformers mounted on poles in cities beside the roads. These are called pole mounted subst
From the secondary of these transformers 4 terminals (R, Y, B and N)come out. N is called
and taken out from the common point of star connected secondary. Voltage between any
(i.e.,R-Y,Y -B and B-R) is 400 V and between any phase and neutral is 230 V. Reside
are supplied with single phase 230V, 50Hz. So individual are to be supplied w
phases and neutral. Supply authority trics 1o see that the loads remain evenly balanced among the
phases as far as possible. Which means roughly one third of the consumers will be supplied from R-N,
next one third from Y-N and the remaining one third from B-N. The distribution
pole mounted substation can be done either by (1) overhead lines (bare conductors) or by (2)
underground cables. Use of overhead lines although cheap, is often accident prone and also thefi of

power by hooking from the lines takes place, Although costly, in big citics and thickly populated
areas underground cables for distribution of power, are used.

ations.
the neutral
two phases
ntial buildings
ith any ‘one of the

of power from the

270

Downloaded from www.LectureNotes.in. Contributed by Dr. RAMAPRASAD PANDA


https://lecturenotes.in/advt/click/note/121831/2
https://lecturenotes.in

PREVIOUS YEAR
QUESTIONS SOLVED it

. g,
{reS sl ST ! : i S
1. The Line voltage ol a 3-phasc circuit is 400 ¥V with line current of 100 A and power factor of
0.5. Caleulate the total power delivered by the 3-phase line. (1st semester 2003)

Solution : V=400V, 1. = 100 A, cosp=0-5
Total power delivered by 3-phase line is P =3V, I, cost = /3 (400)(100)(0-5)
=34640 watt

2 The current Nowing in a circuit is leading the applicd voltage by 30", What is the power factor
of the circuit ? (1st semester 2003)

Solution : Power factor = cosd = cos30=0-866 (lcad)
3. Which type of distribution svstem is used for domestic supply :
(a)  3-phase, 3-wire
(b)  3-phase, 4-wire (Ist semester 2003)
Solution : 3-phase, 4 wire

4. What is the basic constructional difference between an energy meter and wattmeter ?
(Ist semester 2003)

Solution :

Watt meter Encrgy meter

1. Scalewith Pointer, 1. Register for recording energy consume
forspecified peniod.

2, Dﬂmpil!g torque, f.:n:-!ltrn] torque and [ 2. Control torque and damping torque

Deflecting torque required. replace with braking torque by providing

two scts o brake magnets.

3. Indicating instrument 3. Integrating instrument,

5. Find an expression for the current and calculate the power, when a voltage represented by

V' =100sin 7t is apphied to a coil having R =30Q and L =0-159H
PP & (Ist semester 2003)

Solution : V =100sinmt, R =500, L=0-159H
¥ s @ = 70-721 volt.
J2
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rad
n=x—
sCC

X, =0L=0-499Q
Z=R+jX,6 =50+ j0-499=50£0-57"Q

Fa

el I
Current flowing through the coil is, / = —

70-721£0°
oS gkl b £

=T 0p o501 4144-0:51" 4

Power =/ cos¢=T0-721x1-414% cos0-57
=99.9945 = 100 walt

Expression for current is i=/_sin(wr+é) =1 4I4~ﬁsin(m —ﬂ~5’?")

6. Three coils cach having a resistance of 30Q and impedance of 50 are connected in delta
across a 400 V, 50 Hz, 3-phase supply. Find (i) the Line current (ii) the Power factor (iii) the
active power absorbed. (1st semester 2003)
Solution : V, =V o =400V, f= 50 Hz, Z, =500 R=30Q
Vi 400
I, =-=""-34
rh
L. .30
() I,=+31,=y3x%8=13-8564
(i1)  Power factor =cosd = -f: =0-6
(iii)  Active Power=43V, I, cosd
=~/3(400)(13-856)(0-6) = 5759 66 watt
7. What is the average power dissipated in 1022 resistor, if the voltage across it
V()=5+ 3cos(1+10)+ cos(2r +30) (Ist semester 2004)
 Ua) (M)
. - i of T J'l_
Solution : Average Power dissipated = () + ‘E~—+ 8l s 3 watt
10 10 10
8.

A 200 pF capacitor is connected to a 240 volt, 60 Hz source. What is the reactive VARs it

draws ? (Ist semester 2004)
Solution : C =200 10" F, =60 Hz,

| |
X m—r= =13
¢ 2nfe 2m(60)(200x10°)

V =240 volts,
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yi o (240)°
Reactive P::rwﬂr=—=( ) = 4340-61VARs
X, 13:27
2§ A 2-clement series circuit is connected across an AC source, whose voltage

V(1) =2302sin (314r+3ﬂ" ) The current in  the circuit is found to be

i(1)=1042cos (3141~ 35°)

(i)  determine the parameters of the circuit and power factor.

(i)  the average active and reactive power in the circuit. (1st semester 2004)
Ve 23042

Solution : Z=—"=
I, 1042

(i) Power factor =cosd =cos65=0-422
Resistance, R = Zcos¢=9-706€
Inductive reactance X, = Zsind =20-84Q

23042 1042
i Active Power = Fl costh = ——— - ——-¢c0s65 =072 wall.

=23Q

Reactive Power = Ml sind = 2084 -5VAR

10. A choke is connected in series with a 180/ capacitor witha constant 240 volt supply voltage,
the maximum current drawn by the circuit at 60 Hz supply frequency is 60 A, Find (i) the
resistance and reactance of the choke. (ii) the voltage across the capacitor.

(1st semester 2004)
Solution : C=18x10" F, V = 240 volts.
(i)  Under resonance condition, current is maximum.
5y
Maximum Current, [ = A =60 A
¥ 240
R=—=""=4Q
60 60
Resonant frequency = 60 Hz.
|
= =60
2nvLC
= L=0-391H
Inductive reactance = X', =2n/L=2nx60x0-391=147-30Q
(ii)  Voltage across the capacitor is I, = IX .
1 |
=V. =l —=60x =8B46- 4 volts.
¢ e 2m(60) (18x10™)
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1. A 3-phasc balanced system has a line voltage of 202 V, rms and feeds a delta connected load
with a phase impedance of Loy = 25260" Q. Find the line current and power supplied to the
load. (1st semester 2004)
Solution : V', =202 volts, Z,, =25£60" Q
Vo =202 volis.
" 508
I ,=——=8:084
P}l =
"fr“'

1,=31,=13-9944
P=437, 1, cost=3(202)(13-994) cos 60 = 2448 watt.

12. A 3-phase delta connected balanced load each phase having resistance of 200 ohm is supplied
by 3-phase star connected voltage source of 200 V per phase. Find the total active power
consumed by the load. (2nd semester 2004)
Solution : Supply voltage per phase V x =200V
Supply line voltage V, =3V, = /3(200)=346-4¥
Load is delta connected. ' n h
So¥V, =V, =346-4¥

2000 20
R, =200Q v, (i
| =
g 464
ﬁ:_""=?'__’_-_=].?32‘.f ‘
R, 200 — AN
20002
I, =31, =3%1.7132=2.999 4= 3,4 Generator L
Active power consumed by load = /3 V, 1, cost = +/3(346- 4)(3)(1) =1799-89 watt.

13. Which type of generation is preferred for pollution free environment ? (2nd semester 2004 ).
Solution : Under conventional method hydro clectric generation is preferred and under
non-conventional method solar, wind, geothermal cte. are preferred for pollution free
environment,

14. Name four industrial application of electric energy. (2nd semester 2004)

Solution : (i) Electric traction, (i i) Heating, (iii) Metal refining (Electrolysis),

(iv) Hlumination.

15. When a voltage of 100 V a1 50 Hz is applied to a coil
L ; + the current taken and power consumed arc SA
coil B having resistance R, and inductance L,
and 500w respectively. What current
thesc two coils connected in series ?

A having resistance R and industance
and 120W respectively. When applied to a
the current taken and power consumed are 10A

and Power will be taken when 100V s applied across

(2nd semesier 2004)

T e —

35 A REE T
f B
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Solution : (i) For coil A,

V =100 volts, I=8A, f= 50 Hz, P = 120 watt
£, =@=12-5ﬂ:
8
-::usq:t:i: e =0-15
T VT 100x8

R,=2Z, cosh, =12:5%0:15=1-875Q
X, =72 —R% =4/(12:5)* - (1-875)* =12.35Q
(if)  Forcoil B,

V=100volts, 1=10A, P = 500 watt

sk <P TS0
B pr 100x10

R, =Z, cos¢, =10%0-5=5Q, X, =./Z: - R} =8:66Q

When these two coils A and B are connected in series then total resistance R=R , + R, =6-875Q
and total reactance, X = X  + X, =21Q

Impedance Z=+R* + X7 =22.1060

Current flows through the circuit, f = b = e =4-524 4

Z 22:10
Power taken, P =17R =(4-524)" (6-875) =140-683 watt.

16. Three identical impedances are connecled in start across a 440 volts 3-phase, 50 Hz supply.
The Line current is 40A and the p.f. is 0.8 leading. Find the value of resistance and
capacitance in each phase. (2nd semester 2004)
Solution : I, =404, V, =440 volts, f=50 Hz, p.f.=038

V, 440
V, =—t=——"=254-04volis, I . =1, =404
"TBT B ™
Ve 254.04
T -
o L 20 6-351Q

R,=Z,c080=6-351x0-8=5-08Q2
X,=Z,snp=6-351x0-6=3-81Q

Capacitance C = =835-8uF

nf X,

B e S % -
- I{fq:"-l'?'__-_.'-f_'."f- i g g G o
s

i gl
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17. A resistance R and inductance L = 0.01 H and a capacitance C are in series. When an
alternating voltage IV = 400sin (31]{][].' - 2{]") is applicd to the series combination, the current

flowing is 10y2sin (30001 - 65°) (Supplementary Exam-04)
(i)  Find the values of 'R' and 'C'

(i)  Find the voltage across 'C’

(i)  Calculate the total power drawn by the circuit.

Solution : L =001 H, ¥, =400volts, /_ =102 volts,

Vi
. ¥ v
) Z="= /&=—“=ﬂ=23-233m
Lowr ol £ 1042
/2

Phase angle ¢ = -20 + 65 = 45" (lag)
Net reactance, X = Z sin @
=X, =X, =ZsinB=28-288sin45
=X, -X,=20
=X, =X, —20=wL-20=3000(0-01)-20
=X, =10
:iﬂﬂ
&= ]Elh:ﬂ 5 m(slnaﬁ]

=33.33uF

R=Zcost=28-2885c0545=200
(i)  Voltage across 'C'is V. = [X . =10(10) =100V
Instantaneous value of voltage across 'C' is

Ve =2V, sin(30001 ~ 155) = 1002 sin(3000¢ - 155) volt.

(iii)  Total power drawn by the circuit= R = [fi] R =2000 watt,

V2

18. 100_\-? (line to line) is connected to a star connected load of 3+ j4€2 in each phase. Find the
line current and power. (Supplementary Exam 2004)
Solution : V, = 400 volts.
Z,=3+j4=5/53.13°Q
276
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¥V, 400
Vo=t = —— =230-94 volis.
N E R
V ;
Iﬂ_i_zan W e
z, 35
sl =1,=464
Power =+3¥, I, cosd =+/3(400)(46)cos53:13=19-21KW
19.
400V
3-Phase R 4
AN
R
If power in 1st circuit is P then Prove that power in 2nd circuit is 3P.
(Supplementary Exam 2004)
400 /¢
Solution : In star circuit power=P = V3 R R
= P= {4'}0)2
3R
400 (400)°
In delta circuit power = F, = (—ﬂg] R= (a00)
R R
F
—L=3 =P =3P
F
20. Why 3-phase system is used for generation and transmission of electric power ?

(Ist semester 2005)
Solution : (i) To transmit a given amount of power over a given distance less copper and other
materials are required in a 3-phasc system.

(ii}  In polyphasc system both I-phase (low voltage) and 3-phase (high voltage)
can be provided from the same source.

(iii)  Polyphase motors have uniform torque and self starting,
(iv)  For an equal size motor the output of a 3-phase motor is high.
(v)  Polyphase generators can easily be synchronized for parallel running.
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21. A circuit consists of voltage I =4+ j3 and impedance Z =3+ j4 ohms. Find the current,
active power and reactive power.,

Solution : V =4+ j3=5.36-86volts.
Z=3+ j4=5253-13 ohms.

(Ist semester 2005)

V
Current / = = =1£-16-27" Ampere. ¢ =53-13°

Active power =7 cos¢ = (5)(1)cos53-13 = Iwalt.
Reactive Power =M sing=(5)(1)sin53:13=4 VAR.

A 20 ohm resistance and 30 mH inductance are connected in series and the circuit is fed from
a single phase 230 V, 50 Hz AC supply. Calculate (i) inductive reactance (ii) impedance (iii)
admittance (iv) current (v) active power. (1st semester 2005)

Solution : R=20Q, L=30x10"H V=230V S =50Hz
(i)  Inductive reactance X', =2n/L =9-42Q
(i) Impedance Z=R+ jX, =20+ j9-42=22-1,25-220

22,

(1) Admattance, ¥ = %*: 0-0452 £ -25-22mho

(iv) Current, | = ; =10-44

4]

(v)  Active Power = cosd=(230)(10-4)cos25-22=2 . 16KW

23, Two coils of impedance 25:23.237"ohms and 18-65.268" ohms are connected in series
dcross sjnglc phase 230 V, 50 Hz AC supply. Determine (i) the total impedance (ii) current
(iii) active power (iv) reactive power (v) power factor of the eircuit.

