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Chapter –
Short Type Questions
1. Write down two properties of an insulating materials. (2019)
Two properties of insulating materials are-i) bad conductors of electricity,ii)bad conductors of
heat .
Long type questions
1. Briefly write the different magnetic materials used in electrical circuit.(2015) (2019)
Materials in the first two groups are those that exhibit no collective magnetic interactions and are
not magnetically ordered. Materials in the last three groups exhibit long-range magnetic order
below a certain critical temperature. Ferromagnetic and ferrimagnetic materials are usually what we
consider as being magnetic (ie., behaving like iron). The remaining three are so weakly magnetic
that they are usually thought of as "nonmagnetic".

1. Diamagnetism
Diamagnetism is a fundamental property of all matter, although it is usually very weak. It is due to
the non-cooperative behavior of orbiting electrons when exposed to an applied magnetic field.
Diamagnetic substances are composed of atoms which have no net magnetic moments (ie., all the
orbital shells are filled and there are no unpaired electrons). However, when exposed to a field, a
negative magnetization is produced and thus the susceptibility is negative. If we plot M vs H, we
see:
Note that when the field is zero the magnetization is zero. The other characteristic behavior of
diamagnetic materials is that the susceptibility is temperature independent. Some well known
diamagnetic substances, in units of 10 -8 m3/kg, include:
quartz (SiO2) -0.62
Calcite (CaCO3) -0.48
water -0.90

2. Paramagnetism
This class of materials, some of the atoms or ions in the material have a net magnetic moment due
to unpaired electrons in partially filled orbitals. One of the most important atoms with unpaired
electrons is iron. However, the individual magnetic moments do not interact magnetically, and like
diamagnetism, the magnetization is zero when the field is removed. In the presence of a field, there
is now a partial alignment of the atomic magnetic moments in the direction of the field, resulting in
a net positive magnetization and positive susceptibility.
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In addition, the efficiency of the field in aligning the moments is opposed by the randomizing
effects of temperature. This results in a temperature dependent susceptibility, known as the Curie
Law.
At normal temperatures and in moderate fields, the paramagnetic susceptibility is small (but larger
than the diamagnetic contribution). Unless the temperature is very low (<<100 K) or the field is
very high paramagnetic susceptibility is independent of the applied field. Under these conditions,
paramagnetic susceptibility is proportional to the total iron content. Many iron bearing minerals are
paramagnetic at room temperature. Some examples, in units of 10 -8 m3/kg, include:
Montmorillonite (clay) 13
Nontronite (Fe-rich clay) 65
Biotite (silicate)

79

Siderite(carbonate)
Pyrite (sulfide)

100

30

The paramagnetism of the matrix minerals in natural samples can be significant if the concentration
of magnetite is very small. In this case, a paramagnetic correction may be needed.

3. Ferromagnetism
When you think of magnetic materials, you probably think of iron, nickel or magnetite. Unlike
paramagnetic materials, the atomic moments in these materials exhibit very strong interactions.
These interactions are produced by electronic exchange forces and result in a parallel or antiparallel
alignment of atomic moments. Exchange forces are very large, equivalent to a field on the order of
1000 Tesla, or approximately a 100 million times the strength of the earth's field.
The exchange force is a quantum mechanical phenomenon due to the relative orientation of the
spins of two electron.
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Ferromagnetic materials exhibit parallel alignment of moments resulting in large net magnetization
even in the absence of a magnetic field.
The elements Fe, Ni, and Co and many of their alloys are
typical ferromagnetic materials.
Two distinct characteristics of ferromagnetic materials are
their
(1) spontaneous magnetization and the existence of
(2) magnetic ordering temperature
Spontaneous Magnetization
The spontaneous magnetization is the net magnetization that
exists inside a uniformly magnetized microscopic volume in
the absence of a field. The magnitude of this magnetization, at 0 K, is dependent on the spin
magnetic moments of electrons.
A related term is the saturation magnetization which we can measure in the laboratory. The
saturation magnetization is the maximum induced magnetic moment that can be obtained in a
magnetic field (Hsat); beyond this
field no further increase in
magnetization occurs.
The difference between
spontaneous magnetization and the
saturation magnetization has to do
with magnetic domains (more
about domains later). Saturation
magnetization is an intrinsic
property, independent of particle
size but dependent on temperature.
There is a big difference between
paramagnetic and ferromagnetic
susceptibility. As compared to
paramagnetic materials, the
magnetization in ferromagnetic
materials is saturated in moderate
magnetic fields and at high (roomtemperature) temperatures:
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Chapter- 2
Short type questions
1. What is the function of commutator in a d.c. generator?(2015,2017)
Function of commutator changes as per the DC machine. In case of DC generator, commutator is
used to convert generated AC in armature into DC. In case of DC motor, commutator is used to
maintain unidirectional torque i.e. it only reverses direction of current flow.
2. What is the main function of yoke?(2016,2014)
The magnetic frame or the yoke of DC motor made up of cast iron or steel and forms an integral
part of the stator or the static part of the motor. Its main functionis to form a protective covering
over the inner sophisticated parts of the motor and provide support to the armature.
3. Write the difference between lap & wave winding(2017)
Lap Winding

Wave Winding

Definition

The coil is lap back to the
succeeding coil.

