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Unit – 5
Magnetism 

&
Electromagnetism
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Topics

• Compare magnetic circuit with electric circuit

• Apply laws of electromagnetism to determine direction of flux, magnetic

force, induced emf, flux density and field strength

• State Faraday’s laws of electromagnetic induction, Flemings right- and

left-hand rule and Lenz’s law

• Compute equivalent inductance in various series-parallel combinations

• State applications of the given type of inductor

• Calculate the energy stored in the given inductor
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Magnet & Magnetic Materials

Magnet :

A substance that attracts pieces of

iron and steel is called magnet

Magnetism :

Property of a magnet is called

magnetism
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Magnet & Magnetic Materials
Magnetic Material :

Those substance which are
attracted by magnet are called
magnetic materials

• Iron, steel, nickel, cobalt

Non-Magnetic Material :

Substance which do not exhibit
magnetic properties are known
as non-magnetic materials

• Wood, Copper, Rubber

Iron Steel

Nickel Cobalt

Wood Copper Rubberwww.vishaldevdhar.org
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Type of Magnets
Permanent Magnet :

Materials when magnetize retain their magnetic property indefinitely are  
called Permanent magnets.

• Hardened steel, cobalt steel, tungsten steel

• No exciting coil needed

• Not controllable

Temporary (Electro) Magnet :

Materials which do not retain their magnetizing property when 
magnetization is removed are called temporary magnets.

• Iron, soft steel, nickel

• Controllable
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Poles of a Magnet

The end of a bar magnet are known as

poles of a magnet:

• The poles of a magnet are not separated

• The poles of a magnet are of equal

strength m

• Like pole repel other & unlike pole

attract each other
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Laws of Magnetic Force

Charles Coulomb’s Laws of Magnetic Force:

• First Law

Like pole repel other & unlike pole attract

each other.
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Laws of Magnetic Force

Charles Coulomb’s Laws of Magnetic Force:

• Second Law

The force between two magnetic poles is

directly proportional to the product of their

pole strength and inversely proportional to

the square of distance between their centers.

𝑭 ∝
𝒎𝟏𝒎𝟐

𝒅𝟐
, 𝑭 = 𝑲

𝒎𝟏𝒎𝟐

𝒅𝟐

𝑲 =
𝟏

𝟒𝝅𝝁𝟎𝝁𝒓

𝝁𝟎 = 𝑨𝒃𝒔𝒐𝒍𝒖𝒕𝒆 𝒑𝒆𝒓𝒎𝒆𝒂𝒃𝒊𝒍𝒊𝒕𝒚 𝒐𝒇 𝑨𝒊𝒓 𝒐𝒓 𝑽𝒂𝒄𝒄𝒖𝒎

𝝁𝒓 = 𝑹𝒆𝒍𝒂𝒕𝒊𝒗𝒆 𝒑𝒆𝒓𝒎𝒆𝒂𝒃𝒊𝒍𝒊𝒕𝒚 𝒐𝒇 𝒔𝒖𝒓𝒓𝒐𝒖𝒏𝒅𝒊𝒏𝒈𝒎𝒆𝒅𝒊𝒖𝒎

𝝁𝟎 = 𝟒𝝅 × 𝟏𝟎−𝟕 𝑯/𝒎
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Magnetic Field

• The space in which a magnetic pole

experience a force is called a magnetic

field.

• The magnetic field around a magnet is

represented by imaginary lines called

magnetic lines of force.

• The magnetic field is a vector quantity, it

has magnitude & direction.
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Properties of Magnetic Field Lines

• Magnetic field lines of a bar magnet starts from North(N) pole and reach

to South(S) pole, inside the magnet each line of force passes from S-pole

to N-pole.

• Magnetic field lines forms a close loop.

• Magnetic field lines do not intersect each other.

• The portion of the curve within the magnetic material is called line of

induction.
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Magnetic Flux (∅)

• The amount of magnetic field produced by a

magnetic source is called Magnetic Flux.