(Ist semester 2005)
Solution : Z, =25-23.237" =20-15+j15-18

Z, =18-65£68" =6-986+ 1729

(i)  Total impedance Z=27:136+ j32-47=42-31250-11Q

(ii) Current, [ = - B 2%, =5-4364

Z 42.3]
(ii) $=350-11

Active Power = M cost = (230)(5-436)cos50-11=0.801 KW
(iv)  Reactive Power = I sind = (230)(5-436)sin50-11=959. 31 V4R
(v)  Power factor =cos¢=0-6413

24, A star connected three phase load has a resistance of 8 ohms and a capacitive reactance of 10

ohms in each phase. The load is fed from a 3-phase 400 V, 50 Hz balanced supply. Calculate
(1) the line current (ii) active and reactive power. (Ist semester 2005)
AT 5e ser 2
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Solution : R =80Q), X =100
EM =R—-jX,. =8~ jl10=12-8£-51-340)
V, 400

Vo, =—&=—=230-94volts,
L
Vi
(i) Line Current = Phase Current = E"— =18-044
ph

(i)  Active Power =+/3 Vv, 1, cosg= J3(400)(18-04)cos(-51-34)
= 7807 - 54 watt.
Reactive Power = -.EFL 1, sing=-9759-359 VAR
A circuit has current / = 4+ j3 Ampere voltage V' =6+ /8 volts. Give the complex form of

PUWEL, (2nd semester 2005)
Solution : Complex form of power =11 #

Given V' =6+ j8 volts.

[=4+ j3A

I*=4-3j4

Complex form of power = ¥7*=(6+ j8)(4-3/)

=48+ 14j

Real Power = Active Power = wallt

Reactive Power = 14 VAR

Name the different sections of power system by which the electric power reaches your home
from the generating station. (2nd semester 2005)

Solution :

~  LpctureNagtes.km |
== T [ 45 1°¢

1KV H/132KY 132/11KV 04KV

}-—G::mralim-»l-iﬁnnsmissiun —+— Primary — —Sccnndary—»‘
Distribution Distribution

Three impedances of each (84 76)€ are connected in star and to a 200V, 50 Hz. 3-phase
supply. What is the total power consumed? What will be the change in power consumed if the
same impedances arc connected in delta 7 (2nd semester 2005)

k)

Seolution : (i) Star-connection :
Z=8+ j6=10£36-86" Q

& =36-86"

¥, =200 volts.
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Y, 200

VH=—\T%—=—§=IIS-4‘?1’{:I15.
Vea 115-47
I, === =11.547 4
ph
Z, 10
I, =11-547 4
Power consumed =3V, I, costy= V3 (200)(11-547) cos 36-86 =3 -2 KW
(ii) Delta - Connection :
V, =V, =200 volts.
Z=10£36-860
V200
I =—£—=——=2
nZ, 10 %

I, =31, =J3(20)=34-644
Power=+3V, I, cosp=9-6KIW

28. What are the various domestic used of electricity ? You have a heater rated 250 V, 1500 W.
What is the resistance of heating element ? (Znd semester 20035)
Solution : Some of the uses of electrical energy in domestic applications are,

(i) heating : Micro oven, heater, immersion heater, electrical kettle etc.
(i)  Cooling : refrigeration, Air conditioning
(iii)  Motoring : Celling / table fan, water pump, vacuum cleaner etc.
*  (250)
The resistance of the heating element is R = ! = (250) =41-6602
P 1500

29. 2 impedances of values (4+ j3)Q and (4-j3)Q are connected in parallel. Find the
impedance and power factor of the parallel circuil. (2nd semester 2005)
Solution : Z =4+ j3=5/36-89Q

Z,=4-j3=5/-36-8902
Total imped Z= L '
otal impedance Z = Z + 2,
_536-89x52~36-89
= 4+ j3+4- 43
e ® 3125200
8
Power factor = cosg = cos 0 =1
280 T E———— ——
IR et
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The potential drop across a circuit is represented by (40+ 425) volts with reference to the

circuit current. The power absorbed by the circuit is 160 volts. Find (i) p.f. (i1) the complex

impedance (iii) the magnitude of impedance and (iv) the magnitude of the circuit current.
(Ist semester 2006)

Solution : V =40+ j25volts = 47 -17.£32" volts, With current as reference vector.
By taking V as reference vector, V' = 47 - 17.£0%volts.and [ =72 -32" A
(i) Given Power, P = 160 watt.

cos¢ =cos(~32)=0-84(lag)
P _ 160
Veosd (47-17)(0-84)

47.17 £0°
4.03 £=32

=4-034

(i)  Magnitude of circuit current, / =

(ili) The Complex impedance, Z = =11-7232" =9.92+ j6-2 ohms.

(iv) Magnitude of impedance =11-7 chms

Three similar coils having cach a resistance of 10 ohms and an inductance of 0-05 / are
connected in delta across a 3-phase, 400 V, 50 Hz supply. Calculate the total power absorbed
and the line currents drawn from the source. (st semester 2006)

Solution : R=10Q, L=0-05H,f=50Hz
X, =2nl=15-10

Z,=R+jX, =10+ j15-7=18:61.£57-5Q
v, =V, =400volts, ¢=57-5°(lag)

Y. _4_{m=21.SA

; =_'Pk...
L]
m Z, 186l

I, =+31,=37-2274
Power absorbed =+/3 ¥, I, cos¢ =+/3 (400)(37-227)c0s57 -5
=13-857 KW

In a series circuit containing pure resistance and pure inductance, the current and voltage are
expressed as |

i{t):ﬁsin(3l4:+%£]
a 714
and ¥ (¢)=15sin (3]4r+ -6—]

(i)  What is the impedance of the circuit ?

(ii)  What is the value of the resistance ?

T m—

LAY A

of g i bk
P

e

= Tk,

B s e e P
i

Yy R T LY ey e e e i TR ain T AR Er e TR
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(iii)  What is the inductance in henrics ?
(iv)  What is the power drawn and p.f. ?
(2nd semester 2006)
Solution : i( )= 5sin [3 141+ 3;-] = Ssin (3 141+ IEU")

; : 5
¥ (1)=15sin [3 41+ ﬂ)= 15sin (3141+150°)
6

e
5
(i)  ¢=30"(lag) R=2Zcosd=2-59Q
(i) X, =Zsinp=1.5Q

1-5 1.5

= —— —.--:4.
w314 TT mH

(iv) p.f=cos¢=0-866

i 2 3Q

Power drawn =Vl cosb = o, % = * cos30

V272

= 32.47 watt.

33. Three similar coils having a resistance of 202 and an inductance of 005 # are connected in
star to form a 3- phase balanced load. What will be the line currents drawn by this load when
connected to a 3-phase, 50 Hz supply with 400 V between lings. (2nd semester 2006)

Solution : R =200, L=0-05H, f=50H=
X, =2nfL=15-71Q
EM =R+ jX, =10+ j15-7T=18-61457-5Q

v, =400V
V, 400
Fa =-£3= 7 = 230:94volts
Vs 23094
I, ==Lt = =12-40,
AZ, 1861 ‘

1,=1,=12-404

34, A balanced star connected load of 10 + j8§ ohms per phase is connected to

: : a 3-phase 250 V
supply. Find the line current and the p.l F

(15t semester 2007)

Solution :V, =250V , 7 =10+ j8=12-8 2386 ohms

T T eneserem—
- = L e R
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14
V., =i_-‘*=-%E:144-34voits.
"33
¥ ’
£y =t Iy
Z. 12-8
I, =1, =11-276

p.f=cosdp=cos3B-6=0-78I

Calculate the power dissipated in a 15 ohm resistance when a voltage of 225+225 sin 314tis

applicd across it. (2ud semester 2007)
25/ )
_ . (225)’ { Ji) .
Solution : Power dissipated = T + % = 5063 watt.

Three similar resistors connected in star draw a line current of 10A from a 3-phase 415V, 50
Hz balanced supply. What should be the value of the line voltage to obtain the same line

current with the resistors connected in delta ? (2nd semester 2007)
Solution :
In star : (ii) In delta :
I, =1,=104 I, =104
¥, =415volis ! —E—S-T?A
e . it -ﬁ
[ 415
V. =—t=—(—=239.6volis. R, =23-960)
"B o
Vo 23-960Q V. o= 2
R, =:= i-9 5 -u.."m Rﬂ,_ = 13825 volts.

Ve=V, =138-25vols.

A 3-phase, 3 wire, 240 volts, 50 Hz, RYB system of supply has a delta connected load with
Zoy =2y =2y =154~ 30° ohms. Obtain the three line currents and draw the complete
phasor diagram showing the line voltages, phase currents and line currents.

(2nd semester 2007)

Solution : V., =24020, V,, =2402£-120", 1, =240.£-240

Vip =V =V, =phase voltages = Line voltages

283
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R s I|,1 =11, >
I / \ Iy
H | 2 ]-” =!':-IT s
v
% r'
. ° I
l‘.! Ei\-_.E“ -

Fig shows the phasor diagram.
Z, =15£-30"=12-99- j7-5Q

o
Z. 15
I, =\31,=21.7124

38. A 3-phase balanced delta connected load is connected to a symmetrical 3-phase 440 V
balanced supply. The current in each phase is 50 amperes and lags 30 degrees behind the
corresponding phase voltage. Find the Line current and the total power.

(Ist semester 2008)
Solution : V, = V. =440volis
I, =504, $=30" (lag)
1, =431, =50/3=86-64
Total Power = u@_l’,_ [, cosg= @{44{]){36-13] cos30=3T 154 KV

39. A 3-phase, 3 wire, 415 volts, 50 Hz, RYB system of balanced supply is connected to a star
connceted load with Zy, =110£40°Q,Z,, =105£-50"Q and Z,, =90.30° Q, where
‘N is the neutral point of the star connection. Obtain the three line currents and draw the
complete phasqr diagram showing the line voltages, Phase vollages and line currents. The
supply neutral is carthed. (Ist semester 2008)
Solution :

n
?‘t!\lJ] Zl‘\{
UF ql'Ir\H C:) vl“d
-
284
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Given Line voltage I, =415 volis.

Phasc voltage V', = I 239 - 6 volts.

V3

Vew =239-6.£0° volts Viw =239:6£—-120° volts

Vew =239-6£120° volts.
LetV, = voltage at node 'n".

Apply KCL to node n,
E\' -ll’n 3 l'rh"-' '_]Jn ¥ IIEN _Vn =ﬂ'
z.l:."#' zi’."-' zﬂ','-'
o Kaw Vo Ve =F,[ i 1 ]
zﬂ N N 'zﬁ.‘-‘ Z Ry Z T zﬂ hi

Vaw Vo  Vox  239-6£0 239-6£-120° 239-6£120°

oy oZe B Zey _ 110£40° 1054 -50° 90.£30°
1o 1O A VN ——
T iy 110£40° 1054 -50° " 90£30°

= V. =113-116£ -9-53° volts
=111-55- j18- 727 volts
Ven =V, _239-6£0-113-116£-9-53°

— " RN n
.lrﬂ-—

> 110240° =1-147£-37-813° 4
RN

=V 62 -120°-113- -9.53°

fr=l"',,, _=239 62 —120°-113-116.2-9-53 =3 9433/ —89. 01° A
7 105£ - 50
L : 0°=113- -0.

I,=IM V. =239 6212001131162 -9 53:35(]5;{](]?-699;!

Z. 90230

40, A balanced three phase star connected load of 200 KW takes a leading current of 150 A witha
line voltage of 1100 V, 50 Hz. Find the circuit constants (resistance and capacitance) of the

load per phase. (Ist semester 2008)
Solution : I, =1  =1504
e Ty v, g =ln BRI _LLs
V, =1100volts, f=50Hz V¥, =E=535-mmm. "L 150 -
Power=+3V, I, cost
|
::&l:nsﬂ}:——P 200519 -=0-7 (lead)

By, 1, Bx1100x150

R=Z  cos0=2-963Q X.=2, sin$¢=3-02Q =&L,=3~D2=-C=I-D53KEE"F
Infe
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41, Three identical impedances connected in star fashion draw a line current of 5.2 — 30° A, when
connected across a 400 V, 50 Hz, three phase AC supply. Find the resistance and reactance of
impedance per phase.