The coil of the winding form
the wave shape.

Connection

The end of the armature coil is
connected to an adjacent
segment on the commutators.

The end of the armature coil
is connected to commutator
segments some distance
apart.

Parallel
Path

The numbers of parallel path
are equal to the total of
number poles.

The number of parallel paths
is equal to two.

Other
Name

Parallel Winding or Mulitiple
Winding

Two-circuit or Series Winding.

EMF

Less

More
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4. State the principle of operation of dc generator . (2019)
The principle of operation of dc generator states that if a conductor rotates in the magnetic field
then emf is induced in it. Its magnitude is given by Blv volt .
Medium type questions
1. Derive the EMF equation of d.c. generator.(2016)
The derivation of EMF equation for DC generator has two parts:
1. Induced EMF of one conductor
2. Induced EMF of the generator
Derivation for Induced EMF of One Armature Conductor
For one revolution of the conductor,
Let,
Φ = Flux produced by each pole in weber (Wb)
and
P = number of poles in the DC generator.
therefore,
Total flux produced by all the poles
And,
Time taken to complete one revolution
Where,
N = speed of the armature conductor in rpm.
Now, according to Faraday’s law of induction, the induced emf of the armature conductor is denoted by “e”
which is equal to rate of cutting the flux.
Therefore,

Induced emf of one conductor is

Induced emf of one conductor is
Derivation for Induced EMF for DC Generator
Let us suppose there are Z total numbers of conductor in a generator, and arranged in such a manner
that all parallel paths are always in series.
Here,
Z = total numbers of conductor
A = number of parallel paths
Then,
Z/A = number of conductors connected in series
We know that induced emf in each path is same across the line
Therefore,
Induced emf of DC generator
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E = emf of one conductor × number of conductor connected in series.
Induced emf of DC generator is
Simple wave wound generator
Numbers of parallel paths are only 2 = A
Therefore,
Induced emf for wave type of winding generator is
Simple lap-wound generator
Here, number of parallel paths is equal to number of conductors in one path
i.e. P = A
Therefore,

2 . Give a brief classification of dc generator .
Ans :

Long type questions
1. Write the principle & construction of d.c. generator.(2015)
A DC generator can be used as a DC motor without any constructional changes and vice versa is also possible. Thus,
a DC generator or a DC motor can be broadly termed as a DC machine. These basic constructional details are also
valid for the construction of a DC motor. Hence, let's call this point as construction of a DC machine instead of
just 'construction of a dc generator'.
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The above figure shows the constructional details of a simple 4-pole DC machine. A DC machine consists two basic
parts; stator and rotor. Basic constructional parts of a DC machine are described below.

1. Yoke: The outer frame of a dc machine is called as yoke. It is made up of cast iron or steel. It not only provides
mechanical strength to the whole assembly but also carries the magnetic flux produced by the field winding.
2. Poles and pole shoes: Poles are joined to the yoke with the help of bolts or welding. They carry field winding
and pole shoes are fastened to them. Pole shoes serve two purposes; (i) they support field coils and (ii) spread
out the flux in air gap uniformly.
3. Field winding: They are usually made of copper. Field coils are former wound and placed on each pole and are
connected in series. They are wound in such a way that, when energized, they form alternate North and South
poles.
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Armature core (rotor)

4. Armature core: Armature core is the rotor of the machine. It is cylindrical in shape with slots to carry armature
winding. The armature is built up of thin laminated circular steel disks for reducing eddy current losses. It may
be provided with air ducts for the axial air flow for cooling purposes. Armature is keyed to the shaft.
5. Armature winding: It is usually a former wound copper coil which rests in armature slots. The armature
conductors are insulated from each other and also from the armature core. Armature winding can be wound by
one of the two methods; lap winding or wave winding. Double layer lap or wave windings are generally used. A
double layer winding means that each armature slot will carry two different coils.
6. Commutator and brushes: Physical connection to the armature winding is made through a commutator-brush
arrangement. The function of a commutator, in a dc generator, is to collect the current generated in armature
conductors. Whereas, in case of a dc motor, commutator helps in providing current to the armature conductors.
A commutator consists of a set of copper segments which are insulated from each other. The number of
segments is equal to the number of armature coils. Each segment is connected to an armature coil and the
commutator is keyed to the shaft. Brushes are usually made from carbon or graphite. They rest on commutator
segments and slide on the segments when the commutator rotates keeping the physical contact to collect or
supply the current.

