
Part IV Magnetic Properties of Materials 
 

 Chap. 14 Foundations of Magnetism 

 Chap. 15 Magnetic Phenomena and Their 

                             Interpretation- Classical Approach 

 Chap. 16 Quantum Mechanical Considerations 

            Chap. 17 Applications 



14.1 Introduction 

The magnetic rocks is lodestone which is the naturally  
occurring mineral magnetite, Fe3O4 
 
How do lodestones become magnetic? 
Lodestones are rich in magnetite, an iron oxide mineral. 
Lightning with a typical current of 1,000,000 Amps creates a 
magnetic field large enough to saturate the magnetization of 
nearby lodestone outcrops. This is a rare event- on average 
lightning strikes that close to any point on the Earths surface 
happens once in 1-10 million years. 
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F = Force between two poles 

p1,p2 = pole strength 

d = distance between two poles 

Propotionality constant = 1 

pHF =

H = Field strength or field intensity 

Propotionality constant = 1 

Field of unit strength is one which exerts a force of one dyne on a unit pole. 

2d
pH = 1 Oe = 1 Line of force/cm2 = 1 maxwell/cm2 

14.2 Basic Concepts in Magnetism 

14.2.1 Magnetic Poles  
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Moment of this couple :  

 

 

 

When H = 1 Oe and θ = 90°, the moment is given by 
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Hm ⋅−=pE   ( Vector Form ) 

(Ep = potential energy) 

14.2.2 Magnetic Moment 
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M = intensity of magnetization or magnetization 

v = volume of the magnet 

a = cross-sectional area of the magnet 

p = pole strength 

l = interpolar distance 
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σ = specific magnetization  

w = mass of magnet 

ρ = density of magnet 

( A few writers use the abbreviation “emu” to mean regs/oersted cm3 . Then M is in emu 
and σ in emu- cm3/g) 

14.2.3 Intensity of magnetization 
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If r is large compared to l, this expression becomes 
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14.2.4 Magnetic dipoles 
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Outside the wire :  

 

 

Inside the wire : 
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i = current in 
ampreres 

r = distance 

r0 = wire radius 

Field at the center along the axis :  
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Magnetic moment :  

A = area of the loop in cm2 

14.2.5 Magnetic effects of currents 

14.2 Basic Concepts in Magnetism 



Field at the center along the axis :  
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 (solenoid) nAim =

Magnetic moment :  

n = number of turns 

L = length of the winding in cm 
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HA=φ    = flux 

H = field (maxwell/cm2) 

A = cross-sectional area of the ring (cm2) 

φ

φ   (observed)     <           (current), diamagnetic ( for example, Cu, He ) 

   (observed)     >           (current), paramagnetic ( for example, Na Al ) 

                                                 or antiferromagnetic ( for example, MnO, FeO ) 

   (observed)     ≫          (current), ferromagnetic ( for example, Fe, Co, Ni ) 

                                                 or ferrimagnetic ( for example, Fe3O4 ) 
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14.2.6 Varieties of magnetism 
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Total pole strength on this ring :  
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Since P is very near the face of the gap, the total force is obtained by integrating from θ = 0 to             
= 2/π MdMF πθθπ
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The other face of the gap, covered with south poles, exerts an equal force in the same direction. 
Therefore, The force due to the poles on the gap surfaces is  
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The magnetic properties of a material are characterized not only by the magnitude and sign 
of M but also by the way in which M varies with H. The ratio of these two quantities is 
called the  

susceptibility :  Oe emu/cm  3

H
M
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Saturation :  
At large enough values of H, the Magnetization 
M becomes constant at saturation value of Ms. 

Hysteresis or irreversibility : 
After saturation, a decrease in H to zero does 
not reduce M to zero. Ferro- and ferrimagnetic 
materials can thus be made into permanent 
magnets 
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The ratio of B and H is the permeability : 

  
H
B
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We can now characterize the magnetic behavior of various kinds of substances by their corresponding 
values of κ and μ : 

   

  1. Empty Space : Κ = 0, since there is no matter to magnetize, and μ = 1. 

  2. Diamagnetic : κ is small and negative, and μ slightly less than 1. 

  3. Para- and antiferromagnetic : κ s small and positive, and μ slightly greater than 1. 

  4. Ferro- and ferrimagnetic : κ and μ are large and positive, and both are functions of H. 
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Magnetization 
curves 

Magnetization curves  and 
hysteresis loops. (The height 
of the  M curve is exgerated 
relative to that of B curve. 

Demagnetization by 
cycling with a 
decreasing amplitude. 

14.2.7 Magnetization curves and hysteresis loops 
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The scientific and technical literature on magnetism, particularly in the USA is still widely 
written in electromagnetic cgs(emu) units. In some European countries, and in many 
international scientific journals, the SI units are mandatory. 

(cgs units) 

  
H
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14.3 Units 
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14.3.1 MKS units 

14.3 Units 
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