(15t semester 2009)
Solution : I, =5£-30" 4, V, =400 volts, =350 Hz
¥, 400
V,=——==—=230-94¥
I
I.=1,=5£-30"4
Vin 230:94
Z,=-S =" 46188430 Q
P I, 5£-30
¢=30" (lag)
R, =Z,c0s30=40Q
Xy =Z, 5in30=23.09Q (Inductive)
42, A resistance of 10€2, an inductor of inductance of 2H and a capacitor of capacitance 100

micro fﬂrIﬂd arc connected to a single phase 230 V AC source of varies frequency. Find (i)
current, (i) p.f (iii) active power consumption corresponding to supply frequencies of 50 Hz
and 100 Hz respectively. (Ist semester 2009)

Solution : R=10Q, L=2H,C=10x10" F, V=230 volts
(i) when frequency = 50 Hz then
rad

©=2nf =2r(50) =314—
5eC
X, =oL=628Q
1 |
T oC  314x10x10°
Z=R+j(X, - X.) =10+ j(628-318-47)
=10+ j309-53=309-69 £88-15° Q
" e 230

Z  309-69.288.15

=318-470Q2

e

=0-74£-88-154

Similarly when supply frequency is f= 100 Hz then ® = 251/ = 62874
see

X, =wl=12560
X : = :
wC  628x10x10°°

€ =159.230

Z=R+j(X, - X.)=10+ j(1256-159.23)

[= " Ry — ass — —

R T TRTE - T e
= i o E
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=10+ j1096-77 =1096-81 £89-477
V 230

Z 109681289477

=0-2097 £89-477 4

(i)  When f= 50 Hz then Power factor = cos 88.15 = 0.0322
When f= 100 Hz then Power factor = cos 89.477 = 9.12 x 107
(iii)  Active Power =Vl cos$ = (230)(0- 74)(0-0322)=5- 48 watt
Active Power =V cos¢ =(230) (G-EUEIT}(E? A2x 107 }=G-439 watt
43, A balanced 3-phase delta load has load impedance of | 0+ j25 ohms per phase and is supplied

from a balanced 3-phase 400 volts, 50 Hz, AC supply. Draw the phasors indicating the values
of

(i)  Line voltages, phase voltages and

(i)  Line currents, phase currents. (1st semester 2009)

Solution :

(i) E,,,, =10+ j25=26-92/68-19 chms.
¥Fi =iFr"‘,JE = 400 volts.

Vo 400

() 1,=-"t=
" Z, 269246819

=14-852-68:194

I, =31,=25-74
& =068-19 (lag)

P — L] 1‘ - - o ' - - r -
AR A e Ty Ly ri 5 - AT 3 vy B E g s e e e mmmm g e e
= 5 ¥ 2
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44, A 3-phase, 3 wirc, 415 volts, 50 Hz, RYB system of balance supply is connected to a delia
connected load with Z,, =120£40° ohms, Z,, =155250" ohms and Z,, =100£-30"
ohms. Obtain the 3-line eurrents and draw the complete phasor diagram showing the line
voltages, line currents and phase currents. The supply neutral is earthed.

(2nd semester 2009)

Let,

I, =1, =1, =Line currents.

S,

For

Vi

FTE

Ve = 4152120° volts.

Ver 41520
=R =3-4582 - 40°
T g F20LH0 .
[ =tm AL, o 100 A
" Za 155450
Vo 4152120
i BR = =4d4.]
M Zye  100£-30 =

= I, = I,,= Phase currents.
=V, =V .= Phase voltages = Lin¢ voltages.
=41520° volts.

=4152 —120° volts.
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Iy =14 —1 4y =3:4582 —40°-4.15£150°=6-234 — j4-295=7-57£ -34-5 A
Iy =1y =1,y =2-6772 —170°=3-4584 —40°=5.556£161-53° A

Iy =1, — 1,y =415£150°=2-677£ -170°=2-71£110-7° A

A 3-phasc balanced star-connected load is connected to a symmetrical 3- phaqc 440 volts
balanced supply. The current in each phase is 60 amperes and lags 45" behind the
corresponding phase voltage. Find the phase voltage and the total power.

(2nd semester 2009)

Solution : V', =440V, I, :.fln,. =604, & =45° (lag)

= 25404 volts.

Power = Ji ¥, 1, cos = ~/3(440)(60)cos 45=132-33 KW'

A balanced three phase star connected load of 250 KW takes a lagging current of 200 A with
a line voltage of 1000V, 50 Hz. Find the circuit constants (resistance and inductance) of the
load per phase. (2nd semester 2009)

Solution :

1, =1, =2004, V, =1000volts.
Power=~3V, I, cos®=250x 10" watt,
250x10° _ 250x10°
V3, 1, J3(1000)(200)
¥, 1000

=0-721

cosh =

V o =—ft=—"""=577-367 volis.
mods A

Vs 577-367

R . Y =
Eﬂua-— 50 =2.886 ohms.

R, Eﬂﬁcus¢=(2-ﬁﬂﬁ)(ﬂ- 721) =2-08 ohms,
X =?P,, sing = (2-886)(0-692) = 1.999 ohms

=0-366x 107" Henrys.

289
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T5.1 A voltage v=20 sin cos volts is applied across a pure resistance of 1.5 €. Find the power
dissipated in the resistor. [13.33W]

TS.2 A S0pF capacitor is connected to a 100V, 200 Hz supply. Determine the true power and the
apparent power. [0, 628.3VA]

T53 A motor takes a current of 10A when supplied from a 250V A.C. supply. Assuming a power
factor of 0.75 lagging find the power consumed. Find also the cost of running the motor for |

week continuously if | kWh of electricity costs Rs.3.50. [1875W, Rs.1102.05]
: Vxlx Ti ' .
[Hint: electrical Energy = il Sl (m .fmm)
1000
T5.4 A motor takes a current of 12A when supplied frm a 240V AC supply. Assuming a power
factor of (.70 lagging, find the power consumed. |2.016 kW]
T5.5 A substation is supplying 200 kVA and 150 kvar. Calculate the corresponding power and
power factor., [132ZkW, 0.66]
T5.6 A load takes 50kW at a power factor of 0.8 lagging. Caleulate the apparent power and the
reactive power. [62.5 kVA, 37.5 kvar]|
T5.7 A coil of resistance 400Q and inductance 0.20H is connected to a 75V, 400 Hz supply.
Calculate te power dissipated in the coil. [5.452W]

T5.8  An80Q resistor and a GuF capacitor arc connected in serics across a 150 V, 200 Hz supply.
Calculate () the circuit impedance (b) the current flowing and (¢) the power dissipated in the
circuit. [(a) 154.902 (b) 0.968A (c) 75W]

T5.9  The power taken by a series circuit containing resistance and inductance is 240W when
connected o a 200V, 50 Hz supply. If the current flowing is 2A find the values of the
resistance and inductance. [60£2, 255mH)

T5.10 A circuit consisting of a resistor in series with an inductance takes 210W at a power factor of
0.6 from a 50V, 100 Hz supply. Find (a) the current flowing, (b) the circuit phase angle, (c)
the resistance, (d) the impedance and (¢) the induetance.

[(a) 7A (b) 53.13" lagging (c) 4.2862 (d) 7.143Q2 (c) 9.095 mH]|

T5.11 A 200V, 60 Hz supply is applied to a capacitive circuit. The current flowing is 2A and the
power dissipated is 150W. Calculate the values of the resistance and capacitance,

[37.502, 28.61 pF|

T5.12 A 415 V alternator is supplying a load of 55kW at a power factor of 0.65 lagging, Calculate
(a) the kVA loading and (b) the current taken from the alternator. (¢) If the power factor is

now raised 1o unity find the new kVA loading. [(a) 84.6 KVA (b) 203.9A (c) 84.6 kVA]
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T5.13

T5.14

T5.15

T5.17

T5.18

T5.19

AC POWER

A single-phase motor takes 30A at g power factor of 0,65 lagging from a 240V, 50 Hz supply.
Determine (a) the current taken by the capacitor connected in parallel o correct the power
factor to unity. and (b) the value of the supply current after power factor correction.

[(a) 22.80A (b) 19.50 A]

A 2082 non-reactive resistor is connected in serics wilh a coil of inductance 80mH and
negligible resistance. The combined circuit is connected to 2 200V, 50 Hz supply. Calculate
(a) the reactance of the coil, (b) the impedance of the circuit, (¢) the current in the circuit, (d)
the power factor of the cireuit, () the pawer absorbed by the circuit, (1) the value of a power
factor correction capacitor to produce a power factor of unity, and (g) the value of a power
factor correction eapacitor to produce a power factor of 0.9. [(a) 25.132 (b) 32.12./51.49"0
(€) 6.224-51.49" A (d) 0.623 (c) T75.5W (f) 77.56uF (g) 47.67uF|

A motor has an output of 6kW, an ef: ficiency of 75% and a power factor of 0.64 lagging when
operated from a 250V, 60 Hz supply. It is required 1o raise the power factor to 0,925 lagging
by connecting a capacitor in parallel with the motor. Determine (a) the current taken by the
motor, (b) the supply current after power factor correction, (c) the current taken by the
capacitor, (d) the capacitance of the capacitor and (e) the kvar rating of the capacitor.

[(2) SOA (b) 34.59A (c) 25.28A (d) 268.20F (¢) 6.32 kvar]

A 200V, 50 Hz single-phase supply feeds the following loads : (i) fluorescent lamps taking a
current of 8A at a power factor of 0.9 leading, (ii) incandescent lamps taking a current of 6A
at unity power factor, (iii) a motor taking a current of 12A at a power fuctor of 0,65 lagging,
Determine the total current taken from the supply and the overall power factor. Find also the
value of a static capacitor connected in parallel with the loads to improye the overall power
factor to 0.98 lagging. [21.74A, 0.9606 lagging, 21.74uF)

Twoa single-phase 60 Hz sinusoidal source generators (with neghgible internal impedances)
are supplying to a common load of 10 kW at 0.8 power factor lagging. The impedance of the
feeder connecting the generator G 1o the load is 1.4+j1.6£2, whereas that of the feeder
connecting the generator G 1o the load is 0.8+]1.00, If the generator G, operating at a
terminal voltage of 462 V (rms), supplies SkW at 0.8 power factor lagging, determing : (a)
The voltage at the load terminal voltage of 462 V (rms), supplies 3 KW at 0.8 power factor
lagging, determine : (a) The voltage at the load terminals; (b) The terminal voltage of
generator G, and (c) The real power and the reactive power output of the generator (7,

[433.8 V (rms), 452.75 V (rms), 10.4 KW, 8 KVAR|

An impedance 15+J20Q is connected across a 125 V, 60 Hz, source. Find (a) the
instantaneous current through the load, (b) the instantancous power, and (c) the average
active and reactive powers, [(n) 7.07 sin (3?7!*53.[“);4. (b) 1250 sin 377t sin

(3770 = 53.1° ), (¢) 375 W, 500 VAR

A voltage source of 100 V has internal impedance 0.1+j0.1 ohms and supplics a load having
that same impedance. Calculate the power absorbed by the load. [125W]
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T5.20

T35.21

T5.22

T5.23

T5.24

T5.25

TS5.26

T3.27

T5.28

T5.29

T5.30

T5.31

292

Three loads, each of resistance 508 are connccted in star to a 400 V, 3-phase supply.
Determine (a) the phase voltage, (b) the phase current and (c) the line current.

[(a) 231V (b) 4.62 A (¢) 4.62 A]

IT the loads in question T5.20 are connected in delta to the same supply determine (a) the
phase voltage, (b) the phase current and () the line current. [(a) 400V (b) 8A (c) 13.86 A)

A star-connected load consists of three identical coils, cach of inductance 159.2mH and
reststance S0€L. If the supply frequency is 50 Hz and the line current is 3A determine (a) the
phase voltage and (b) the line vollage. [(a) 212 V (b) 367V]

Three identical capacitors are connected (a) in star, (b) in delta to a 400V, 50 Hz, 3-phase
supply. If the line current is 12 A determine in each case the capacitance of cach of the
capacitors, [(a) 165.4uF (b) 55.13uF]

Three coils each having resistance 6 and inductance H are connected (a) in star and (b) in
delta, to a 415V, 50 Hz, 3-phase supply. If the line current is 30 A, find for each connection
the value of L. [(a) 16.78mH (b) 73.84mH|

A 400 V, 3-phase, 4 wire, star-connected system supplies three resistive loads of 15 kW, 20
kW and 25 kW in the red, yellow and bluc phases respectively. Determine the current flowing
in each of the four conductors, [IR=64.95A, 1Y=86.60A, IB=108.25A, IN=37.50A]

A 3-phase, star connected altermator delivers a line current of 65A to a balanced

delta-connected load at a line voliage of 380V. Calculate (a) the phase voltage of the
alternator, (b) the alternator phase current and (c) the load phase current.

[(2)219.4V (b) 65A (c) 37.53A]

Three 24pF capacitors are connected in star across a 400V, 50 Hz, 3-phase supply. What
value of capacitance must be connected in delta in order to take the same line current 7 [SuF)

Determine the total power dissipated by three 20£2 resistors when connected (a) in star and
(b) in delia 10 a 440V, 3-phasc supply. [(2) 9.68KW (b) 29.04 kW]

A balanced delta-connected load has a line voltage of 400V, a line current of 8A and a

lagging power factor of 0.94. Draw a complete phasor diagram of the load. What is the total
power dissipated by the load ? [5.21 kW]

Three inductive loads, each of resistance 4€2 and reactance 982 are connected in delta. When
connected to a 3-phase supply the loads consume 1.2kW. Caleulate (a) the power factor of the
load, (b) the phase current, (c) the line current and (d) the supply voltage.

