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Electromagnetic system is an important element of all rotating electric
machinery and static devices like transformer.

Role is to create & control electromagnetic fields for electromechanical
energy conversion (EMEC) process.

EMEC happens with the help of magnetic field as a coupling medium.

The closed path followed by the magnetic flux is called a magnetic circuit.

Made up of materials having high permeability such as iron, soft steel etc.



Magnetic Energy Circuit

Name of the Faculty: Dr. Sheetla Prasad Program Name:  B.Tech. Electrical Engineering

Electromagnetic system
Ferromagnetic core

Exciting coil

Coil has N turns

Coil carries a current of I amps

Magnetic field established

Magnetic flux flows through the
core

Small flux leaks through air
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The magnetic field intensity produced in the core is H and from ampere circuital law,

ර𝐻. 𝑑𝑙 = 𝑁 𝐼

𝐻. 𝑙 = 𝑁 𝐼

𝐻 =
𝑁 𝐼

𝑙
ൗ𝐴𝑇
𝑚 −−−−−−1

Magnetic field intensity H causes a flux density B to be set up in the magnetic core. It
is given by,

𝐵 = 𝜇 𝐻 −−−−−−2
𝐵 = 𝜇0𝜇𝑟𝐻
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Sub equation 1 in equation 2,

𝐵 = 𝜇
𝑁 𝐼

𝑙
−−−−−3

Flux flowing through the core is given by,

𝜙 = 𝐵 . 𝐴 −−−− −4

Where B is the average flux density and A is the area of cross section of the core.

Substituting equation 3 in equation 4, we get,

𝜙 = 𝜇
𝑁 𝐼

𝑙
𝐴

𝜙 =
𝑁 𝐼

ൗ𝑙 𝜇. 𝐴

=
𝑁 𝐼

ℛ
=

ℱ

ℛ
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Magnetic Circuit and Electric Circuit
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Comparison of Magnetic and Electric Circuits

Magnetic Circuit Electric Circuit

Hopkinson’s Law ϕ =
ℱ

ℛ
Ohm’s Law 𝐼 =

𝑉

𝑅

Reluctance, ℛ =
𝓁

μ. Α
Resistance, R =

𝓁

σ. A

Flux (ϕ) Current (I)

MMF (ℱ) EMF (V)

Permeability (μ) Conductivity (σ)

Permeance (𝒫) Conductance (G)



Magnetic Energy Circuit

Name of the Faculty: Dr. Sheetla Prasad Program Name:  B.Tech. Electrical Engineering

Direction of Current in a Conductor

• No current through the conductor.

• Conductor carries current away from the reader.

• Conductor carries current towards the reader.
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Right Hand Rule
The direction of magnetic flux is found by using right hand rule.

Rule says that if one holds the conductor in such a way that the thumb points in the

direction of current, then the closed fingers give the direction of flux produced.
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Faradays Law

Whenever there is a variation of magnetic flux linking with a coil, an EMF is induced

in that coil.

The magnitude of this EMF is proportional to the rate of change of flux linkages.

𝐼𝑛𝑑𝑢𝑐𝑒𝑑 𝐸𝑀𝐹, 𝑒 = − 𝑁
𝑑𝜙

𝑑𝑡
= −

𝑑𝜆

𝑑𝑡
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Lenz’s Law
Lenz’s law states that the induced EMF in a coil will induce a current whose

direction is such that it opposes the cause producing the EMF.
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Given Data
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Air-gap and three sections form a series magnetic circuit.

Flux in the air-gap is same as that of the three sections.

Hence total mmf is the sum of mmf for each part of the magnetic circuit.
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Solution
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The magnetic circuit has dimensions: AC = 4 X 4 cm
2, lg = 0.06 cm, lc =

40 cm and N = 600 turns. Assume the value of µr = 6000 for iron.
Find the exciting current for BC = 1.2 T and the corresponding flux
and flux linkages.
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Solution
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A wrought iron bar 30 cm long and 2 cm in diameter is bent into a circular shape as

shown in figure below. It is then wound with 600 turns of wire. Calculate the current

required to produce a flux of 0.5 mWb in the magnetic circuit in the following cases:

(i) no air – gap

(ii) with an air-gap of 1 mm

(µr of iron = 4000)
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(i) No Air-Gap
𝑵. 𝒊 = 𝑯𝒄𝒍𝒄

𝑵. 𝒊 =
𝑩

𝝁𝟎𝝁𝒓
𝒍𝒄

𝑵. 𝒊 =
𝝓. 𝒍𝒄

𝑨. 𝝁𝟎. 𝝁𝒓

𝒊 =
𝝓. 𝒍𝒄

𝑵.𝑨. 𝝁𝟎. 𝝁𝒓

𝒊 =
𝟎. 𝟓 × 𝟏𝟎−𝟑 × 𝟑𝟎 × 𝟏𝟎−𝟐

𝟔𝟎𝟎.𝝅. 𝟏 × 𝟏𝟎−𝟐 𝟐 𝟒𝝅 × 𝟏𝟎−𝟕 × 𝟒𝟎𝟎𝟎

𝒊 = 𝟎. 𝟏𝟓𝟖 𝑨
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(ii) With Air-Gap

𝑵. 𝒊 = 𝑯𝒄𝒍𝒄 +𝑯𝒈𝒍𝒈

𝑵. 𝒊 =
𝑩

𝝁𝟎𝝁𝒓
𝒍𝒄 +

𝑩

𝝁𝟎
𝒍𝒈

𝑵. 𝒊 =
𝑩

𝝁𝟎

𝒍𝒄
𝝁𝒓

+ 𝒍𝒈

𝑵. 𝒊 =
𝝓

𝑨. 𝝁𝟎

𝒍𝒄
𝝁𝒓

+ 𝒍𝒈

𝑖 =
𝜙

𝑁.𝐴. 𝜇0

𝑙𝑐
𝜇𝑟

+ 𝑙𝑔

𝑖 =
0.5 × 10−3

600. 𝜋. 1 × 10−2 2 4𝜋 × 10−7
30 × 10−2

4000
+ 1 × 10−3

𝒊 = 𝟐. 𝟐 𝑨
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The magnetic circuit shown below has steel core with dimensions as shown.

Mean length from A to B through either outer limb = 0.5 m

Mean length from A to B through central limb = 0.2 m

It is required to establish a flux of 0.75 mWb in the air-gap of the central limb.
Determine the mmf of the exciting coil if the core material has

𝒂 𝝁𝒓= ∞ 𝒃 𝝁𝒓= 𝟓𝟎𝟎𝟎

Neglect fringing.
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𝒂 𝝁𝒓= ∞
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𝒂 𝝁𝒓= ∞
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𝒃 𝝁𝒓= 𝟓𝟎𝟎𝟎
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Analogy of a magnetic circuit

Significant of magnetic reluctance

Its components and analogy with electrical circuit

Faraday’s law and Lenz law

Right hand rule

Summary


