
ZONE TECH Power System , Analog & UEP 1

Q.1(a) Write down the causes and effect of low power factor

[10 Marks]

Sol :

1. Causes of Low Power Factor:

• Induction motor is the most commonly used A.C. motor. It is used for a variety of purposes.
At full load a 3-phase induction motor operates at a power factor of around 0.8 lagging. The
power factor of single phase induction motors is about 0.6 lagging.

• The transformer draw a magnetising current from the system. This current is at a power
factor of zero lagging.

• Miscellaneous equipment like arc lamps. welding equipment etc. also contribute to low
power factor in the system.

2. Effects of Low power Factor:

• To meet the load requirement at a low power factor the capacity of power plant, transmission1
and distribution equipment has to be more than that which would be necessary if the load
were demanded  at unity power factor.

• For the same active power operation of an existing power system at a low power factor
means overloading the equipment .

• For the same active power, a low power factor means a greater current and hence higher
energy losses.

• Low power factor causes the voltage regulation to be poor.

Q.1(b) Differentiate between peak load and base load plants.

[20 Marks]

Sol.

The hydro-power plants are well suited for both base load as well as peak load operational plants.
The hydro power plants  should be employed for base load operations as far as possible

Pumped storage power plants may be used as a peak load power plants.

Steam power plants or thermal  power plants gives minnimum cost of genration per unit when
employed as base load plant.
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Nuclear power plants are suitable only for base load operation. Nuclear power plants have the
highest load factor of over 0.8 to 0.9.
Gas turbine power plants are best suited for peak load power plant operations.
Diesel engine power plants are generally will have higher operational costs and is uneconomical to
operate them continuously. Diesel plants are mostly operated as peak load

Peak Load

Intermediate Load

Base Load

Time of day

(a) In winter

Power Demand

Peak Load

Intermediate Load

Base Load

Time of day

(b) In summer

Power Demand

S. No. Base load plants Peak load plants

1.

2.

3.

4.

5.

6.

7.

These plants operate  on the base
portion of the load curve of the 
power system.

Plants with large storage can best be 
used as base load plants especially in 

rainy seasons. 

As these loads operate throughout the
year at approximately full capacity the
load factor of such plants is high. 

Base load plants have low operating 
cost.

The starting process of these plants is 
slow.

Capability of operating for longer 
period

Maintenance should be simpler and 
requires less time

These plants supply power to the 
system corresponding to the load at 
the top portion of the load curve.

Run-off river plants with pondage 
can be used for such purposes.

The load factor of such plant is 
relatively low as they operate only 
for a short period of the total 
operating time.

Peak load plant have high operating 
cost.

The starting process of these plants 
is quick.

Capability of operating for short 
period

Maintenance time is more.
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Q.1(c) Define the following:

[20 Marks]
(i) Diversity factor
(ii) Plant capacity factor
(iii) Plant use factor
(iv) Loss load factor

(i)

(ii)

(iii)

(iv)

Sol. (i) Diversity Factor: Diversity factor is defined as the ratio of the sum of individual maximum
demand to the simultaneous maximum demand of the whole group of consumers.

Diversity Factor = 
Sum of individual maximum demands

Simultaneous maximum demand of the consumers

(ii) Plant Capacity Factor: The plant capacity factor give an idea about the reserve capacity
requirements of a power station. It is defined as

Plant capacity factor = 
Acutal energy generated

Maximum energy that could have been generated during the period

(iii) Plant Use Factor : Another factor which affects the cost of energy is the plant use factor and is
defined as

Plant use factor = 
Annual energy generated

(Capacity of plant) × (No. of hours plant is actually in operation during the year)

(iv) Loss load factor:- It is defined as the ratio of actual loss during period to the loss assuming
maximum current to flow over the same period.

