[ Origin of magnetism ]

e-ESM, an on’inee/f"

higher-education Magnetism event

Stephen Blundell
University of Oxford

N o a &~ w0 b

. Bohr-van Leeuwen theorem

Orbital magnetism

Spin magnetism

Spin precession

Hund’s rules

Diamagnetism and paramagnetism

Orbitals and the crystal field




1. Bohr-van Leeuwen theorem

2. Orbital magnetism
3. Spin magnetism
4. Spin precession
5. Hund’s rules
6. Diamagnetism and paramagnetism
7. Orbitals and the crystal field
3
Lagrangian for a charged particle in a magnetic field
. | = Rinehic _ FO{'CﬂJf'.“l
La‘g(‘an‘o}\ar\ enemy energa
e ST
\
— /N W
Jh= (e, V) P\P‘;(\‘lz>P‘) P‘/*”<T> A)
Vo4 q 7. N
ﬁ\’: l-m\ll-—OL +CLV‘A =
i 2 9L = WV xqh

, : Fum -~ A Y
= canonicakl momen N L -R)z \/

>3 e ) aeal = P98 sg
H.' P'V_L Aim e PR

=5
my




Lagrangian for a charged particle in a magnetic field
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Bohr-van Leeuwen theorem
p =mv + qA
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Orbtial magnetism — connection to angular momentum

ORBITAL ANGULAR MOMENTUM
O’/

Y

a,
1 = 0:“/(/\[ mvyY

~—
v
Magnetic =FEME= e
Momer\\f //L /4

cYromAGNETIC RATIO ¥

10



Orbtial magnetism — connection to angular momentum
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Orbtial magnetism — connection to angular momentum
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Spin precession

spin precession
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Spin precession

Classical treatment of spin precession
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Spin matrices and states
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Spin matrices and states

Y Y

A A

Pauli spin matrices

O ay Oz
0 1 0 —i 1 0
1 0 i 0 0 -1
Eigenstates

=0 =) ‘ 50 =) ‘

26



Spin precession

Quantum mechanical treatment of spin precession (1)
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Spin precession

Quantum mechanical treatment of spin precession (2)
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S. J. Blundell, Magnetism in Condensed Matter (OUP, 2001)
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Hamiltonian for electrons in an atom in a B field
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Orbitals
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Orbitals
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Magnetic atoms and ions
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Partially filled 3d shell gives
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Transition metal

1 (3d) ions
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Spin-orbit and L, eigenstates
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Crystal field
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This is the odain of ORBITAL QUENCHING
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ion “shell S L J  term P Pexp P2

T, vit 3d' § 2 3 *Dyp 155 170 173
Vit 3> 1 3 2 *F, 163 261 283
Cr**, v+ 3¢ 2 3 % YRy, 077 385 3.87
Mn®t, Cr2t 3d* 2 2 0 °D, 0 4.82 4.90
Fe?*, Mn?*  3d° 3 0 3 OS5, 592 582 592
Fe?* 3 2 2 4 °D, 6.70 5.36 4.90
Co™ 3d” %2 3 3 'Fy»p 663 490 3.87
NjZ+ 30¥ 1 3 4 3F, 559 3.12 283
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A parable: p-orbitals
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A parable: p-orbitals
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Jahn-Teller distortion in a 3d* ion
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