Working Principle Of A DC Generator:
According to Faraday’s laws of electromagnetic induction, whenever a conductor is placed in a varying magnetic
field (OR a conductor is moved in a magnetic field), an emf (electromotive force) gets induced in the conductor. The
magnitude of induced emf can be calculated from the emf equation of dc generator. If the conductor is provided
with the closed path, the induced current will circulate within the path. In a DC generator, field coils produce
an electromagnetic field and the armature conductors are rotated into the field. Thus, an electromagnetically
induced emf is generated in the armature conductors. The direction of induced current is given by Fleming’s right
hand rule.
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2. A compound generator is to supply a load of 250 lamps,each rated at 100 W, 250 volt . The armature ,
series and shunt windings have resistances of 0.6 ohm,0.08 ohm and 50 ohm respectively. Determine the
generated emf when the machine is in (a) Long shunt, (b) short shunt . Take brush drop as 1 Volt. (2019)
Ans : Total Load=250 lamps each rated 100 Watt=25000Watt
Load Current =25000/250=100 Amp
Ra=0.6 Ὼ, Rse=0.07Ὼ, Rsh=50Ὼ
(a) When Long shunt

(b) When Short shunt

Chapter- 3
Short type questions
1. Write two uses of D.C. series motor. 2015
Dc series motor are used in electric traction work i.e. electric locomotives, rapid transit systems, trams,
Crane , hoists, conveyors etc
2. What is back emf ? 2015 ,2017,2019
When the armature of a d.c. motor rotates under the influence of the driving torque, the armature
conductors move through the magnetic field and hence e.m.f. is induced in them as in a generator. The
induced e.m.f. acts in opposite direction to the applied voltage V (Lenz’s law) and in known as back or
counter e.m.f. Eb. The back emf Eb (= PΦZN/60 A) is always less than the applied voltage V
3. What is the necessity of starter for the operation of DC motor. 2015
When a DC motor is initially started, there is no back e.m.f because the rotor is not turning. That means
that the motor will draw very high current, the high current can damage the commutator, the windings or
the power supply equipment. Therefore, a starter is needed to insert a current limiting resistor or
sequence of resistors until the motor gets up to speed.
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4. State the function of commutator in DC motor. 2016,2017
The function of commutator in DC motor is to convert DC to AC.
5. Write two uses of D.C. shunt motor. 2017
For battery charging & lighting pupose.
6.Write down the speed control methods of d.c motors . 2019
Ans. (i) Flux Control Method
(ii) Armature resistance Method,
(iii) Voltage control Method.
7.State the different power stages of dc motors. 2019
Ans:

Medium type questions
1. Discuss the speed torque characteristics of DC shunt motor. 2015
This curve is drawn between the speed of the motor and armature current with
various amps as shown in the fig.
From the curve it is understood that the speed reduces when the load torque
increases.
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From the characteristic it is clearly understood that when the shunt motor runs from no load to full load
there is slight change in speed.
Thus, it is essentially a constant speed motor. Since the armature torque is directly proportional to the
armature current, the starting torque is not high.
2. A 4 pole, lap wound DC shunt generator has a useful flux per pole of 0.07 Wb . Armature winding
consists of 220 turns each of 0.04 ohm resistance. Calculate terminal voltage when running at 900 rpm,
if the armature current is 50 amp. 2016
Ans –
Since each turn has two sides
Z = 220 x 2 = 400 ; N = 900 r.p.m ; φ = 0.07 wb ; P = A = 4
∴

Eg =PφZN / 60 A = 4 x .07 x 440 x 900 / 4 = 462 volt

Total resistance of 220 turns ( or 440 conductor) = 220 x 0.04 = 8.8 Ω
Since there are 4 parallel paths in armature
∴

Resistance of each path = 8.8 / 4 = 2.2

Now there are four such resistance in parallel each of value 2.2 Ω
∴

Armature resistance, Ra = 2.2 / 4 = 0.55 Ω
Armature drop = Ia Ra = 50 x .55 = 27.5 Ω

Now, terminal voltage

V = Eg - Ia Ra = 462 – 27.5 = 434.5 volt. (Ans)