Loss load factor (G) = 
Actual loss (kWh) during a period

loss (KWh) assu min g maximum current to flow over the same period

Q.1(d) What is tariff? What are its objectives?
[10 Marks]

Sol. General Tariff Form: Quite a large number of tariffs have been proposed from time to time and are
in use. They are all derived from the following equation:
A   cx + dy + f
A   Total amount of bill for a certain period
x   Max. demand during the period (kW or kVA)
y   Total energy consumed during the period (kWh)
c   Unit charge for maximum demand, Rs. per kW (or Rs. per kVA)
d   Unit cost of energy, as per kWh
f   Constant charge Rs.
Thus, the total bill consists of three parts, one depending on maximum power demand, the second
depending on total energy consumed and third being a constant figure.
Objective of Tariffs: Electric utilities derive their income from customers through electricity bills.
Different methods of charging customers are known as tariffs. A tariff should fulfil the following
objectives:
1. Cost of capital investment in generation, transmission and distribution equipment must be recovered.
2. Cost of operation, supplies maintenance and losses must be recovered.
3. Cost of metering, billing, collection and miscellaneous services must be recovered.
4. A satisfactory net return on the capital investment must be ensured.
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Q-2(a)  Explain Skin Effect

[10 Marks]

Sol. Accumulation of current on the surface of conductor is called skin effect. If an A.C current passes
through the conductor the flux linkage of inner layer of conductor is more compare to outer layer.
So that inductance is more at centre of conductor which cause reduction in current in the centre
conductor and more current is passing on the surface of the conductor. Due to this effective area of
current flowing path reduces, which increases the resistance.
Skin effect depends upon :-
(i) Frequency
(ii) Relative permitivity of conductor.
(iii) Resistivity of conductor.
(iv) Size of conductor.
Skin effect is more in case of communication line, where the frequency is in Mega Hz. Compare to
the power line where frequency is 50Hz.

Q.2(b)  Derive the expression for voltage regulation of single phase short transmission line.
[20 Marks]

Sol. Phasor diagram :-
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Q.2(c) Compare EHV AC and HVDC  for an integrated power network.
[20 Marks]

EHV AC HVDC 

Sol: As compared to EHV AC, HVDC has following advantages and disadvantages.
Advantages:

1. HVDC systems are economical for long distance bulk power transmission by overhead lines
(reduced tower  costs).

2. There is greater power per conductor and simpler line construction.
3. Ground return is possible.
4. There is no charging current and skin effect.
5. The voltage regulation problem is much less serious for DC, since only the IR drop is involved (IX

= 0). For the same reason steady stability is no longer a major problem.
6. There is easy reversibility and controllability of power flow through a DC link.
7. The DC line is an asynchronous link and it can interconnect two rigid systems operating at different

frequencies.
8. Each conductor can be operated as an independent circuit.
9. Smaller amount of right of way and narrower tower are required.
10. AC line requires more insulation between the tower and conductors as well as greater clearance

above the earth as compared to DC line.
11. Line losses are smaller.
12. No reactive compensation of DC line is required.
13. Corona loss, radio interference and audible emissions are less as compared to AC.

Disadvantages
1. The systems are costly since installation of complicated converters and DC switchgear is expensive.
2. Converters require considerable reactive power.
3. Harmonics are generated which require filters.
4. Lack of HVDC circuit breakers hampers network operation.
5. There is nothing like DC transformers which can change the voltage level. Voltage transformation

has to be provided on the AC sides of the system.
6. Reactive power required by the load is to be supplied locally as no reactive power can be transmitted

over a DC link.
7. Pollution affects DC more than AC More frequency clearing of insulators is required.

Advantage of AC
1. Power can be generated at high voltage
2. Maintainance of AC sub station is easy and cheaper
3. AC voltage can be step up or step down by transformer this permit to transmit power at higher

voltage.
Disadvantage of AC Transmission

1. AC line require more copper than a DC line
2. Due to skin effect and proximity effect effective resistance of line is increased.
3. AC line has capacitance therefore there is continuous loss of power due to charging current
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Q-2(d)  What is Corona? Write the effect of corona.