[(2) 0.406 (b) 10A (¢) 17.32A (d) 98.53V]

The input voltage, current and power to a motor is measured as 415V, 16.4A and 6kW
respectively. Determine the power factor of the system. [0.509]
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T5.32

T5.33

T5.34

T335

T5.36

T5.37

AC POWER

A 3-phase, star-connected alternator supplies a delta connected load. each phase of which has
aresistance of 150 and inductive reactance 20€. If the line voltage is 400V, calculate (a) the
current supplied by the alternator and (b) the output power and kVA rating of the alternator,

neglecting any losses in the line between the aliernator and the load.
[(a) 27.71A (b) 11.52KW, 19.20kVA|

Each phase of a delta-connected load comprises a resistance of 40£2 and a 40uF capacitor in
series. Determine, when connected to a 415V, 50 Hz, 3-phase supply (a) the phase current, (b)
the line current, (¢) the total power dissipated, and (d) the kVA rating of the load.

[(2)4.66A (b) 8.0TA (c) 2.605kW (d) 5.80kVA]

A 440V, 3-phase a.c. motor has a power output of 1 1.25kW and operates at a power factor of
0.8 lagging and with an efficiency of 84%. I the motor is delta connected determine (a) the
power input, (b) the line current and (c) the phase current,

[(a) 13.39KW (b) 21.97A (c) 12.68A]

A 3-phase network 1s shown in Fig. T5.1 with phase voltage Van = 120£0V. Determine (a) la
(b) Van (c) the total power loss in the line resistances, and (d) total Enwcr input to the network
[(a) 22—-53:1° A3 (b) 124.96.2-2.9" V: (c) 48 W; (d) 480 W)

The star-connected load having impedance of (12-)16)€2 per phase is connected in parallel
with the delta-connected load having impedance of (27+18) £ per phase (Fig. 19.2a), with
both the loads being balanced, and fed rom a three-phase, 230 V, balanced supply. with the
phase sequence as R-Y-B. Find the line current, power factor, total power & reactive VA, and
also total volt-amperes (VA). [14.276A: 0.9945 lag; 5.688 KVA; 5.657 KW, 0.5925KVAR|

The star-connected load consists of a resistance of [ 502, inseries with a coil having resistance
of 50 and inductance of 0.2H, per phase. It is connected in parallel with the delia-connected
load having capacitance of 90/ per phase as shown in Fig,T5.2. Both the loads being
balanced, and fed from a three phase, 400V, 50 Hz, balanced supply, with the phase scquence
as R-Y-B. Find the line current, power factor, total power & reactive VA, and also total
volt-amperes (VA). [L.575A,0.675lag, 7T37W, 805VAR|
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Rotating Electric Machine

Chapter - 8

8.1 Introduction

The most widely used electro-mechanical device is a rotating machine, which utilises magnetic field
to store energy. The main purpose of most rotating machine is a convert electro-mechanical energy
i.c. to covert energy between clectrical and mechanical system, cither for electric power generation
(as in generators) or for the production of mechanical power to perform useful tasks (as in motors).
Rotating machines range in size and capacity from small motors that consume only a fraction of watt
to large generators that produces several hundred megawaltls. In spite of wide vartiety of types, sizes
and methods of constructions, all such machines operate on the same principle namely, the tendency
of two magnets to align themselves.

Out of all machines available induction, synchronous and DC machines are most used. Three modes
of operation of a rotating machine are studies. They are motoring, generating and braking.

The Motoring mode has electrical power input and mechanical power output. The generating mode
has mechanical power input and electrical power output. The braking mode has both mechanical and
electrical input while all these inputs are dissipated as heat.

8.1.1 Classification of Electrical Machines

Electrical machines (both motors and generators) operates with three broad principles namely (i)
principle of induction (ii) synchronous principle (iii) conventional principle (DC machines). Hence
the classification can be made in the following ways.

1) Based on type of supply.
(a) DC machines

(b} AC machines
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ROTATING ELECTRIC MACHINE

8.1.2 Performance characteristics of Electrical Machines

Electrical machines are energy conversion deviees. It is essential to calculate the energy conversion
efficiency. Whether it is a motor or generator, these machines arc associated with various energy
losses. During the flow of energy from input to output these losses takes place in between. These
losses arc broadly classificd as,

(i) Mechanical loss
(i1) Iron loss
(iii) Cupper loss

Mechanical Loss : These losses are also known as rofarional losses. Which is due to friction at
bearings commutators, slip rings ete. Windage loss is also part of rotational loss caused due to air
friction,

Iron Loss : This is also known as core loss orstray loss. It consists ol hysteresis loss and eddy current
loss. For any machine these losses are assumed to be constant as it depends on the supply voltage.

Cupper Loss : This is also known as I’R loss which is caused due to resistance of various windings
including contact resistance between brushes and commutators. This is usually a variable loss except
in some cases such as shunt field cu loss in which the current in constant.

To have an idea of the Power flow sequence in clectrical maching fig 8.2, (a) and fig 8.2 (b) may be
referred.

Output af the Prime Mover £ V. Vi
' 'S I L AL
Mechanical Eleetro Armature Electineal
Input Magnetic | ———— Terminal e Culput
Power Tron Loss Power Armature Power Field Cu Power
* Cu Loss Loss
Mechanical + (310 1595)
Lioss Brush Contact
(3o 15%) Loss
(3 10 6%)
(a) Generator Power [low
Vil Vil E.l Shaft Output of Motor
Electrical Armature Elcetro Mechanical
Input T Termingl  |———— Magnelic ——e Output
Power Field Puwer Armature Power Irom Loss Power
Cu Loss Cu Loss r
i Mechanical
Brush Contact eeaRnica
Loss Loss
(1 1o 5%) (3 10 6%) {310 15%)
b) Motor Power Flow
Fig 8.2
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The performance of electric machine can be quantificd in a number of ways. In case of motors other
than efficiency the following characteristics are portrayed.

(1) Torque - Speed characteristics (for all motors)
(i1) Torque - Slip characteristics. (for induction motor only)
(i) Torque - Current characteristics.

The torque - speed characterisites of a motor describe how the torque supplicd by the machine varies
as a function of speed of rotation of the motor for steady speed. In most engincering application, it is

quite likely that the engineer required to make a decision regarding the performance characteristics of
the motor best suited to a specified task.

Similarly torque current characteristics decides the torque of a motor at starting and during steady
state operation.

Similarly for a generator the various performance characteristics other than efficiency are,
(1) voltage - current characteristics.
(i1) magnetisation characteristics.

The magnetisation characteristics speaks about the range of voltage in which the generator can

operate without saturating the field. The voltage - current characteristics speaks about internal drop in
voltage with increase in load current.

8.1.2.1 Voltage regulation

From the voltage current characteristics of any generator, it may be observed that the terminal voltage
varies with increase in load current. In case of AC generator the voltage may increase or decrease
depending on type of load (lagging or leading) with respect to increase in load current.

Fig 8.3 shows the terminal characteristics of a AC generator.

- ]
' 0

. For
' Leading
Load
Source —= I o B S eyt R L
impedance “u" -
-— Lagging
Load
Induced —=
cemf (E)
£
o
I —
(@) ; (b)
Fig. 8.3
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ROTATING ELECTRIC MACHINE

However incase of de generator the terminal voltage falls with increase in load current. The term

voltage regulation is defined as change in terminal voltage from no load (V) to full load (V)
represented in percentage of full load voltage.

% . ¥ ol .
Mathematically percentage regulation = _'V—x 100
i

8.1.2.2 Speed regulation

In case of a motor the load (torque) speed characteristics says that speed varies with variation in Load
torque, except in case of a synchronous motor in which the speed remains constant irrespective of load
torque. These variation in speed depends on the types of motor. Typical speed torque characteristics
for various machines as shown in fig 8.4.

DifTerential

p——— Compound DC Motor

L ————————— S

Speed o DC Shunt Motor

-.__-__—__'_"_“—-———— Cumulative

Compound DC Moter

e=os=—=F 4  ooflieiiis

——  Torgue

Fig 8.4

The term speed regulation of a motor can be defined as change in speed from no load (speed ., ) to full
load (speed ,, ) expressed in percentage of full load spacd.

speed , — speed ,

Mathematically speed regulation = el x 100

8.2 DC Machines

In previous chapter it is indicated that most eleetrical machines operate on the basis of interaction
between current carrying conductors and electro-magnetic fields. In particular generator action is
based on Faraday Laws of electro-magnetic induction which implies that a voltage is induced in a
conductor moving in a region having fMux lines right angle to the conductor. In other words it a

straight conductor of length 1 metre moves al velocity V m.sec 'through a uniform magnetic field of

flux density, 8wb. m™ the conductor it self always at right angle to Bwb. m’” then effective inducing

voltage is the conductor in given by, e= BV volts.
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Similarly a moter which operates on the principle that whenever a current carrying conductor is
placed in an uniform magnetic field then a force is developed on the conductor. In other words if a
straight conductor of £ meter carrying | ampers placed in a uniform magnetic field of B wb. mr, a force

F will act on the conductor whose magnitude will be given by F=BIf Newtons.

This is valid only if the dircetion of current is at right angles to the ficld. The dircetion of the foree can
be obtained from Flemings left hand rule.

In totality it can be seen that in an uniform magnetic field if a conductor is supplicd with a current, a
force is being exerted on it. Similarly if the same conductor is displaced by an external force in the
same ficld, causes a current to flow in it. In the first case it is a motor while in the later case it is a
generator. Hence constructionally there is no difference between a de generator and de motor. In
general they are termed as de machines. A de machine can work as generator or motor depending

upon the input it receives. The term de (direct current) referred to the type of electricity supplied to or
generated by it.

8.2.1 Construction of DC Machine

Fig 8.5 (a) shows some important parts of de machine. The field poles are mounted on the stator which
produce the needed flux. The ficld poles carry windings called ficld windings or field coils. Some
machines carry several sets of field windings on the same pole core. The cores of the poles are built of
sheet steel lamination, (because the field windings carry direct current, it is not electrically necessary
to have the cores laminated). It is, however, necessary for the pole faces to be laminated. because of
their proximity to the armature windings. The armature core which carries the armature windings is
generally on the rotor and is made of sheet-steel laminations. The commutator is made of hard-drawn
copper segments insulated from enc another by mica. As shown in fig 8.5 (b)and (¢)the armature windings
are connected to the commutator segments over which the carbon brushes slide and serve as leads for
electrical connection. The armature windings is the load carrying winding.

End
conneetio
Slot-cmbeded
f7 conductors
Armature GNP Armature core
winding Leading pole 1i
L o Brusli =T B Commutator
i y segments,
Field coil

mutuzlily insulated
(b Lap winding

Trailing pole tip

Field yoke
) ‘ig. 8.5 () Wave winding
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8.2.2 Armature windings

The armature winding may be a lap winding or a wave winding arc shown in fig 8.5 (b) & (c). The
various coils forming the armature winding may be connected in a series - parallel combination. Jr is
Sfound that in a simplex lap winding the number of paths in parallel (A) is equal to the number of
poles (P) where as in a simplex wave winding the number of parallel paths (A) is always 2.

8.2.3 Classification of DC Machines

A DC machine consist of two electric circuits, namely (i) armature circuit (ii) field cireuit. Armature
circuit is responsible for receiving or supplying electric power through commutator and brushes. The
field circuit or the windings wound around the field poles for generating regulated flux in the

machine.
In case of a generator or motor field winding is supplied with external de supply where as armature

circuit generates clectricity in case of a generator while it receives electric power in case of a motor,
Depending on the field connection with the armature circuit they are broadly classified as (i) shunt (i)

series (iii) compound.

In a shunt machine, ficld is connected in parallel with the armature while in a series machine field is
connected in series with the armature. In some machines there are two field windings wound on the
same pole. one winding is connected in series and the other is conneeted in parallel with the armature.
Those machines are known as compound machines. The fig 8.6. shows the detailed classification of

dec machine.

In case of a motor if the series field flux is in phase with the shunt field flux then it is known as
cumulative compound while if series flux opposes the shunt flux then it is known differential
compound.

8.3  Emf Equation

To evaluate the induced emf in a de machine (generator), let us consider the machine with the
following specification.

= flux produced per pole in wb.
= no of armature conductors.
no of revolutions armature rotates in rpm

= no of poles
= noof parallel paths of the armature circuit (A =2 for wave wound and A=P

- - A RN
It

for lap wound)

In one complete revolution, one armature conductor passes through P no of poles, Therefore flux cut
by the conductor in one revolution = ¢P wb

Time taken for completing N revolutions = 60 sec
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ROTATING ELECTRIC MACHINE

Therefore time taken for one revolution = 60/N seconds

According to Faradays laws of electro-magnetic induction average induced emf in the conductor is
given by,

d (o s ’
e= —? (considering magnitude only)

Therefore in the above example emf induced per conductor is

= o= ¢P
“= 60/
/N
PN
=e= ¢ volts.

There are £ no of conductors in the armature which are arranged in A no of parallel paths i.e. there will
be Z/A no. of conductors in each parallel path which are connected in series as shown in fig 8.7,
Induced emf in the generator = emf per parallel path,

= emf induced per conductor X no.of conductors in each path.

Mathematically £, = ex%

PN Z
=£, = k245 X—
60 A
ZINP
a=bly . = o volts.
1 s CLiBll ZIA
i ) ) Is-l-];:_uiu- .
E 2nd Path h
. ; : e ————— —
Ath Path
- - [z e l

Fig. 8.7.
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8.3.1 Generator Voltage and Power Equation
Like any other source, terminal voltage ol a gencrator falls with increase in load current.

