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Unitsandfields

Magneticorderingandmaterials

Magnetizationprocesses and

micromagnetismbasics
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Century-old facts sǊǎǘŜŘ ŜȄǇŜǊƛƳŜƴǘ ƛƴ 1820

Magnetic materials (rocks)

Birth of 
electromagnetism

Magnetic field of the earth

Magnetite Light-struck
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Gausstheorem

Ampèretheorem

Faradaylawof induction

B is divergence free
(no magnetic poles)
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Microscopic level: Maxwell equationMacroscopic level: Gauss theroem

Ostogradskitheorem
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Microscopic level: Maxwell equationMacroscopic level: Ampere theorem

Stokes theorem Ἄ ‘ἲ

j: Volumedensityof current(A/m2)

j is the vectorial 
source of curl of B
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Note: 1/r decay

The magnetic point dipole
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Biot and Savart

Note: 1/r2 decay

Note: 1/r3 decay
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General definition

Simple loop
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Torque

Ἲ ὍÄǎ Ἄ Ἄ

Energy

Zeeman energy ὐ

Demonstration

Work to compensate Lenz law 
during rise of B

Integrate torque from Laplace 
force while flipping dipole in B

Force

ἐ ẗ Ἄ

Valid only for fixed dipole

No force in uniform magnetic 
induction field

Inducing precession of dipole around the field

It is energy-conservative, as expected from Laplace 
(Lorentz) force

꜡ ẗἌ
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Energy
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Examples

The dipole-dipole interaction is anisotropic
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Definition
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Volume density of magnetic point dipoles

!Ⱦm

Total magnetic moment of a body

︢
ם

ἙÄם !ẗÍ

Applies to: ferromagnets, 
paramagnets, diamagnetsetc.

Must be defined at a length scale
muchlargerthanatoms

Is the basisfor the micromagnetic
theory

Equivalence with surface currents

Name: Amperian description of magnetism

Surface current equals magnetization!Ⱦm
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Back to Maxwell equations

Disregard fast time dependence: 
magnetostatics

The magnetic field H
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Consider separately real charge current, 
from fictitious currents of magnetic dipoles
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B versus H : definition of the system

M: local (infinitesimal) part in         of the 
system defined when considering a magnetic 
material

H: The remaining of Bcoming from outside
, liable to interact with the system

ם‏

ם‏

!ȾÍ

!ȾÍ

Outside matter,     and          coincide and 
have exactly the same meaning.

Ἄ ‘ἒ
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The dipolar field Hd

By definition: the contribution to H
not related to free currents (possible 
to split as Maxwell equations are 
linear)
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Derive the dipolar field
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Maxwell equation                              Ҧ

Tolift the singularitythat mayariseat boundaries, a
volumeintegrationaroundthe boundariesyields:

Analogy with electrostatics
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Ҧ Magneticscalarpotential

Source for Hd
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Example Permanent magnet(uniformly-magnetized)

Surface charges Dipolar field

„Ò ὓἵ ἺẗἶἺ

Illustration from: M. CoeyΩsbook

Vocabulary

Generic names

Magnetostatic field

Dipolar field

Inside material

Demagnetizing field

Outside material

Stray field
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From: M. CoeyΩsbook

Pseudo-charges source of Hd Fictitiouscurrentssourceof B
Coulombian description Amperian description

ẗἌ

No magnetic

monopole

ἒ

No closed 

lines
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Dipolar energy
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Zeemanenergyof microscopicvolume
‏꜡ ‘Ἑם‏ẗἒ

Elementary volume of a macroscopic

systemcreatingits own dipolarfield
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Totaldipolarenergyof macroscopicbody

Alwayspositive. Zeromeansminimum

ἒ Ἲ 6ÏÌÕÍÅ
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Size considerations

Unchanged if all lengths are scaled: homothetic. 
NB: the following is a solid angle:

Ä
Ἲ ἺÄה

Ἲ Ἲ

Hd doesnot dependon the sizeof the body

Saidto bea long-rangeinteraction



Olivier FRUCHART ςFundamentals of magnetism
Summer School of the IEEE Magnetics Society

11-16 Jun 2023, Carovigno, Italy

Dipolar energy for uniform magnetization
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Dipolar field:

Dipolar energy:

꜡ ὑὠἵẗἚẗἵ

ἒ Ἲ ὓ Ἒẗἵ

See more detailed approach: M. Beleggiaet al., JMMM 263, L1-9 (2003)
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For any shape of body

꜡ ὑὠἵẗἚẗἵ

ἒ Ἲ ὓ Ἒẗἵ

For ellipsoids etc.

Condition: boundary is a polynomial of the 
coordinates, with degree at most two

Slabs(thin films), cylinders, ellipsoids

demagnetizing tensor. Always positive, 
and can be diagonalized.
Ἒ

ὔ ὔ ὔ ρ

Along main directions

ὌȟἺ ὔὓ

꜡ ὑὠὔά ὔά ὔά

Dipolaranisotropyisalwaysof second order

Hypothesisuniform M maybe too strong
Remember: dipolar field isNOT uniform
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Along main directions

Ὄȟ ὔὓ

M and Hmaynot be colinearalongnon-
main directions
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Slab (thin film)

Favorsin-planemagnetization

Sphere

Isotropic

Cylinder

Favorsaxial 
magnetization

Dipolar energy favors alignment of magnetization 

with longest direction of sample

Take-awaymessage
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Core function for the 
magnetic scalar potential
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Magnetic potential from a charged plate
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Definition for Fijk function

Sumof four termsinvolvinghere

Ὂ ὼȟώȟᾀ

F000 Can be integrated and/or derived analytically to any order, against x, y, z

Integrated i times versus x

Integrated j times versus y

Integrated k times versus z
Ὂ ὼȟώȟᾀ Ὂ ὼȟώȟᾀÄὼ ὅίὸὩ

Example

Ὂ

A. Hubert, R. Schäfer, Magneticdomains, Springer (2000)
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Magnetic scalar potential

Ὂ Magnetic scalar potential

Ὂ Ὄȟ

Ὂ Ὄȟ

Ὂ Ὄȟ

Components of magnetic field
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Gradients of magnetic field
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MFM contrast

Demagcoefficients

Ὂ

Ὂ
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ὔ

ὔ

ὔ

Ὂ

Examples of other specific cases

zcomponent of H, integrated along y

Ὂ z-averaged z component of H, integrated along y

Electronholographyof a PSA
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Range
Example: upper bound of dipolar field in thin

films

ἒ Ἲ ὓὸ
ς“ὶ

ὶ
ÄÒ

Non-homogeneity

ἒ ἠ #ÓÔÅַײρȾὙ

Example: flat strip with aspectratio 0.0125

Average(demagcoefficient)

Trueprofile

Lateral position (a.u.)

Dipolarfieldsareshort-rangedandinhomogeneousin low dimensions

Consequences: non-uniformmagnetizationswitching,edgemodesetc.

A1D/2Dsystemin spacebehavesverydifferentlyfrom anano-bulkmagnet