[10 Marks]

Sol. When an alternating potential difference is applied across two conductors, whose spacing is large
in comparison with their diameters, then the atmospheric air surrounding the conductors is subjeced
to electro-static stresses. At low voltage there is no change in the condition of atmospheric air
around the conductors. However, when the potential difference is gradually increased, a stage
arrives when a faint luminous glow of violet colour appears together with a hissing noise. This
phenomenon is called "visual corona" and is accompanied by the production of ozone which is
readily detected because of its characteristic odour. The glow is due to the fact that the atmospheric
air around the conductor becomes conducting due to electro-static stresses. If the potential difference
is raised still further, the glow and the noise will increase in intensity until eventually a spark-over
owing to breakdown of air insulation will take place. The whole phenomenon- the hissing noise,
the violet glow, and production of ozone gas is known as the corona. This phenomenon is very
much evident in transmission lines of 100 kV and above.
The effects of corona are summarized as below.
(i) A violet glow is observed around the conductor.
(ii) It produces a hissing noise.
(iii) It produces ozone which can be readily detected by its characteristic odour.
(iv) The glow is maximum over rough and dirty surfaces of the conductor.
(v) It is accompanied by a power loss the wattmetter connected in the electric circuit will show a

reading.
(vi) The charging current under corona condition increases because the corona induces harmonic currents.

Q-3(a)  Explain different types of distribution systems with neat sketch.
[30 Marks]

Sol. Distribution systems may be classified in various ways as followed:
1. According to current, the distribution systems are two types:
(a) dc distribution system, (b) ac distribution system.
(a) dc distribution system:
(i) 2-wire dc distribution system: This system of distribution consists of two wires, one is the
positive and other is the negative wire.
This system is never used for transmission purpose due to low efficiency but may be employed for
distribution of dc power.

V

+

–

Load Load

(ii) 3-wire dc distribution system: This system consists of two outers and a middle or nuetral wire
which is earthed at the substation. The voltage between the outer is twice the voltage between
either outer and neutral wire

V

+

+

–

V

–

I  – I1 2

I2

Outer

Load

Load

Neutral
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This system is used for transmission purpose.

2. According to types of construction of distribution systems:

(a) Overhead (b) Underground

(a) The overhead system is generally employed for distribution as it is cheaper than underground
system.

(b) The underground system is used at places where overhead construction is impracticable.

3. According to the scheme of connection of distribution system

(a) Radial system (b) Parallel system

(c) Ring system (d) Interconnected system

(a) Radial system: In this system, separate feeder radiates from a substation and feed the distribution
at one end only.

Loads
Feeder

Transformer

~
This system is simplest, most economical and most commonly used one.

(b) Parallel system: In this system, two radial feeders originated from the same or different substations
are run in parallel. Each feeder, though cable of supplying the entire load, share the total load
equally in normal conditions.

Transformer

~
Feeder–1

Feeder–2

(c) Ring system: In this system, two or more radial feeders originating from the same or different
substations are laid on different routes of load areas.

Transformer

~

This system is most reliable for continuity of supply and gives better voltage regulation and less
power losses.

(d) Inter-connected system: When the feeder of ring main is energised from two or more than two
generating stations or substations it is called the interconnected system.

This system provides better reliability and flexibility and is employed is large metropolitan cities
where continuity of supply is the most important.

Transformer

~
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Q.3(b) Show that maximum stress in a single-core cable is 
e

2V

dlog D / d
. Where V is the operating voltage,

d and D are the conductor and sheath diameter.

[15 Marks]

e

2V

dlog D / d
V d D 

Sol.

• Gradient at a distance x

g 
q

2 x   E

where E is the electric field  intensity

x
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Sheath

Electric stress in a single core cable 

• Potential of the conductor with respect to sheath.
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Q-3(c)  Explain  High-Rupturing capacity (H.R.C.) cartridge fuse.

[15 Marks]

(H.R.C.) 

