
EE3303  ELECTRICAL MACHINES I

Electromechanical energy conversion



CONTENTS

✔ Definitions and Laws Governing Magnetic Circuits

✔ Statically Induced Emf

✔ Dynamically Induced Emf

✔ Properties of Magnetic Materials

✔ Hysteresis Loop

✔ Hysteresis and Eddy Current Loss

✔ AC Excitation

✔ Energy Stored in Magnetic Field

✔ Magnetic Circuits



Laws of Magnetism



IMPORTANT DEFINITIONS

Magnetic Field : Region around the magnet where magnetic

influence is experienced.

Magnetic Lines of Force : Imaginary lines around the magnet.

Properties of Magnetic Lines of Force :

1. Travels from North to South pole.

2. Each line forms closed loop.

3. Lines never intersect.

4. Lines travel parallel to each other.

5. Lines always tries to contract in length.

6. Lines prefer the path with least opposition.



IMPORTANT DEFINITIONS
Magnetic Flux : Total number of lines of

force. Symbol is Φ. Unit is weber (W).

i.e, 1 weber = 10^8 lines of

force.

Magnetic Flux Density: Flux per unit area.

Denoted as B. Unit is weber/ square meter.

B= Φ / A (Wb/m^2)

Magnetic Field Intensity: Measure of

strengthness or weakness of the region around

the magnet.

(or) The force experienced by unit north

pole when placed in a magnetic field. Denoted

as H. Unit is ampere/ meter (A/m) or newton/

weber (N/Wb) or ampere turns per meter

(AT/m)

H= NI / L



IMPORTANT DEFINITIONS



S.No Electrical Circuit Magnetic Circuit

1

EMF: Force required for the

flow of electrons.

emf = iR (volt)

MMF: Force required for the 

flow of flux.

mmf = NI (or) mmf= SΦ (AT)

2

Resistance, R: Resistance 

offered to the flow of electrons 

or current.

R     (ohm or Ω)

Reluctance, S: Resistance 

offered to the flow of flux.

S(AT/Wb)

3

Conductance, G: Reciprocal 

of resistance.

G (mho or Ʊ)

Permeance, P: Reciprocal of 

reluctance.

P   (Wb/AT)



Rules and Laws

Right Hand Thumb Rule:

Anticlockwise Clockwise

Anticlockwise



Rules and Laws

Flemmings Right Hand Rule:

Flemmings Left Hand Rule:



Rules and Laws

Corkscrew Rule:

End Rule:

Anticlockwise

Clockwise



Rules and Laws

Faraday’s Law of Electromagnetic Induction:



ELECTROMAGNETIC INDUCTION

(Statically Induced Emf)

Definition: Emf induction in the coil without any physical movement.

Example  : Transformer

Principle  : Faraday’s law of electromagnetic induction



ELECTROMAGNETIC INDUCTION

(Dynamically Induced Emf)

Definition : Emf induction in the coil with physical movement.

Example : Generators and Motors

Principle : Faraday’s law of electromagnetic induction, Flemmings 

left hand rule

Direction of Dynamically Induced EMF:

1. Flemming’s right hand rule

2. Flemming’s left hand rule

3. Lenz’s Laws



ELECTROMAGNETIC INDUCTION

(Dynamically Induced Emf)
Magnitude of Dynamically Induced EMF:



CLASSIFICATION OF MAGNETIC MATERIALS

Magnetic Materials

Magnetic Materials Based

on Hysteresis Loop Area

Magnetic Materials Based

on Relative Permeability

Soft Magnetic

Materials

• High saturation

magnetization,

permeability,

resistivity,

susceptibility

• Low coercivity,

core loss

• Small hysteresis

area

• Transformers,

generators,

motors

• Ferrites, Alloys

of iron.

Hard Magnetic

Materials

• High saturation

magnetization.

• Low coercivity

and

susceptibility.

• Large hysteresis

area.

• High curie

temperature.

• Manufacture of

permanent

magnets.

• Alnico, Nickel,

Cobalt.



HYSTERESIS LOOP



HYSTERESIS LOOP



HYSTERESIS LOSS



EDDY CURRENT LOSS



ENERGY STORED IN MAGNETIC FIELD

By using the formula of self induced emf using Faraday’s law of

electromagnetic induction,

W



MAGNETIC CIRCUITS

Definition : Closed path traced by magnetic lines of force or flux



IMPORTANT TERMS IN MAGNETIC CIRCUITS



AC EXCITION IN MAGNETIC CIRCUITS



AC EXCITION IN MAGNETIC CIRCUITS



Thank You
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