This is due to presence of resistance of armature circuit (R). If E_is the generator emf, V is the

terminal voltage when supplying a current of I amperes, the equivalent curcuit can be drawn as shown
in fig. 8.8.

R,
A - o+
I
Es %: Vv
O —
Fig 8.8
Applying KVL to the above curcuil,
E -IR, -V=0
= B S IR vessmsssions . comivens (1)

. Multiplying equation (1) by I in both sides,
B L= VPR sl
Equation (2) represents general power equation of the generator
Where E I = Electrical power generated in the armature.
V1 = terminal output power.
IR, = cu loss in the armature,
Therefore terminal output power, P=E1 - FR_ oo (3)

To get the condition for maximum power output, equation (3) is differentiated with respect to [ and
equated to zero.

Mathematically, ap ={)

i
=E, -2IR, =0
o )

Downloaded from www.LectureNotes.in. Contributed by Dr. RAMAPRASAD PANDA



https://lecturenotes.in

ROTATING ELECTRIC MACHINE
From equation (1) IR, = I:'..: . SR (5)
Substituting the value of IR, from equation (5) in cquation (4).
E =2E, -V)=2E, -

= E =2V

===
2

Thus the output power in the generator will be maximum when the terminal voltage will half of the emf
gencrated.

8.4  Voltage and Power equation of dc Motor

Even though a motor converts electrical energy to mechanical energy in the form of rotation, it
satisfies all requirements of a generator i.e. the armature conductors are rotating in an uniform
magnetic field. This causes an induced emf in the armature and named as back emf (E,) or counter

emf. This is because this cmf opposes the supply voltage. The magnitude is givenby E, = QM}A volts.

The cquivalent circuit of a de motor is shown in fig. 8.9.

A

Apply KVL to above circuit, o+
V—E,—IR, =0 éRa

o i A — (1)

Multiplying equation (1) by current I on both sides,

— Eh
V1= E L+ %R cvuisiimmanisinnisiz (2)

Equation (2) represents power equation of a dc motor. Fig, 8.9
Where VI = electrical power input.
E,1 = electro-magnetic power output or armature outpul.
’R, = C_ loss in the armature.
Thus output of the armature is given by
El=VI-I'R,
P, =V =1R, oo (3) ) {-P =E,1}

To get the condition for maximum power output equation (3) is differentiated with respect to [ and
equalted to zero
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. dar
Mathematically, d'; =0
=V -2IR, =0
il ! . (4)
Fromequation (1) IR, =V —E, .cviiiriniinniinns (5)

Substituting the value of IR, from equation (5) in equation (4)
V=2IR, =2(V -E,)
=V =2V -2E,
=Lk, = E
2
Thus the out power in the motor will be maximum when the back emfwill half of the applied voltae.

8.4.1 Torque developed in a dc motor

Before deriving the relation between the motor =
torque and clectrical input, let us establish a

relation between output power and rotational r

torque.

Consider a pully shown in fig. 8.10, applied by a 0
tangential force of F newton. This causes the
pully to rotate at n rps. n s

Fig. 8.10
Torque developed by the pulley = F x r Nm

work done for completing one revolution = 2nrF Joule.
Time taken for one revolution = 1/n second

Therefore power developed by the pulley,
work done |

P=————— in one revolution.
time taken

v 2R
e
/n

= P =2nnT walts Job e

= watts.
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If N = revolution per minute then

P= T Gt o n
60

The armature power P = E [ watts

substituting P, for P in equation (1) motor torque T, is given by,

GoP
.= Nm
2nN
GOE, T
=T, =——Nm
2nN
6 fﬂﬂp)f GZNP
=T =t A e
e 2nN G b 604
=T =L@ o (2)
2n 4

ROTATING ELECTRIC MACHINE

Equation (2) indicates that the torque developed is directly proportional to the product of flux and

current.

8.4.2 Speed of DC motor
The back emf (E,) is given by

_QZNP
b 60A
6OE, A
= N= £
OZP

E
No F" {where A, £ and P are constant)

(1) For shunt motor ¢ is constant.
~NekE,
N, _ E,.
N, Ey
(ii) For series motor ¢ [

We know Nﬁ%"-
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Ny _Ey 8
Nl E-I"I q]z
hrl EP:I" | .
—==—%xX— {field is turated
N E {field 1s unsaturated }

Bl X

When the field is saturated & is constant, then
N. E

“ b2
N

1 'EM

Example 8.1 : A separately excited de generator is characterized by the magnetisation curve is shown
in fig. 8.11

(1) 1f the prime mover driving the generator at 800 rpm, what is the no load terminal voltage 7

(i) If a 1 ohm load is connected to the generator what is the terminal voltage? Generator data
given as 100 volt, 100 A, 1000 rpm, R, = 0.14€Q, field voltage = 100 V, field resistance = 100 £

A
E (V)

120 - " 2

i - #

o, -
L I

T

80 |-

e
=
I

(]
]
(]
(]
L
]
L]
i
i
i
[l
]
(]
(]
L]
(]
(]
i
i
i
i
[

] 1 | -
0 02 04 06 08 10 L2 L4 [L(A)
Fig. 8.11

Solution :

Fig. 8.12
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Given that V = 100 volts

I =100 ampers
Ny = 1000 rpm
R, =0.1402

Vg, = 100 volts

N, =800 rpm.
I'.J'

a1 =_ﬂ=.|_ﬂ_ﬂ=|,q
R, 100

From the magnetisation curve, generated emf for the field current of 1A = 100 volts = Eg[. The
magnetisation curve is drawn for N = 1000 rpm

From the basic emf equation £_a 6N
=E ol N ool ,

Since generator is separately excited I, is constant.

.*.ER{:N
= ‘1=£=-
el N]
(N
=E,=E, —’]
's.Nl
800
=E =100 — [=80volts.
2 J:ﬁ:ﬂn) vols

Since generator terminal is open circuited, i.e. I =0 (shown in fig. 8.12)
Therefore terminal voltage V, = Ega - IR, = 80 - 0 = 80 volts,
(1i) Given R, =10 R,
i
R, =014Q i

E,=I(R,+R,)

= E,= 80 Volt V. Zgp

E R0 J
= . =701 '
R,+R, 014+] e

=/

Fig. 8.13 _
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BASIC ELECTRICAL ENGINEERING
From Fig. 8.13, terminal voltage, V = IR, =70.175 x 1 =70.175 volts.

Example 8. 2 : Calculate the force exerted by each conductor, 6 inch long on the armature of a DC
motor when it carries a current of 90 A and lics in a field the density of which is 5.2 x 104 wh per
square inch.

Solution :
Given that, length £ = 6 inch = 15.24 x 10-2m
current [ =90 A

Flux density B=5.2 x 10-4 —-ﬂf—; =0.806 p

. 2 2
inch) m

~. Force exerted on the conductor,
F=BIf=0.806x90x1524%x 10-2=11.055N

Example 8.3 : In a DC machine the air gap flux density is 4 wh.m’.

The area of the pole face is 2em x 4em.

Find the flux per pole in the Machine.

Solution :

Given that air gap flux densily B = 4% = S m __fg; em
il

Area of pole face A =8x107" m’
. Flux per pole (¢) = BA = 32 x 104 @b = 0.32 mwb

Example 8.4 : A 220 v shunt motor has an armature resistance of 0.32 and a field resistance of 110
ohms. At no load the armature current is 6A and the speed is 1800 rpm. Assume that the Aux does not
vary with load and calculate

(i) the speed of the motor when the line current is 62A (assume a 2 volt brush drop)
(i1) the speed regulation of the motor.
Solution ;

Given that supply voltage V = 220 volts.

Armature resislance R, =032 Q

Ficld resistance R, =1108
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No load current Ig = 6A
Mo load speed Ny = 1800 rpm
Brush drop = 2 vaolts

Load current =1=62 A

The brush drop (BD) is the voltage drop in the armature « « o +
circuit due to comtact resistance between brush and ; I,
B

commutator along with resistance of the brushes made up

of carbon. The equivalent circuit of the motor is shown in v
fig. 8.15
Under no load, applying KVL to the armature circuit we get, Bl
V—BD =1, R, = Eg=0.ooeoresirsssiee (1) . W
sh
l.l"' 22{] - - o +
But I, =—=—=24
* Re 110 " L
» BD
ApplyingKCL, [ =1, -1, 6=6-2=44 = v
From equation (1) E_=V-BD-1_R,
E
= 220-2-4x032 — ° -
Fig. 8.15
= 216.72 volts
ado=T-1,
Similarly under load E,=V-BD-IR, =62-2
=604

=220-2-60x0-32

= 198.8 volt
(i) We have speed at no load £ E,, “ Flux is consta nt
speed atload  E, inboth cases
= Nﬂ' _— Ei.u
N E,
E 1988
SN=—LN, = x1800=
E, '° 2167 0=1651rpm
(i) Speed regulation =L;£xlﬂﬂ=ﬁ%iﬁ—]xlﬂﬂ=9-ﬂ]%
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Example8.5: A 120V, 10 A shunt generator has an armature resistance of 0.6. The shunt field current
is 2A. Determine the voltage regulation of the gencrator.

Salution :
Given that supply voltage V = 120 volts.
Full load current [ = 10 A

Armature resistance Ry = 0.6 Q

Shunt field current Iy, = 2A ~ > o 4+

Therefore R, =—II’L-: 6002
ik

I,
R g v
Armature current I;=1+1g,=10+2=12A °

Applying KVL to the armature circuit shown
in fig 8.16, we get,

V+I,R, —E,=0 Fig. 8.16

=E, =V+I R, =120+12x06=1272volt

Underno load [=0

E
S0 fﬂ: !k:_..ﬁ__..
R,+R,
1272
- — =2]:‘1
60+ 06

Ey is being the generated emf remains constant irrespective of loading conditions.
Therefore no load terminal vollage
V=B, =1 R
=1272-21x06

= 125.94 volt,

I

.. Percentage regulation = : "V 100

_125-94-120

%100 =4.916°
T 100 = 4.916%
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Example 8.6 : A 50 hp, 550 volt shunt motor has an armature resistance including brushes of 0.36
ohm. When operating at rated load and speed, the armature takes 75 amp. What resistance should be
inserted in the armature circuit to obtain a 20 percent speed reduction when the motor is developing 70

percent of rated torque ? Assume that there is no flux change.

Solution :

Let

Output of the motor (P) = 50 x 746 = 37300 watts,

Supply Voltage (V) = 550 volts.

Armature resistance (R,) = 0.36Q

R, includes resistance due to brush and contact.

Armature current under load, I; = 75A

Torque under reduced load =T7 = 0.7 T

where T is the rated torque.

Field flux assumed to be constant.

Required speed under reduced load = Ny = 0.8 N, where N, is the speed at rated load.

Ep | = back emf at rated load.
E},2 = back emf at reduced load.
R, = armature circuit resistance at rated load = Ra = 0.360

R47 = armature circuit resistance at reduced load = Ra+ R

Where R = external resistance inserted in the armature circuit.

Case (i) With full load :

Epy =V - g Ry1 =550 - 75 x 0.36 = 523 volt

Case (1) With reduced load :

| ,:I“){—I
T
AsT ool ; dbeing constant
=75x07=525A Tal,
I TI s 'rul
li?‘L f’ﬂ.
SEy, =V =1 R, , =550~52:5(R,;) crvnmecrinsivsccsiun (1)
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E N
But we have Mo _ 2
3 f
hm 'II\ 1
. 2 N
=3 I:'!r'_" = 'EM x ._.2_

!
=523 x0.8=418.4 volts.
Substituting Ep,5 in equation (1)

_550-E,, 550-4184
a2 52.5 525

=2-5070Q

<. Extemnal resislance required in the ammature circuit = R =R,9 - Ryy = 2.507 - 0.36 = 2.1470Q

Example 8.7 : A 20 kw, 230 v separately excited generator has an armature resistance of 0.20Q and a
load current of 100 A.

Find (a) the generated voltage when the terminal voltage is 230 V.,
(b) the output power.
Solution ;
Electrical output = 20 kw = 20 x 103 watt
Full load terminal voltage V = 230 volis.
Armature resistance R, =0-20
load current [ = 100 A
Since generator is separately excited 1, = 1= 100 A
< Generated emf E; =V + I;R, =230 + 100x 0.2 = 250 vol1.
The output power P = VI =230 x 100 = 23 x 103 watt.

Example 8.8 : Calculate the voltage induced in the armature winding of a 4 pole lap-wound, DC
machine having 728 active conductors and running at 1800 rpm. The flux per pole is 30 mwb.

Solution :
Given that No of poles P = 4
No. of parallel path in armature circuit A =4
No. of armature conductors Z = 728

Flux per pole ¢=30x 10-3 whb
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Speed of armature N = 1800 rpm

3 =3
Generated emf E{- " ¢'sz - 30107 x 728x 1800x 4
60 A 60> 4

=0655-2 volts.

Example 8.9 : A 4-pole, lap-wound armature has 144 slots with two coil sides per slot, cach coil
having two tumns. If the flux per pole is 20mwb and the armature rotates at 720 rpm. What is the
induced voltage ?