Sol. (i) High-Rupturing capacity (H.R.C.) cartridge fuse. The primary objection of low and uncertain
breaking capacity of semi-enclosed rewirable fuses is overcome in H.R.C. cartridge fuse. It consists
of a heat resisting ceramic body having metal end-cups to which is welded silver current-carrying
element. The space within the body surrounding the element is completely packed with a filling
powder The filling material may be chalk, plaster of paris. quartz or marble dust and acts as an arc
quenching and cooling medium.

Fuse link
contact

Outer element
Fuse element

Cartridge

Filling powder

Brass
end plate

Under normal load conditions, the fuse element is at a temperature below its melting point, so it
carries the normal current without overheating. When a fault occurs, the current increases and the
fuse element melts before the fault current reaches its first peak. The heat produced in the process
vapourises the melted silver element. The chemical reaction between the silver vapour and the
filling powder results in the formation of a high resistance substance which helps in quenching the
arc.

Advantages

(i) They are capable of clearing high as well as low fault currents.

(ii)They do not deteriorate with age.

(iii)They have high speed of operation.

(iv)They provide reliable discrimination.

(v)They require no maintenance.

(vi)They are cheaper than other circuit interrupting devices of equal breaking capacity.

(vii)They permit consistent performance.

Disadvantages

(i)They have to be replaced after each operation.

(ii)Heat produced by the arc may affect the associated switches.
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Q.4(a) What are different turn-on methods of SCR?

[20 Marks]

SCR 

Sol. Following Turn-on Methods are used for SCR.
• Forward voltage triggering: It is not partically possible to increase the voltage upto V

BO
 moreover

higher voltage may damage SCR. So it is never employed in SCR.

+–100 V Load

• Temperature Triggering: In forward bias, Junction J
1
 and J

3
 are forward and J

2
 is in reverse bias,

a depletion region around J
2
 is developed. When temperature of J

2
 is increased the depletion

region is reduced and thermal runway of the transistor is associates. As a result of cumulative
process leakage current may become very-very high and Junction J

2
 may break.

This method is undesired triggering or false triggering. So SCR needs protection provided by
removing heat.

• Gate triggering: In forward blocking mode, if positive I
g
 i.e. from Gate to cathode is made to

flow hole are moving from G to K while electron from K to G because outer layer is highly
doped in comparison with inner Junction. So gate current mainly consists of electron. Some of
the electron enter the depletion region of p-layer, hence width of depletion region get reduced
and Junction J

2
 break at lesser voltage. Higher will be I

g
 more will be the electron entering in

depletion region.

X

Y

Z

VEO

Va

Fo
rw

ar
d

 B
re

ak
in

g 
V

ol
ta

ge
 

a Ig1 Ig1
Ig1 Gate current, Ig0

Variation of forward breakover voltage with gate current

Lesser will be the required breakover voltage for conduction. Once SCR is ON, anode current
starts flowing and charge carrier start crossing J

2
, SCR will remain in conduction even after gate

signal is removed.
• Light triggering: For light triggering SCRs, a recess (or niche) is made in the inner p-layer.

Due to the photo volatic effect when a light of particular frequency is incident the electron are
emitted and hence enter the depletion region, like a gate triggered.
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Q.4(b) What are the different configurations of an NPN transistor? Explain each in brief with neat and

labeled  circuit diagram.

[20 Marks]

NPN 

Solution:

An NPN type BJT.

A Bipolar NPN Transistor Configuration:

 The terminology used for denoting the three basic transistor configurations indicates the transistor
terminal that is common to both input and output circuits. This gives rise to the three terms: common
base, common collector and common emitter.

 The term grounded, ie. grounded base, grounded collector and grounded emitter may also be
used on occasions because the common element signal is normally grounded.

 The three different transistor configurations are:

Common base: This transistor configuration provides a low input impedance while offering a high
output impedance. Although the voltage is high, the current gain is low and the overall power gain
is also low when compared to the other transistor configurations available. The other salient feature
of this configuration is that the input and output are in phase.

IC
IE

n p n

B

IB

VEE VCC

+–+–

In the active region the base emitter junction is forward biased, where as the collector base junction
is reverse biased. As can be seen from the diagram, in this transistor configuration, the base
electrode is common to both input and output circuits.

