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GLOBAL MAGNETIC MATERIALS MARKET BY APPLICATION

CAGR 2016-2021 2016 MARKET SHARE

9.44% 8.91% 8.15%
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A live frog levitates inside a 32 mm diameter vertical bore of a Bitter solenoid in a magnetic
field of about 16 T at the Nijmegen High Field Magnet Laboratory.

"Everyone's Magnetism" by A. Geim, Physics Today, 36 (1999)



Atomic magnetism: Hund’s rules
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Free spin Langevin paramagnetism

—— Langevin (free spin) paramagnetism
- - van Vleck paramagnetism

------ Pauli paramagnetism

————— Diamagnetism

Magnetic susceptibility

____________________________________________ Temperature i
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Pauli paramagnetism in metals
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Diamagnetism
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Superconductivity
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Zero electrical resistivity
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Superconductivity was discovered by
Kamerlingh Onnes in Leiden in 1911
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Perfect diamagnet Meissner eqed'
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Type | and type Il superconductors

Type 11 vortices
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Bardeen, Cooper and Schrieffer (BCS) theory

1.1
1.0
QO—O o o 0
l 0.8
= BCS curve
o O ©---.'on H—O _ 07 o Tin
2 B =g 1 = o Tantalum
o E— (@] :: g I. - E{m 0.6 0O Niobium
() O O TTTO—O S 05
O—O O -
0.2

- 0.1

- Coolaer wa ) .
. . 0 01 02 03 04 05 06 07 08 09 1.0
Fhonon ;uJ,e,rogc,‘n an\ T/T,




11
Na

19
37

Rb

87
Fr

Superconductive Elements 2y
e
. 7 9 10
i At ambient pressure E | Ne
12 . At high pressure 17 |18
Mg Cl | Ar
25 27 128 29 36
Mn Co Ni | Cu Kr
47 54
Ag Xe
79 84 85 86
Au Po At  Rn
88 8 104 105 106 /107 (108 109 (110 111 112 o
Ra Ac Rf  Ha Sg Bh Hs Mt Ds | Rg Uub
64 65 66 67 68 69 70
Gd | Tb Dy | Ho Er Tm Yb
97 98 99 100 101 102 103
Cm Bk Cr Es Fm Md No Lr

Guo, J, Wu, Q & Sun, L. (2018). Chinese Physics B 27, 077402.




Critical temperature T, [K]
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Some applications of superconductors...
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Summary of the course

- Phonons

- Heat Capacit
- Crystal Structures - Reciprocal Space PSS
- Crystal Bindings - Diffraction

- Band structure
- Fermi Surfaces
- Electronic Material Classification

- Free Electron Gas
- Electronic heat capacity
- Electronic properties
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Why we care?
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Other condensed matter topics

Phase transitions Topology Electron driven insulators
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