Solution
Given that no. of Poles P =4
No of parallel path A = 4
No of armature slots = 144

—— Conductor
No of coil sides per slot =2 Coil Side

No of turns per coil =2 Slat

DC windings are always double layer type, i.e. each slot
consists two layers containing one coil side per layer.
The coil may be single turn or multi turn type. In this
example it i5 a two twrn coil i.e. there will be two [
conductors per coil side. Therefore no, of conductors 1
per slot = no of layers x no. of coil side per layerx no. of \

conductors percoil side=2x1x2=4

<. Total no of armature conductors Z =4 x 144 = 576 ’
Flux per poled =20 x 10-3 wb =
Speed of armature N = 720 rpm, Fig. 8.17

_$ZNP  20x 1077 %576 720 4
604 60x 4

Generated emf E ” = 138.24 volt.

Example 8.10 : A 100 kw, 230 volt, shunt generator has R,=0.05 ohm and R,=57.7 ohm. If the
generator operates at rated voltage, calculate the induced voltage at (a) full-load (b) half full-load,
Neglect brush contact drop.

Solution :
Given that electrical power output =P = 100 x 103 watt
Terminal voltage v =230 volt
Armature resistance R,=0.050Q

Shunt field resistance Ry, = 57.7Q
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v 230
- ] =—=——=3986A
@ *=R, 571
P 100x10’
Load current / = - = = 434,78 A
ad Curmen v 230

sCArmature current Ia =14 lsh =434.78 + 3986 =438.77T A
Generated emf Eg =V + LR, =230+ 438.77 x 0.05 = 251.94 volt.

P/ 3
0
(b) At hatfluad,f=f?2=ui—z;{;—=il'?.39h
o

2= + I =21739+3.986=221.38 A
Generated emf, E',g =V +,R,=230+221.38 x 0.05 = 241 volts.

Example 8.11 : A 50 kw, 250 volt, short - shunt, compound generator has the following data : R, =
0.06 ohm, Rge = (.04 ohm, R, =125 ohm, Calculate the induced armature voltage at rated load and
terminal voltage. Take 2 volt as the total brush - contact drop.

Solution :

Output of Generator = 50 x 103 watt.
Load voltage, V = 250 volts.
Armature resistance R, = 0.06£
Shunt field resistance Rgp, = 125 Q
Series field resistance Rg, = 0.040Q
Brush drop = BD = 2 volis.

Connected in short shunt.

k1
Load Current [ = Ll

=200 A

Therefore terminal voltage,

V, =V + IR, =250 + 200 x 0.04 = 258 volts.

v
L1 et s O SLA
R, 125

Armature current 1 =1+ 1, =200 + 2.064 = 202.064 A
Generatedemf £ =V, +B.D+I R,

=258+ 2+ 202.064 x0.06
=272.12 volts.
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Example 8.12 : A 100 kw, 230 volt shunt gencrator has R, = 0,05 ohmand R A =57.5 ohm. It has got
total mechanical and core loss of 1.8 kw. Calculate (i) the generator cfficiency at full load (ii) the
horse power output from the prime mover to drive the generator at this load.

Solution
Given that electrical output = 100 kw

Load voltage V = 230 volts.

R, =0.05Q
R, =57.5Q
YLD,
R, 5715
w 1
=£=M—= 434?3 A
¥ 230

Armature Current L=1+1,=434.78 +4 =438.7TA
Generated emf Eg E, =V+I R, =230+438.7x0.05=251.935 volt.
Electrical power developed in the armature £ J, = 251.935x438.7 = 110523.88 watt

Power Electrical
OJ'IP of the ‘l{]t\"ﬂ'l’ﬂpﬂj it ﬂ"P
: n armature 2
Prime mover Mechaniical : (EslL) Cu loss Power (V1)
and
Care loss
Fig, 8.18

Therefore input to generator = Output of the Prime mover
= Armature output + core and mechanical loss
= 110523.88 + 1800
= 112323.88 walt

= 11232 kw
; Electri 100%10’
@)  %Eficiency=—comcaloutpul o0 1OXT . 100=89%
Mechanical input 112-32x%10
e 112-32x10°
(ii) H.P output of the Prime mover = —:%——- 150.56 hp
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Example 8.13 : A 20 hp, 250 volt, shunt motor has an armature circuit of 0.22 ohms and a ficld
resistance of 170 ohms. At no-load and rated voltage, the speed is 1200 rpm and the armature current
is 3A. At full-load and rated voltage, the line current is 55A, and the flux is reduced 6% (due to the
effects of armature reaction) from its value at no-load, What is the full-load speed?

Given that full load output = 20 x 746 = 14920 watt.
Load voltage V = 250 volts.
R,=022Q,Rp=170Q

No load speed, N, = 1200 rpm

No load armature current [ | = 3A

Full load line current 1 =55 A

Field flux at full load, ¢ = 0.949,

Where ¢, is the ficld flux at no load.

At no load, Ey,=V-LE

=250-3x022
= 249 34 volts,
vV 250
At full load, I =1-1 =/ - —=55-""=53 53
" - R, 170 &
~SE =V-1LR =250-53.53%0.22 = 238.22 volis.
We have 1 -_—E'-xgi
Nn Eba ¢
Nao E,
E =
=SN=N x—tx .23 ¢
el
= N =1200% 2022, L
249.34 094

= N=1219.66 rpm

Example 8.14 : A 10 hp, 230 volt, shunt motor takes a full-load line current of 40A. The arm

field resistances are 0.25 ohm and 230 ohm respectively. The total brush contact drop
core and friction losses are 380 watt. Caleul

loss is 1% of output,

ature and

is 2 volt and the
ate the cfficiency of the motor, Assume that stray-load
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Solution :
Mechanical output = 10x 746 = 7460 watt
Supply voltage, V = 230 volts.
Full load line Current [ = 40 A
R, =0.25Q, R = 2300, B.D. = 2 volts,
Core and frictional loss = 380 walt

Stray load loss = 0.01 x 7460 = 74.6 watt.

Stray load losses are defined as losses that arise from the non uniform
distribution of current in copper. They also encompass additional core
losses that are produce in iron by the distortion of magnetic flux by a load

current. It is expressed as a percentage of output power.

§ ot Al

o~ R 230
A =1-1,=40-1=39A
E,=V-IR -B.D,=230-39 x025-2=218.25 vols.

Electro - mechanical power developed in armature = Epl,= 218.25 x 39 = 8511.75 wat.

Elecirical Power in
Power Armature i Shr" i

input (V1) Cu loss (Ebla) Core loss ¥P

i

Mechanical
loss
+
Fig. 8.19 Stray loss

Therefore shaft output = Armature output - mechanical and core loss - stray loss

=8511.75- 380 - 74.6

= B057.15 watl.

hanical out 057.
. Y — Mechanical output_ 805715 _ 0.876 = §7.6%

Electrical input 230> 40
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Example 8.15 : A 10kw, 250 volt, shunt generator, having an armature resistance of 0.1 ohm and a
ficld resistance of 250 ohm, delivers full-load at rated voltage and 800 rpm. The machine is now run as
amotor while taking 10 kw at 250 volt. What is the speed of the motor ? Neglect brush contact drop,

Solution :
Given that, terminal voltage V = 250 volts,
R,=0-12 R,k =250Q

As a generator
Electrical Power output = 10,000 watts.

Speed, N_ = 800 rpm

=—=—=]A
* R, 250
jal 2008
¥ 250

I,=1+1,=40+1=414
S~E =V+IR,=250+4] x 0.1 =254.1 volt

¥

As a motor ;

Electrical input = 10,000 watts.

F 10,000 _

Line current f = — = 40 A
V.o 250
V250
l,=—=—=1A
* R, 250

=1-1,=40-1=39A
AE,=V-1R, =250-39x 0.1 =246.1 volts.

Speed as Motor (N' =] E

We have, =
Speed as generator ( N, )

L%
EF ¢‘m

¢, =0 _= flux per pole in both cases, as shunt field current is same.

N, =Zbxy, = 2861
E,~ % 254-]

X800 = 7748 rpm

412,

e e e
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8.5 AC Machines

The commercial power generation is in the form of alternating current voltage. However in the carly
days most of rotating machines used were operating on de voltages. But invention ac machines almost
replaced the de machines in all industrial and domestic applications. A few dc machines like de series
motor are still being used in industrial application for their unique inherent characteristics (high

starting torque). AC machines have large advantages over the de machines. They are,

(i) Since basic generation of electricity is in the form of ac voltage, no converting device (like
commutator) is necessary.

(i) Suitable for large ratings (up to more than 500 MW)
(iii) Cost of an ac machine for same power and voltage rating is less than that of a de machine,

(iv) Since transformers are used in ac only, ac generation is must for commercial power system
operation,

The AC machines are broadly classified as (i) Synchronous machines., i1} Asynchronous machines.
8.5.1 Synchronous Machines

Synchronous machines are so called because they operated constant speed and constant frequencies
under steady state. Like most rotating machines can function either as a motor or as a generator. As a
generator it is also named as alternator. Schematic end view of a salient pole type synchronous
machine is shown in fig. 8.20.

The operation of a synchronous generator in based on Faradays Laws of electro-magnetic induction.
It works very much like a dc generator, in which generation of emfis by relative motion of conductors
and magnetic flux. However a synchronous generator does not have a commutator as does the de
generator.

8.5.1.1. Construction

The two basic parts of a synchronous machine are field, structure carrying a de excited winding and
armature which often has a three phase winding in which the ac emf is generated. Almost all modemn
synchronotis machines have stationary armatures and rotating field structures. The de winding on the
rotating field structure is connected to an external source through slip rings and brushes or else
receives brushless excitation from rotating bodies. Fig. shows shematic end view ofa salient pole type
synchronous machine. In some respects, the stator carrying the armature windings is similar to the
stator of a polyphase induction motor. In addition to the armature and field windings, a synchronous
machine has damper bars on the rotor; these come into play during transients and start up.
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Field flux

—t——— Slalor
winding

3-Phase
Winding

{a) Field winding on a round rotor

Field [Tux
Rotor X4

Schematic end view
of a salient pole type
Synchronous machine

Fig: 8.20

(b) Field winding on a salient rotor

Fig. 8.21
Depending upon the rotor construction, a synchronous machine may be of the round rotor type as
shown in fig 8.21(a) or the salient type as shown in fig.8.21(b). The former type in used in high speed
machines such as turbinc gencrators, where as the later type is suitable for low speed, water wheel
generators,

8.5.1.2. Synchronous generator
One of the most common a.c. machine is synchronous generator or altermator. All commercial

alternators employes rotating type field and static armature containing 3-phase winding. This is
because of the following advantages.

(i) rotating field is comparatively light and can run with high speed.
(i1) high voltage can be generated due to high speed up to 33KV loads.
(iii) for high vollage it becomes easy to give insulation a stator part then on a moving part,

(iv) Very little difficulty is experienced in supplying the field magnet as it requires very few
amperes of current at a voltage up to 250 volts. The stator which consists of three phase winding is

414
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connected in star. In power system use the star or neutral point of the armature winding is solidly
grounded and lines are drawn from the three phases for connecting to the load as shown in fig. 8.22.

Since the generation is ac voltage clectrical output can be tapped out directly from the stator winding.

o R
Stator
winding
To the load Rotor winding
SO
o Y
Low voltage,
e low current
= o B - DC supply -
[Winding configuration of a 3-écommercial altemator]
Fig 8.22

Frequency of output voltage :
Let P = no of rotor poles.
N = Speed of the rotor in rpm.

From the basics it can be seen that two poles (one north and one south) are responsible for generating

one cycle of ac voltage in the armature winding. In one complete revolution number of poles
interacted = P

Number of cycles generated in one revolution =+-‘;—

. . 60
Time taken for one revolution = ‘E seconds.

o .
In = seconds no of cycles = 5

Ino d no of cycl M__EL-PN
ne second no of cycles generated = 'ﬁil:.‘rL 120
4

PN
= Frequenc =—H:
quency (/) =
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Emf equation :

Let P = noof poles
N = speed in rpm
i = no of concentric tums
K, = distribution factor.
K, = pitch factor or chording factor.
o} = flux produced per pole in weber.

In one revolution flux cut by one armature conductor =P = d

: = 60
Time taken for one revolution '—N~ sec. = dt.

Therefore average emf induced in the conductor is given by,
E_dql_ op _OPN _ 2PN

=— == =
dt 691’\-" 60 120

=e=20f volts. o =%

Since the output voltage of an alternator is alternating in nature, average emf has no significance. For
all practical purposes rms value should be calculated. For a sinusoidal ac vollage,

rms value = average value x form factor
The value of form factor is 1.11 in case of sinusoidal a.c.
Rms value of induced emf per conductor =(1.11) (¢)
=(1-11) (281)
=2.22 ¢f volts.
Emf per turn = 2 x 2.22 ¢/ = 4.44 §f volis.
(Two conductors constitute one turn)
Induced emf per phase = emf per turn  no of tums per phase = 4.44 ¢f T , volts.

In practice the stator winding is not concentric but distributed in natre. Hence actual induced emf
will be slightly less than the calculated value.

The induced emf per phase is multiplied by a factor K, known as distribution factor: (K, varies from
(.96 1o 0.98.) Similarly in practice the width of a turn known as pitch may not be full (i.e. 180
electrical). Intentionally the width of a turn is shorted due to various advantages, such windings are
known as short pitched or chorded winding. The actual induced emf per turn for a chorded winding is
slightly less by a factor K_than that of a full pitched winding.