Common collector: This transistor configuration is also known as the emitter follower because the
emitter voltage follows that of the base. Offering a high input impedance and a low output impedance
it is widely used as a buffer. The voltage gain is unity, although current gain is high. The input and
output signals are in phase. As can be seen from the diagram, in this transistor configuration, the
collector electrode is common to both input and output circuits.
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VEE

VBB
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Common emitter: This transistor configuration is probably the most widely used. The circuit
provides a medium input and output impedance levels. Both current and voltage gain can be
described as medium, but the output is the inverse of the input, i.e. 180° phase change. this provides
a good overall performance and as such it is often thought of as the most widely used configuration.

IB

IC

VCC

VBB

+

–

+

–

E

B

n

p

n

IE

C

In active region of a common emitter amplifier, the base emitter junction is forward biased, where
as collector base junction is reverse biased. As can seen from the diagram, in this transistor
configuration, the emitter electrode is common to both input and output circuit.

Q.4(c) Explain suburban service as compared with urban service.

[20 Marks]

Sol. There are three types of passangar service.

1. City or urban service.

In this case, there are frequent stop the distance between stops being nearly 1 km or less. Hence,
high acceleration and retardation are essential to achieve moderately high schedule speed between
the station.

2. Suburban service.

In this case, the distance between stops averages from 3 to 5 km over a distance of 25 to 30 km from
the city. Hence also high rate of acceleration and retardation are necessary.

3. Main line service:

It involve over long route where stops are in frequent. Hence operating speed is high and accelerating
and braking periods are relatively unimportant.

A

B C

D

t2
t3 t4t1

Speed

time 

t5tO
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Speed/time curve for different  service :-
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fig. urban service

• There is no possibility of free running period  through a short coasting period.

Speed

A

B

C

D
time 

fig. suburban service

• There is no free running period but there is comparatively longer coasting period because of longer
distance between stops.

B

A

C

D

E
time

Speed 

Fig. Main line service

• There are long period of free running at high speed.
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Q.5 (a) Name the different types of domestic wiring and compare their performance briefly.

[20 Marks]
Sol. Different type of wiring:

Cleat Wiring: In this system of internal wiring, the cable (either VIR or PVC type) are held by
porcelain cleats about 6 mm above the walls or ceilings. It is cheapest system of internal wiring. Its
installation and dismantlement is easy and quick.

Cleat Wiring

This type is very suitable for temporary installations in dry places. This is also accepted where
appearance is not so important and cheapness is the main consideration. This system is not suitable
for use in domestic premises.
Wooden Casing and Capping Wiring: The cables in this type of wiring (either VIR or PVC or any
other approved insulated cables) are carried through the wooden casing enclosures. This type of
wiring is cheaper in cost as compared to lead sheathed and circuit wiring system, easy to install and
rewire, free from trouble of condensation, easy to inspect and provides good insulation. It is not
damp-proof and there is a risk of fire. Labour cost is also more. This type of wiring is suitable for
low voltage domestic installations in dry places and where there is no risk of fire hazard.
CTS or TRS Wiring: In this type of wiring the cables used may be single core, twin-core or three-
core TRS cables with a circular oval shape usually single core cable are preferred. TRS cables are
sufficiently chemical proof, water proof, steam proof but are slightly affected by lubricating oils.This
type of wiring is fire proof within certain limit, cheaper than other wiring except cleat wiring.
Lead Sheated Wiring: This type of wiring employs conductors insulated with VIR and is covered
with an outer sheath of lead aluminium alloy containing about 95% lead this metal sheath gives
protection to the cable from mechanical injury, dampness and atmospheric corrosion. This wiring is
suitable for low voltage (upto 250 V) installations. It should not be used in place where chemical
corrosion may occur.
Conduit Wiring: In this wiring steel tubes known as conduit are installed on the surface of walls
by means of saddles or pipe hooks or buried under plaster and VIR or PVC cables are drawn into
afterwards by means of a GI wire. Conduit wiring system is waterproof, fireproof, shockproof if
earthing and bounding is properly done provides protection against mechanical damage and has
longer life.

