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Introduction to Magnetism 

 



Magnetism is virtually universal.  

 Coherent magnetic fields have been found at the scale of the galaxies and cluster 

of galaxies. (1-3 G) 

 Earth's magnetic field has a strength of about 1 G and reverses itself with an 

average period of about 2105 years.  

 Magnetic nanoparticles are found in some rocks and can be used to determine the 

earth's magnetic field (strength and direction) in the past.  

 Magnetotactic bacteria have nanometer-sized magnets, which they use for 

alignment with the earth's magnetic field.  

 Many birds (e.g. the homing pigeon) and other living creatures have clusters of 

nanoparticles (~2-4 nm in the pigeon) in their beak area, which helps them with 

their homing ability.  

Introduction to Magnetism 

 Highest continuous magnetic field obtained is about 45 T (45104G). 

 Mega-Gauss have been obtained in Femto-seconds. 

 Magnetars: 1011 T. (Earth is 1000 larger than a typical neutron star). 



 If a loop of area A is carrying a current I, the intrinsic intensity of the magnetic field is 

given by the magnetic moment vector (m or ) directed from the north pole to the south 

pole; such that the magnitude of m is given by: m = IA (units: [Am2]).  

 The magnetic moment is the measure of the strength of the magnet and is the ability to 

produce (and be affected by) a magnetic field.  

Macroscopic

(Charge currents)

Origin of Magnetism

Microscopic

(Atomic scale)

 Magnetic Moment Vector (m or ). |m| = IA, Units: [Am
2
] or 

equivalently [Joule/Tesla]. 

Measure of the strength of the magnet. 

 Magnetic field strength/Magnetizing force (H). Units: [A/m] 

Measure of the strength of the externally applied field. 

Important quantities in magnetism 



 Magnetization (M) = magnetic moment (m) per unit volume (V). Units: [A/m] 

m
M

V
   

M measures the materials response to the applied field H (of course we know from 

our experience with permanent magnets that M can exist even if H is removed). M is 

the magnetization induced by the applied external field H. 

  = magnetic moment per unit mass = m/mass. Units: [Am
2
/kg] 

 Magnetic induction/Magnetic flux density (B) = Magnetic flux per unit area. Units: 

[Tesla = Weber/m
2
 = Vs/m

2
 = Kg/s

2
/A] 

B is the magnetic flux density inside the material. 

 B = 0 (H + M)   (0 is the magnetic permeability of vacuum 

= H/m = Wb/A/m = mKg/s
2
A

2
) 



 Permeability ().Units: [dimensionless]  
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 Magnetic susceptibility (). (volume susceptibility) Units: [dimensionless] 
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 (the symbol v is also used to emphasize that the quantity is per unit 

volume).  

m (mass susceptibility) and M (molar susceptibility) are also used. Susceptibility is 

a better quantity compared to permeability to get a 'feel' and 'physical picture' of the 

type of magnetism involved (as we will see later). Susceptibility is actually a second 

order tensor and should be written as ij. 

 Energy of a magnetic moment (E) 

E = m∙B (scalar dot product) 

 Magnetic anisotropy 

Anisotropy means that various directions in the crystals are non-equivalent with 

respect magnetization (M) and this implies that M may not be in the same direction 

of the applied field. There are many contributions to this anisotropy as we shall see 

later, crystalline (magneto-crystalline) anisotropy being the prominent one. 



Thank You 