• To identify magnetic field quantitatively the

term magnetic flux is used.

• Symbol = ∅

• Unit = Weber

• 𝟏𝐖𝐛 = 𝟏𝟎𝟖 𝒍𝒊𝒏𝒆𝒔
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Magnetic Flux Density (B)

• Magnetic flux passing per unit area through any material through a

plane right angles to the direction of flux.

• Symbol = 𝐁

• 𝑩 =
∅

𝑨

• Unit =𝐖𝐛/𝐦𝟐

• ∅ = 𝐟𝐥𝐮𝐱 𝐢𝐧𝐖𝐛

• A=area in𝐦𝟐 normal to flux

∅ = 𝐁 𝐀 sin𝜽 𝐖𝐛

∅ = 𝐁 𝐀 𝐖𝐛
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Magnetic Field Intensity/Strength (H)

• Magnetic field intensity at a point in a magnetic field is the force acting

on a unit n-pole placed at the point.

• The magnetic field Intensity is a vector quantity, it has magnitude &

direction.

• Symbol = H

• Unit = Newtons/Weber

• 𝐇 =
𝒎×𝟏

𝟒 𝝅 𝝁𝟎𝒅
𝟐 =

𝒎

𝟒 𝝅 𝝁𝟎𝒅
𝟐 N/Wb

• Force acting on pole, F = m H Newtons

m P

d

www.vishaldevdhar.org

http://www.vishaldevdhar.org/


Permeability (µ)

• Permeability of a material is the conductivity

for magnetic flux of that material

• Absolute permeability µ0 of air/vacuum is

4π×10-7 H/m

• The absolute permeability of magnetic

material is grater than µ0

• The ratio µ/µ0 is called relative permeability
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Relation between B & H

• The flux density B produced in a

material is directly proportional

to the applied magnetizing force H

• Relative Permeability (𝝁𝒓 ) of a

material is the ratio of flux density

produced in that material to the

flux density produced in air by the

same magnetizing force.

𝑩 ∝ 𝑯

𝑩 = 𝝁𝑯

𝑩 = 𝝁𝟎𝝁𝒓𝑯

𝑩 = 𝝁𝟎𝑯

𝑩𝒎𝒂𝒕

𝑩𝟎
=

𝝁𝟎𝝁𝒓𝑯

𝝁𝟎𝑯
= 𝝁𝒓
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Relative Permeability (µr)

• Permeability of a material is the conductivity

for magnetic flux of that material

• Absolute permeability µ0 of air/vacuum is

4π×10-7 H/m

• The absolute permeability of magnetic

material is grater than µ0

• The ratio µ/µ0 is called relative permeability
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Magnet & Magnetic Material

• Substance that attracts the piece of iron and steel is called a magnet and

the property of the material is known as magnetism.

• The substances which are attracted by magnets are called magnetic

materials.
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Types of Magnetic Materials

• Diamagnetic - Copper, Zinc, Bismuth

• Substances that are weakly magnetised in the

direction opposite to that of applied field are

called diamagnetic materials.

• Weakly repelled by strong magnet.

• Paramagnetic – Aluminum, Antimony, Oxygen

• Substances weakly magnetised in the direction of

the applied field are known as magnetic materials.

• Weakly attracted by a strong magnet.
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Types of Magnetic Materials

• Ferromagnetic – Iron, Cobalt, Nickel

• Substances that are strongly magnetised in the direction of the applied magnetic field

are known as ferromagnetic materials.

• Strongly attracted by a magnet.

www.vishaldevdhar.org

http://www.vishaldevdhar.org/


References
Basic Electrical Engineering

by 

V. K. Mehta

www.vishaldevdhar.org

http://www.vishaldevdhar.org/


Thank You

www.vishaldevdhar.org

http://www.vishaldevdhar.org/