Considering all these points induced emf per phase is given by
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E,, =4-449T K K _volts

The line voltage is given by,
E, = 3E . [for star connected armature]
E

Equivalent Circuit :

=E,  [fordelta connected armature]

Line

The terminal voltage of an alternator changes with increase in load current. (terminal voltage may
increase or decrease depending on load power factor). This is due to presence of an internal
impedance known as synchronous impedance (Zs).

Z =R+jX R X I

Where R =resistance of armature per phase.
X = synchronous reactance per phase.

The equivalent circuit of an alternator is shown in fig. E v
8.23.

a

From the equivalent circuit,
V=E-IZ, Fig 8.23
= V=E-I(RHX)
In many practical cases R << X and hence R may be neglected. Thus above equation reduces to
V=E-jIX,
8.5.1.3. Synchronous Motor

A three phase alternator when connected to a infinite bus * bar delivering electrical power to the bus,
suddenly input to its prime mover is withdrawn then it continues to rotate as a motor by drawing
electrical power from the bus. This synchronous machine is said to be operating as a motor known as
synchronous motor. The salient leatures of a synchronous motor is deseribed below,

(i) It is not self starting.
(ii) It rotates ;ﬁbmnmm speed irrespective of load torque. The speed at which it rotates is given
by N, =—rpm.
1207

* Infinite bus means a power system which connected to many generators and loads
maintains constant voltage and efficiency.
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(iii) It can draw current from the supply at any power factor (lagging, leading, upf)
(iv) It needs both three phase ac supply (stator) and de supply (rotor).
(v) It is costlier than three phase induction motor.

8.5.2. A synchronous Machines

A synchronous machine always rotates at a constant speed, but asynchronous machine operates with
variable speed. One of the important asynchronous machine is induction machine. When operating in
three phase it can be used as induction motor or induction generator. As induction motor, it is largely
used in various applications such as from domestic air conditioning to industrial use (rolling mill etc.).

Induction generators are mostly used in wind generating system. They convert wind energy to
electrical energy at constant frequency irrespective of wind speed.

Constructionally they have a stator carrying three phase windings like a synchronous machine. The
stator winding may be connected in star or in delta. The rotor of an induction machine can be of two

types.
(i) Squirrel cage rotor.
(i) Slip ning or phase wound rotor.

In both type of rotor the windings are not supplicd with electrical power but are short circuited. In case

of a squirrel cage rotor, the rotor windings arc shorted internally while in case of slip ring rotor the
short circuit is done externally through three slip rings.

Stator R
Siator @ 30
AC Supply

-5 pan—

AC Supply o

SRR o =]

Shp nngs
) ,/7
il N
Rotor L""ﬁ - r
B | |

resistance

{a) Squirrel cage type induction matog
{b) Phase wound type induction motor

Fig 8.24
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Slip ring induction motor will develop high starting torque by inserting external resistance to the rotor
circuit through slip rings. The schematic diagram of a squirrel cage and phase wound type induction
motor are shown in fig. 8.24.
Example 8.16 : For 60 Hz synchronous generator, list six possible combination of no of poles and
speed.
Solution :

Given that, frequency of generated voltage, f= 60 Hz

120/

We have N = = speed of the synchronous gencrator,

The no of poles must be an even numberi.c. 2, 4, 6..... Hence for various number of poles the required
speed for generating 60Hz emf is shown in the table below.

Table
No. of poles Required Speed in rpm

2 3600

4 1800

6 1200

B8 900

10 720
R _12_ : | 600

Example 8.17 : What is the maximum spced at which,
(1) a 60 Hz
(ii) a 50 Hz
Synchronous machine can be operated.
Solution :
The minimum no. of poles that a synchronous machine that should have is equal to 2.

120 - -
As, N, = Tf minimum no of poles will give maximum speed.

- For =60 Hz, maximum Speed = Ll

= 3600 rpm

12050

For { = 50Hz, maximum speed = = 3000 rpm
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Example B.18 : A three phase, 50 Hz, 8 pole synchoronous generator with star connected winding has
72 slots and 10 conductors per slot. The flux per pole is24 -8 107" wh. The coils are full pitched. Find

(i) the speed (ii) the line emf. Given that the distribution factor K =0.96.

Solution :

Given that = 50Hz, P =8,
No of armature conductors Z =72 x 10 =720
Flux per pole ¢ =24-8 x 107 wh

120/ 120x 50
P 8

(i) Required Speed N = =750 rpm

(i1) No of turns = 2'2' ?—iﬂ—i‘.ﬁﬂ

No. of tumns per phase Te= ﬁ;} =120

Since the winding is full pitched pitch factor K =1
- Induced emfper phase = E | = 4- 47T K K.
= 4-44(50)(24-8x107) (120)(0-96) (1)

= 634.2 volts.

Since armature is star connected line voltage

E, =\3E, =3x634-2=1098.5 volts.

o ==
VN

Fig. 8.25

Example 8.19 : The three phase synchronous reactance of a three phase star connected, 2.5 MVA,

6.6KV, 60 Hz turbo alterator (synchronous generator) is 10 ohms, Negleet
and saturation. Calculate the voltage regulation when the g generator

unit power factor (ii) 0.8 power factor lagging (iii) 0.8 power factor leading.
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X, I
Solution : T a
Given that, rated three phase output (p) = 2.5 x 10* VA,
rated line voltage (V,)= 6.6 x 10" volts. %
frequency = 60Hz, synchronous reactance Ly
(X,) = 10 ohm, armature resistance (R ) = 0 ohm
The per phase equivalent circuit of the alternator is shown in fig. 8.26. o
Fig. 8.26
Rated threc phasc apparent power =v/3V,/, =2-5x10° VA
Line Current / = /, E;f;i:}ﬁ = ﬁzj:;::gs =218.7A
Phase voltage V , = %'—- %ﬁ =381051 volts.
(1) Atunit p.f. current 1 is in phase with ¥, = [=218-7 Z0°% 4
Applying KVL to the equivalent circuit, no load per phase voltage
E;a =V ﬂ+jlxs
= 3810.51 £0+ j(218.7)10
=3810.5] + 2187
=4393.51 £29-85"volts.
(Taking Load phasc voltage V| as reference)
Taking magnitude only, full load voltage V a = 3810.51 Volts.
No load terminal voltage £ | = 4393.51 volts.
. Voltage Regulation = Ep ;V"* il -353]1; flm's L 0.153=153%
(ii) At 0.8 p.f. lagging :
I=218-7£-cos™ 0-8=218-7£-36-87A
E.=V,+jlX, =3810-51+218-7£-36-87x10.£90"
=3180.51 + 2187 £53-13
=3180.51 + 1312.2 +j1750
421
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=4492.82 + {1750

=4821:-61221-28 volts

4821-61-3810-62
3810.62

. Voltage regulation = x 100=26.53%

(iii) At 0.8 p.f. lcading :
I'=218-7236-87 A
E =V, +jIX,
=3810-62+218-7.236-87%10.290°
= 3810.62+2187.2126.87
=3810.62 - 1312 +j1750
= 2498.62 + 1750
= 30504 35%alts.

3050 -3810-62

Voltage regulation =
3810-62

®100==19.9%

Examph_: 8.20: A miciw [_mlc single phase alternator has 50 slots and 20 conductors perslot. The flux
per pole is 90 mwb sinu soidally distributed. The distribution factor is 0.666 and the coil span factor is
unity. If the speed is 600 rpm find (a) frequency (b) the emf generated in the alternator,

Solution
Given that flux per pole ¢ =90 x 10 wb
No of poles P =12
Speed N = 600 rpm
No of armature conductors Z = 50 20 = 1000

Nooflumns T = %! =500

K,=0.666 and K=

(a) Frcqucm:}, f= _FE = 12% 600

120 120
(b) Induced emf E=4.44 ldTKK,

=G0 H=

=444 % 60 x 90 % 10 x 500 x 0.666 x 1= 7984 volis.
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Example 8.21 : A three phase 8 pole 576.6 volts, star connected alternator runs at 900 rpm. Calculate
the no of turns in the stator winding if flux per pole is 25 mwb. Assume K, = 0.96

Solution :
Given that line voltage E =576.6 volts,
Speed N = 900 rpm.
Flux per pole & =25%107 wh.
K,=0.96
Assuming full pitch winding K_= |
Since frequency is not given assuming initial conditions f= 50Hz.

We have induced emf per phase E =4.44 [¢T K K,
E

=T, =Turns per phase = 4'44f;ff¢n‘fr
576-6/
/3

T 4-44%50%25%107 X0-96x1

- Total no of lums =3 Tph =3I x62 =186

Example 8.22 : Find the BHP of a dicsel engine driving an ac generator supplying a load current 70 A
at 400 V in a 3- supply system. Assume p.f. of the supply is 0.84 and the efficiency of the alte mator
is 84%.

Solution :
Given that load current [, = 70 A.
Load voltage V, =400 V.
P.f.=cosd=0.84
Efficiency of alternator (1) = 0.84
Output of the alternator =3, /, cos®=+/3 x 400 x 70 x 0.84 = 40737 watt.

Dicsel 3 phase
Engine Alemator

Fig. 8.27
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Quitput of the diesel engine = input of the alternator
_alternator output
1

40737
—— T d {I '. T
0.84 8497 watl

g 48497
BHP of the engine = ——=65 HP.
g 746

Example 8.23 :

power output of the altenator.

Solution :
Given that phase voltage V o+ = 5000 volts.
Line Current [, = 1000 A
P.f.=cos$=0.5

Since the armature is star connected line

Voltage V, =3V, =+/3x5000 = 8660 volts,

. Power output P=43 V, 1, cosd
= 3% 8660%1000x05
= 7.5 x 10° watts,

=7.5 MW.

424

The current in cach phase of a star connected alternator is 1000 A when the
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PREVIOUS YEAR
QUESTIONS SOLVED

A dc shunt motor is running at 1500 rpm. How can you obtain a speed of 1000 rpm?

(1st semester 2003)

Solution : Speed 1000 rpm can be done by armature voltage controlled.

Sketch slip - torque characteristics of a 3-phase induction motor.

{1st semester 2003)

Slip corresponding 1o
¥ starting torque

Slip —»

A dc motor runs on a 200V supply and has negligible armature resistance. What happens to
its speed ifthe armature voltage is reduced by 20% and the field eurrent is inereased by 30%.

Solution : V = 200 volts.
Since R, 1s zero, £, =V
Given that £, =0-8E,

Field current [ = 1-3f -

!
As flux o, 2N
It 1
=¢¢—E=Iv3
@,
E
As No—=> Snﬂl—:&xﬂ—
N, E, 9,

(Ist semester 2004)
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N B
— —l — _h:_ qll

b —--—.D-RXJ—:U-{EIS
Ny Ey 0, 13

« Ny =0-615N, =(1-0-385) N, i.c. the speed will reduce by 38.5%,

4. What happens to the rotor speed and rotor current when the mechanical load on an induction
molor increases 7 (Ist semester 2004)
Solution : Rotor Speed decreases
5. A dc shunt generator generates an emfof 520 Vata speed of 1200 rpm. It has 2000 armature
conductors and flux per pole is 0.013 wb. The armature winding has 4 parallel paths. (i)
Determine the number of poles. (ii) Find the generated voltage, if the armature winding is
wave connected. (Ist semester 2004)
Solution : E =520 volts, N = 1200 rpm, Z =2000
0=0013wh. A=4
: A GO(4)(520
{I} ‘:Bﬂf- o P:ﬁﬂ lE:= { }{ } —*- |
604 0ZN  (0-013)(2000) (1200)
o PoZN _ 4(0-013)(2000)(1200)
(i1) ok : :
604 60(2) 1040 volts.
Where 4 =2, for wave connected.
6.

A de shunt motor rotating at 1500 rpmis fed by a 120 V dc source. The line current drawn by
the motor is 51 A, and the shunt field resistance is 1200, Find (1) the back emf (ii) the

mechanical power and torque developed by the motor. Take armature resistance 01,

(1st semester 2004)
Solution : V = 120 volts, 5 €51d, R, =120Q, . =010
V = IJ&'RJJQ
¥ 12
= vh See== _-E =L
R, 120
'.:.f. = ".ln + ".l,.J|

= 1, =1, -1, =51-1=504
(i) BackemfE, =V — 1 R, =120-50(0-1)=115 volis,
(ii) Mechanical power output = E, 0, =(115)(50)=5.75Kw
Mechanical power, P = Ty
P_ElI
= = = el = 5?50

=366 Nm
w 2nf 1500
2n| ==
60
o TS S YO R (7 =i, = e T I RS T e
Pt B b L :’-;.":‘:.f":&'f'.h P S R e e R e T
e A N T K N G L e PR e T T
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7. A 208V, 10 hp, 4 pole, 60 Hz, 3 phase star connected induction motor has a full load slip of 5
percent. Determine (i) the rotor speed and shaft torque at the rated load. (ii) rotor [requency
and rotor induced voltage at Mlh the rated load. (Ist semester 2004).
Solution : V = 208 volls, P, =10/p=10x 746 = 7460/

Pole, P=4 J =60Hz, Slip, S§=005
i N, =120 _120%60_ 00
P 4
N -N
But §=-—¢
NJ
—0.05= 1800— N
1800
= N=1710rpm
P
Torque, T=—"t= 1en0 =41-68Nm.
2nf ZH(I?IHJ
60
(ii) For an induction motor, when the load torque in working range, it is given by 7' §.
e Tz e’ S: _ |
L 4
1 1
SI=ESV=EWJH):&HES

Therefore rotor frequency f ' = s/ =60(0-0125)=0-75/1z.
Assuming unity turn ratio, £, = £, =V =208 volts.