Long type questions
1. A 220 V DC shunt motor runs at 500 rpm when the armature current is 50 A . Calculate the speed if
the torque is doubled. Armature resistance is 0.2 ohm. 2015
Ans - We know that Ta α φIa , Since φ is constant ( shunt motor) Ta α Ia
∴ Ta1 α Ia1 and Ta2 α Ia2 ∴ Ta2 / Ta1 = Ia2 / Ia1
Hence 2 = Ia2 / 50 or Ia2 = 100 A
Now N2 / N1 = Eb2 / Eb1
Eb1 = 220 – (50 x .2) = 210 V
∴

(since Φ remains constant)
and Eb2 = = 220 – (100 x .2) = 200 V

N2 / 500 = 200 / 210 or N2 = 476 r.p.m

2. State working principle of DC motor.2016
 A machine that converts D.C. power into mechanical power is known as dc motor.
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 Its operation is based on that when a current carrying conductor is placed in a magnetic field; the
conductor experiences a mechanical force.
 The direction of this force is given by Flemings Left hand rule & magnitude is given by F= BIl Newton’s.
Where B = Flux density, I = current & l = length of conductor.
 When field coil excited & armature conductor are supplied with main supply they experience a force
tending to rotate the armature.
 By Fleming’s left hand rule armature conductor under N
pole carries current down word & conductor under S
pole carries current upward.
 Hence the entire conductor experiences a force “F”
which tends to rotate the armature in anticlockwise
direction.
 These forces collectively produce a driving torque which
set the armature rotating.

3. A 230V series motor taking 50 amp. Resistance of armature and series field winding is 0.2 ohm and
0.1 ohm respectively
Calculate (I) brush voltage
(Ii) back emf and power in armature. 2016

Given date – Load current IL = 50 A
Armature resistance = 0.2 ohm
Series field resistance = 0.1 ohm
i)
ii)

Brush voltage = 2 Volt ( assumed)
Back emf = Eb = V – Ia (Ra+ Rse ) – brush drop
= 230 – 50 ( 0.2 + 0.1) – 2
( IL = Ia in series field)
= 230 – 15 – 2 = 213 volt
Power in armature = Eb I a = 213 x 50 = 10650 watt
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3. Explin the flux control methos of speed control of dc motor. 2019
Ans.Flux Control Method

It is already explained above that the speed of a dc motor is inversely proportional to the flux per pole. Thus by
decreasing the flux, speed can be increased and vice versa.
To control the flux, a rheostat is added in series with the field winding, as shown in the circuit diagram. Adding more
resistance in series with the field winding will increase the speed as it decreases the flux. In shunt motors, as field
current is relatively very small, Ish2R loss is small. Therefore, this method is quite efficient. Though speed can be
increased above the rated value by reducing flux with this method, it puts a limit to maximum speed as weakening of
field flux beyond a limit will adversely affect the commutation.

Long Questions
1. What is the necessity of starter in dc motor ? Explain briefly about $-point starter with neat
diagram.
Ans : Necessity of Starter
Basic operational voltage equation of a DC motor is given as
E = Eb + IaRa and hence, Ia = (E - Eb) / Ra
Now, when the motor is at rest, obviously, the back emf Eb = 0. Hence, armature current at the moment of starting
can be given as Ia = E / Ra. In practical DC machines, armature resistance is basically very low, generally about 0.5
Ω. Therefore, a large current flows through the armature during starting. This current is large enough to damage the
armature circuit.
Due to this excessive starting current -

1. the fuses may blow out and the armature winding and/or commutator brush arrangement may get damaged.
2. very high starting torque will be produced (as torque is directly proportional to the armature current), and this
high starting torque may cause huge centrifugal force which may throw off the armature winding.
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Four Point Starter

The main difference between a 3 point starter and a 4 point starter is that the no voltage
coil (electromagnet E) is not connected in series with the field coil. The field winding gets directly connected
to the supply, as the lever moves touching the brass arc (the arc below the resistance studs). The no voltage
coil (or Hold-on coil) is connected with a current limiting resistance Rh. This arrangement ensures that any
change of current in the shunt field does not affect the current through hold-on coil at all. This means,
electromagnetic pull of the hold-on coil will always be sufficient so that the spring does not unnecessarily
restore the lever to the off position. A 4 point starter is used where field current is to be adjusted by means of
a field rheostat for the purpose of operating the motor above rated speed by reducing the field current.
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CHAPTER-04
Short Questions
1. Define ÇQ-factor.

Ans: The quality factor relates the maximum or peak energy stored in the circuit (the reactance) to the
energy dissipated (the resistance) during each cycle of oscillation meaning that it is a ratio of resonant
frequency to bandwidth and the higher the circuit Q, the smaller the bandwidth,
Q = ƒr /BW.
2. Define active ,reactive and apparent power ?