Q.5(b) A fault current of 2000 A is passing on the primary side of a 400/5 C.T. ,on the secondary side of
the C.T. an inverse-time over current relay is connected whose plug setting is set at 50%. The
plug setting multiplier will be

[10 Marks]

2000 A 400/5 C.T over current 

50% 

Solution:
The pick up value of the relay is 5 Amps but since the relay setting is 50%, therefore, the operating
current of the relay is,

50
5

100
 = 2.5 Amp.

The plug setting multiplier of the relay is,
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PSM = 
Secondary current

Relay current setting
= 

Pr imary current (fault current)

Relay current setting × C.T. ratio

         = 
2000

10
2.5 80




Q.5(c) Draw a labelled schematic diagram of a typical thermal power station. How do you compare
thermal plants with hydro electric plants from the economic point of view?

[30 Marks]

Sol: Schematic Diagram of a Typical Steam Power Station:
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 High Pressure Turbine
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 Low Pressure Turbine

 High Pressure Heater

 Low Pressure Heater



ZONE TECH Power System , Analog & UEP 16

Comparision of steam power plant with hydroelectric power plant.

Q.6(a) Discuss the various types of transmission lines.

[15 Marks]

Solution:

Types of Transmission Lines.

1. Short transmission line

2. Medium transmission line

3. Long transimission line

1. Short transmission line: The length of transmission line is lesser than 80 km and operating
voltage lower than 20 kV. And product of operating frequency and length of transmission line is
less than 4000.

i.e.      l.f < 4000 (for 50 Hz operation)

2. Medium transmission line: The length of transmission line is between 80 km and 200 km and
line voltage between 20 kV and 100 kV product operating frequency, and length of transmission
line is

i.e.     4000 < l.f < 10000 (for 50 Hz operation)

3. Long transmission line: The length of transmission line above 200 km and line voltage above
100 kV. Product of operating frequency and length of frequency line is above 10000.

i.e.        l.f. > 10000 (for 50 Hz operation)

In these lines impedance and admittance are to be considered uniformly distributed.
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Q-6(b) Discuss the merits and demerits of a vacuum circuit breaker for low voltage applications.

[15 Marks]

Sol: Merits of a Vacuum circuit breaker:

1. Because of the short gap and excellent recovery characteristics of vacuum breakers, they can be
used where the switching frequency is high and required to be reliable.

2. For low fault interrupting capacities the cost is low as compared to other interrupting devices.

3. The vacuum switches can be used for capacitor switching which is a very difficult task using oil
circuit breakers.

4. They can be used along with static over current relays and gives an overall clearance time of less
than 40 m-sec on phase-to-phase fault.

5. They can interrupt any current (fault). The outstanding feature of a VCB is that it can break any
heavy fault current perfectly just before the contacts reach the definite open position.

6. Less maintenance requirement.

7. Better than air or oil C.B. when voltages are high and current to be interrupted is less.

Demertis:

Contacts get roughened after use and thus dielectric strength decreases.

Cost is higher than SF
6
 circuit breakers.

Q.6(c) What are magnetic materials? Give classification of magnetic materials and name some materials
in each class.

[30 Marks]

Sol. Magnetic materials: A material which can be magnetized are called magnetic materials. Materials
that can be either altered or repelled when placed in an external magnetic field and can be magnetized
themselves. All materials show some magnetic effect. In many materials the effect are so weak that
the materials are often considered to be nonmagnetic. Magnetic properties of materials depends on
the magnetic dipole moments.

The magnetic response of a material is largely determined by the magnetic dipole moment associated
with the intrinsic angular momentum, or spin, of its electrons.