Rotor emf E} = SE, =0-0 125(208) =26 volis. (between slip rings)

8. A 500 V de shunt motor has a speed of 1200 rpm, the line current being 5A. Find the speed
when line current increases to 30 A, The shunt field resistance and armature resistance are
2500 and 1.1€2 respectively. (2nd semester 2004)

Solution : Given that V = 500 volts, N, =1200rpm
[, =54, R, =2500hms, R =1llohms. [, =304

I,=1-1,=5-2=34
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N, E,s
For a shunt motor, — = —=
N, E,
B 2
= N,=N, 282 _1op0x 2692 _, 13356 rpm,
- E. 496-7
g, A 120V, dc shunt motor has an armature resistance of 0.2Q and field resistance of 60Q. It
runs at 1800 rpm when it is taking a full-load current of 40 A.
(i) Find the speed of the motor, when it is operating with half the full-load.
(ii) The mechanical torque developed at half load. (Supplementary Exam 2004)
Solution : V = 120 volts, R, =020, R, =600
N, = 1800 rpm, Full load current /|, =404
(1) Current drawn at half full load /, = _‘_’-; =204
Vo120
], =—=—=24
> R:rﬁ ﬁﬂ :
f,=1=1,=40-2=384
E, =V-1_R, =120-38(0-2)=1124volts.
[,,=1,-1,=20-2=184
E,.,=V-1_,R, =120-18(0-2)=1164 volt
Ny B,
NI EM
B 116-4
= N,=N, x—2=1800x =1864 rpm.
vOUYTE, 112-4 E
(ii) Mechanical Power developed at half load
P,=FE, 1 ,=116-4x18=2095-2 watt
P, x60 2095-2x%60
Torgue developed 7, = — — = byl =10-739 Nm,
2nN,  2n(1864)
10. A 3 phase, 50 Hz induction motor has 8 poles. If the full load slip is 2.5%, determine (i)
synchronous speed (ii) Rotor speed (iii) Frequeney of the rotor current.
(Supplementary Exam 2004)
BT o T R A = : 3 £

Similarly I.=1,-1,6=30-2=284
Ey, =V =1,R, =500-28(11)=4692 volts.
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Solution {= 50 Hz, Pole (P) = 8, Full load slip = 0.025

120/ 120(50)
P

(ii) Rotor speed N = N (1- §)=750(1-0-025) = 731-25 rpm.

(iii) Frequency of the rotor current /' =5/ =0-025(50) = 1-25Hz.

(1) Synchronous speed N, = = 750 rpm.

11. A 4 pole DC generator running at 1500 rpm has 540 conductors. The flux per pole is 10
mwb. Determine the induced emf if the armature winding is (i) Lap connected and (ii) wave
connected. (Ist semester 2005)

Solution P =4, N = 1500 rpm, Z= 540, d=10%10"" wh.
(i) A=P=4, for Lap connected.
£ 9ZNP _ 10X 107 > 540 1500 4

=135 volts.
604 60(4) Yo
(i) A =2, for wave connected.
OZNP _ 10% 107 x540% 1500 4
F= = =270 volts.
604 60(2)
12. In a 4 pole DC generator, the flux per pole is 6 mwb, there are 96 conductors and they are

wave connected. What is the induced voltage if the armature rotates ata speed of 1500 rpm.
(2nd semester 20035)
Solution :
Pole (P)=4, Flux perpole (6)=6x10"" wb
Z=090, A = no of parallel path = 2
N = 1500 rpm.

7 107" x96x 150
Hidoeed Volge (B m DL S% 10 X I0X 000X o 28 8v6uE
604 60%2

13. A 3-phase induction motor develops 25 kw output power at an efficiency of 88% at a p.f. of
0.85 lagging, when connected to a 3-phase 415V, 50 Hz supply. The windings of the motor
are delta connected. Caleulate both the phase currents and line currents drawn by the motor
from the supply.

(1st semester 2006)
Salution
Output P =25x10" watt, n=0-8§, cosh =083
V, =415 volts, =50 Hz.
429
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25%10°
Input Power drawn by the molor P, = LN =28409 watls.

efficiency 0-88

. =-ﬁ]’,_ I, cos¢
Line current drawn from the supply

g s Po 28409
; ﬁl’,_cosqa V3% 415%0-85

=46-49 4

I, 46-49

b = =26-8414

i B

14, Calculate the slip of a 4 pole induction motor running at 1470 rpm while being connected to a
50 Hz three phase source. (1st semester 2007)

Since the windings are delta connected, the current in phase winding / , =

Solution : N =1470 pm, P=4, f=50 Hz

_ 120 120% 50

PN
N, =N 1500-1470

Slip (s)= —
D= 1500

N

= 1500 pm

=0-02

-5 A three phase, 4 pole induction motor runs at 1% slip when supplied from a 400 V, 50 Hz
three phase AC supply. Calculate rotational speed of the revolving magnetic field and
running speed of the motor, (1st semester 2009)

Solution : P=4, 5=0.01, f= 50 Hz, V, =400 volts.
120 120(50)
gy

Running Speed of the motor ~ N =(1-8) N =(1-0-01)(1500) = 1485 rpm.

Speed of the revolving magnetic field =

= 1500 rpm

16. A DC shunt motor develops 200 V on no load, while running at 1200 rpm. If the machine has

4-poles and 100 lap wound armature conductors, calculate the flux per pole. Also calculate
the shunt field current if the resistance of the shunt field is 200 ohms.

(1st semester 2009)
Solution : E, =200 volts, N = 1200 rpm, P=4
Z=100, A=P=4, R, =200 ohms
60A4E,  60(4)(200)

Flux per pole (¢) = = =} ] 0
perpole(0)=—1p (00)(1200)(a) "

Neglecting armature resistance supply voltage
V = E, =200 volts.
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I 200
hunt field tl, =—=—=I4
Shunt field current 7, R, =200
17. Calculate the slip of a 6-pole induction motor running at 960 rpm while drawing power from
a 50 Hz three phase balanced source. (2nd semester 2009)
Solution : N =960 rpm, P =6, f=350 Hz
120 120(30)
Neg= = = 1000 rpm
5 P 6 P
MNe=N 1000-960
Sr - £ = = l:_l . [}4
BANS S 1000

i
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Calculate the force exerted by each conductor, 6 in long on the armature of a DC motor when
it carries a current of 90A and lics in a field the density of which is 55-2x 107 Wb / ",

[11.06N]

In a DC machine, the air-gap flux density is 4 Whim®. The area of the face is 2em x 4 cm.
Find the flux per pole in the machine.
[0.32m Wh]

A 220V shunt motor has an armature resistance of 0.32Q and a field resistance of 110 ohms.
At no load the armature current is 6A and the speed is 1.800 rpm. Assume that the flux does
not vary with load and calculate. (a) The speed of the motor when the line current is 62 A
(assume a 2-volt brush drop)., (b) The speed regulation of the motor. [1657 rpm, 8.65%|

A 120 V, 10 A shunt generator has an armature resistance of 0.6€2. The shunt ficld current is
2A. Determine the voltage regulation of the generator, [4.9%].

Calculate the voltage induced in the armature winding of a 4-pole, lap wound, de machine
having 728 active conductors and running at 1800 rpm. The flux per pole is 30 mWhb. If the
armature is designed to carry a maximum line current of 100A, what is the maximum
electromagnetic power developed by the armature ? [655.2V, 65.5 KW)|

A 100 kW, 230 V, shunt generator has Ra = 0.05Q and Rf = 57.50Q. 1fthe genecrator operates

at rated voltage, calculate the induced voltage at (a) full-load and (b) half full-load. Neglect
brush contact drop. 252V, 241V].

At what speed, in rpm must be armature of'a de machine run to develop 572 KW ata torque of
4605 N-m?

[1187 rpm)
The armature of a dc machine running at 1200 rpm carries 45 A in current, If the induced
armature voltage is 130V, what is the torque developed by the armature ? [46.5 N.m)|

A sell-excited shunt generator su lics a load of 12.5 KW at 125 V. The ficld resistance is 25
2 and the armature resistance is The total voltage drop because of brush contact and
armature reaction at this load is 3.5V, Calculate the induced armature voltage. 1139 V]

A G-pole, lap-wound armature, having 720 conductors, rotates in a flux of 20.35 mWb per
pole, (a) IT the armature current is 78 A, what is the torque developed by the armature ? (b) IF
the induced armature voltage is 420 V, what is the motor speed ?

[(2) 181.9 N.m (b) 1720 rpm].

A 50-hp, 550 volt shunt motor has an armature resistance, including brushes, of 0.36 ohm.
When operating at rated load and speed, the armature takes 75 amp. What resistance should
be inscrted in the armature circuit to obtain a 20 percent speed reduction when the motor is
developing 70 percent of rated torque ? Assume that there is no flux change, [2.15Q]
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A 20 kW, 230 V scparately excited gencrator has an armature resistance of 0.2 and a load
current of 100 A. Find

(a) The generated voltage when the terminal voltage is 230 V.

(b) The output power, [250V, 23KW]

A 10 KW, 120V DC series gencrator has an armature resistance of 0.1€2 and a series field
resistance of 0.050. Assuming that it is delivering rated current at rated specd, Tind Tay the
armature current and (b) the generated voltage (¢) voltage across the brushes.

[83.33 A, 132.5V, 128.33V]

The armature resistance of a 30 KW, 440 V shunt generator is 0.1£2. Its shunt field resistance
is 200 Q. Find

(a) The power developed at rated load.
(b) The load, ficld and armature currents,
(c) The electrical power loss. [31.471 KW, 62.8A, 2.2A, T0.4A, 1464W|

A four-pole, 450 kW, 4.6 kV shunt generator has armature and field resistances of 2£2 and
333€2. The generator is operating at the rated speed of 3,600 rev/min. Find the no-load
voltage of the generator and terminal voltage at half load. [4820.4V, 4810.7V]

A shunt DC motor has a shunt field resistance 0f400€2 and an armature resistance of 0.2€2,
The motor name plate rating values are 440V, 1,200 rev/min, 100 hp, and full-load efficiency

of 90 percent. Find

(a) The motor line current.

(b) The field and armature currents,

(c) The counter emf at rated speed.

(d) The output torque. [188.4A; 1.1A, 187.3A; 402.5A; 593.5N-m|

A 30 kW, 240 V generator is running at half load at 1,800 rev/min with efficiency of 85
percent. Find the total losses and input power, [2.647 KW, 17.64Kw]|
A 240 volt series motor has an armature resistance of 0.4282 and a series-field resistance of
0.18€2. If the speed is 500 rev/min when the current is 36 A, what will be the motor speed
when the load reduces the linc current to 21 A 7 (Assume a 3-volt brush drop and that the flux
is proportional to the current.) [893 rpm]

A 220V DC shunt motor has an armature resistance of 0.2 and a rated armature current of
50 A. Find

the voltage generated in the armature.

The power developed. [210V, 10.5 KW]|
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perates at 820 rev/min when the load is 75 hp. If the

T8.20 A 550 volt serics motor takes 1124 and o
the horsepower output of the motor

effective armature-circuit resistance is 0.1 562, calculate
when the current drops to 84 A, assuming that the flux is reduced by |5 percent.
|56.7 hp]

T821 A 200V DC shunt motor has Ra=0.1Q2 & R{=100 €2, When running at 1,100 rev/min with no
load connected to the shaft, the motor draws 4A from the line. Find Eand the rotational losscs

at 1,100 rev/min (assuming that the stray-load losses can be neglected).
[199.8V; 399.6W]

T8.22 A 200V DC shunt motor with an armature resistance of 0.1Q and a field resistance of 100 £
draws a line current of 5A when running with no load at 955 rev/min. Determine the motor
speed, the motor efficiency, the total losses (i.c.. rotational and /° R losscs), and the load
torque (i.e. T, ) that will result when the motor draws 40 A from the line. Assume rotational
power losses are proportional to the square of shafl speed.

[100 r/s; 85.84%; 1133W; 7. 9N-m]

T8.23 A shunt motor operates ata flux of 25 mWb per pole, is lap-wound, and has 2 poles and 360
conductors. The armature resistance is 0.12€ and the motor is designed to operate at 115V,
taking 60 A armature current at full load, (a) Determine the value of the external resistance to
be inserted in the armature eircuit so that the armature current shall not exceed twice its
full-load value at starting, (b) When the motor has reached a speed of 400 rpm, the external
resistance is cut by 50%. What is the armature current then, at this speed ? (¢) The external
resistance is completely cut out when the motor reaches its final speed; the armature current 18
then at its full-load value. Calculate the motor speed.

| (a) 0,838 ft, (b) 102 A; (¢) 718.6 rpm]

T8.24 A 230 V shunt motor, having an armature resistance of 0.03 fi. and a hield resistance of 756,
draws a line current of 7 A while running light at 1120 rpm. For a load at which the line
current is 46 A, determine (a) the motor speed, (b) motor efficiency, and (¢) total core and
mechanical losses.

[(a) 1110.5 rpm: (b) 83.9%; () 903.9W]
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