Ans: Active power : The power dissipated in the resistance of a circuit is called active power (P)
P=VI cosƟ watt
Reactive power : The power stored in the inductance and capacitance of a circuit in the form
of magnetic fielf and electrostatic field respesctively are called reactive power(Q).
Q= VI sinƟ Volt-amp Reactive
Apparent power: It is the product of rms volage and rms current of supply in ac circuit.
S=VI volt-amp

CHAPTER-05
Short Questions
1. Define voltage transformation ratio and write down the emf equation of a 1-ɸ transformer .
Ans : Voltage transformation ratio
The transformation ratio is defined as the ratio of the secondary voltage(or turns) to the
primary voltage(or turns). It is denoted by K. K= (E2/E1) or (N2/N1) or (I1/I2).
Emf equation of transformer
RMS value of emf per turn = 1.11 x 4f Φm = 4.44f Φm. This is called the emf equation of transformer,
which shows, emf / number of turns is same for both primary and secondary winding.

2. Write down different types of losses in a single phase transformer.
Ans: The losses in atransformer are Iron loss and copper loss.
Medium Questions
1. Explain the condition for pallel operation of transformers and its advantages.
Ans: Condition for Parallel Operation of Transformers:
The various conditions which must be satisfied for the parallel operation of two or more Single
Phase Transformers are:
a) The Transformers must have the same voltage ratio i.e. with Primaries of Transformers
connected to the same supply; their Secondaries must have the same voltage.
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b) The equivalent leakage impedance in Ohm should be inversely proportional to their
respective kVA rating. In other words, we can say that all the Transformers should have their
per unit leakage impedance based on their own kVA rating equal.
c) The ratio of equivalent leakage reactance to equivalent resistance i.e. Xe / Re should be
same for all the Transformers.
Advantages of parallel operation of transformer
1)
2)
3)
4)

To maximize electrical power system efficiency.
To maximize electrical power system availability.
To maximize power system reliability.
To maximize electrical power system flexibility.

2. Derive the emf equation transformer.
Ans: EMF

Equation Of The Transformer

Let,
N1 = Number of turns in primary winding
N2 = Number of turns in secondary winding
Φm = Maximum flux in the core (in Wb) = (Bm x A)
f = frequency of the AC supply (in Hz)

As, shown in the fig., the flux rises sinusoidally to its maximum value Φm from 0. It reaches to the maximum value in
one quarter of the cycle i.e in T/4 sec (where, T is time period of the sin wave of the supply = 1/f).
Therefore,

/

average rate of change of flux = Φm (T/4)

/

= Φm (1/4f)

Therefore,
average rate of change of flux = 4f Φm
....... (Wb/s).
Now,
Induced emf per turn = rate of change of flux per turn
Therefore, average emf per turn = 4f Φm ..........(Volts).
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Now, we know, Form factor = RMS value / average value
Therefore, RMS value of emf per turn = Form factor X average emf per turn.
As, the flux Φ varies sinusoidally, form factor of a sine wave is 1.11
Therefore, RMS value of emf per turn = 1.11 x 4f Φm = 4.44f Φm.
RMS value of induced emf in whole primary winding (E1) = RMS value of emf per turn X Number of turns in primary
winding
E1 = 4.44f N1 Φm

............................. eq 1

Similarly, RMS induced emf in secondary winding (E2) can be given as
E2 = 4.44f N2 Φm.

............................ eq 2

from the above equations 1 and 2,

This is called the emf equation of transformer, which shows, emf / number of turns is same for both primary and
secondary
winding.
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CHAPTER-06
Short Questions
1. Define slip of three phase induction motor.
Ans : The slip of three phase induction motor is the ratio of slip speed ans synchronous speed.
%s=[(Ns-Nr)/Nr]*100
Its value is between 0 and 1.
2. Explain briefly about starting of induction motor using DOL starter.
Ans DOL

Starter

A DOL starter (or Direct On Line starter or across the line starter) is a method of starting of a 3
phase induction motor. In DOL Starter an induction motor is connected directly across its 3-phase
supply, and the DOL starter applies the full line voltage to the motor terminals. Despite this direct
connection, no harm is done to the motor. A DOL motor starter contains protection devices, and in
some cases, condition monitoring. A wiring diagram of a DOL starter is shown below:

Since the DOL starter connects the motor directly to the main supply line, the motor draws a very
high inrush current compared to the full load current of the motor (up to 5-8 times higher). The value
of this large current decreases as the motor reaches its rated spee
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