Classification of magnetic material a material possesses magnetic properties on the basis of

1. Motion of charges

2. Permanent magnetic dipoles or moments of the atom or electrons.

On the basis of permanent dipole moment orientation. The magnetic materials are classified into
five categories:

1. Diagmagnetic

2. Paramagnetic

3. Ferromagnetic

4. Antiferromagnetic

5. Ferrimagnetic

Diamagnetic material: Materials which lack permanent magnetic dipoles are called diamagnetic. It
possess a very weak form of magnetism call as diamagnetism. The magnitude of the induced magnetic
moment is extremely small and in the direction opposite to that of the applied field.
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Diamagnetism has its origin in the circulating charges in the orbit and hence all the materials exhibit
diamagnetism. These materials does not have permanent dipole moment.

m m orb m , spin    
  

  0

For these materials, magnetic susceptibility (x
m

) is negative and independent of the external magnetic
field and of temperature.

Arrangement of magnetic dipole moments: There is no arrangement as it has not permanent dipole
moment.

Permanent dipole moment is present however the value is small, m of these materials is positive

but small (of the order of 10-3)

m m orb m spin 0    
  

(but small)

The effect of an increase in temperature is to increase in randomness, therefore decreases the

susceptibility ( m ).

Examples: Atoms of solid having closed shells and some metals Au, Ge etc.

2. Paramagnetic materials: Materials which possess permanent magnetic dipoles associated with
the atoms and the interaction between the atomic permanent dipoles moment is zero or negligible.
For some solid materials each atom possesses a permanent dipole moment by virtue of incomplete
cancellation of electron spin and or orbital magnetic moments. In the absence of an external magnetic
field, the orientations of these atomic magnetic moments are random, such that a piece of material
possessess no net macroscopic magnetization. These atomic dipoles are free to rotate and
paramagnetism results when they preferentially align, by rotation, with an external field.

Examples: Atoms possessing odd number of electrons, ionic crystals etc.

Arrangement of dipole moments:

3. Ferromagnetic Materials: If the dipole interact in such a manner that they tend to lineup in
parallel, the material will be ferromagnetic. There is a strong magnetic field. Among the elements
ferromagnetism occurs in Fe, CO, Ni and Gd.

In a ferromagnetic material magnetization arises spontaneously i.e. in the absence of external
magnetic field. For a given ferromagnetic material, this spontaneous magnetization can occurs only
below a certain critical temperature.

Properties of ferromagentic materials:

• Ferromagnetic materials possess very high susceptibilities and very high relative permeability

• They conduct magnetic flux, magnetization of these materials is not a linear function of applied
field

• Ferromagnetic property is exhibited only in crystals that too below curie temperature

• If a ferromagnetic material is heated above curie temperature, it loses its ferromagnetism and
becomes paramagnetic

• Magnetization in the ferromagnetic crystals is an isotropic and depends on the direction in the
crystal

• These materials exhibit hysteresis when they are subjected to cyclic magnetization and
demagnetization

• In these materials, electron spins are mutually parallel.
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Examples: Iron, Cobalt, Nickel,  Gadolinium

Application: These type of materials are used extensively in making transformer core of high
permeability and low hysteresis loss.

• Highly suited for use as permanent magnets for use in Loud speakers - Hard ferromagnetic
materials.

• For users involving changing magnetic flux as in electromagnets, electric motors, generators -
soft ferromagnetic materials.

• In magnetic screening.

Arrangement of dipole moments:

Antiferromagnetic materials: These materials have antiparallel alignment of magnetic dipole
moments of adjacent atoms. These materials shows paramagnetism above a certain temperature
called Neel Temperature.

Examples: Salt and oxides of transition metals e.g. NiO
3
 MnF

2
.

Arrangement of dipole moments:

Ferromagnetic materials: These materials have antiparallel alignment of magnetic dipole moments
of adjacent atoms but the magnetic dipole moment in one direction is more than in another direction
so  these materials shows magnetization in one direction and these materials shows paramagnetism
above at certain temperature called Curie temperature.

Examples: Ferrites e.g. Fe
3
O

4
.

Applications:

• Microwave applications - ferrites and garnets

• Data storage - rectangular loop ferrites

• Ferrites for transformers and inductors - soft ferrites

• Ferrites for permanent magnets - Hard ferrites


