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Ancient cultures:
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Late 18th and 19th century:
mechanical approach to condensed matter physics

• optical theories by Thomas Young and Jean Fresnel 

• A wide variety of theories on elasticity (Navier, 
Cauchy)
• Theories for heat conductivity by Joseph Fourier
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• Interaction between light and matter, 
theory of birefringence by Franz Neumann

• Early theories of electrical conductivity 
by, among others, George Ohm and 
Gustav Kirchhoff



• First scientific approach René-Just Haüy
(1743-1822) using an atomistic picture

• Extended by Christian Samuel Weiss, 
introduced crystallographic axis

• Auguste Bravais: discovered the 14 space 

@�)&.	��&.�#�.#��&

lattice types
• Woldemar Voigt classified the 230 
different space groups
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Dmitri Mendeleyev (1834 –1907), 
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Classical electron theory

• discovery of electron J. J. Thompson, Lorentz

•Drude model

Treats electrons as a gas following Boltzmann 
statistics as opposed to Fermi-Dirac statistics. 
Quantities of by several orders of magnitude 
(gets a lucky break with Wiedemann-Franz 
law)
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Classical electron theory

• Drude model (1900)

Treats electrons as a gas following Boltzmann 
statistics as opposed to Fermi-Dirac statistics. 
Quantities of by several orders of magnitude (gets 
a lucky break with Wiedemann-Franz law)
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X-ray diffraction

1895: discovery of X-rays by Wilhelm 
Röntgen(Nobel 1901)

1912: discovery of X-ray diffraction by 
Max von Laue, Nobel 1914 
(other contributors (other contributors 
Ewald, Sommerfeld)

1913: interpretation by William and 
Lawrence Bragg, Nobel 1915



First applications of quantum mechanics

Specific heat of solids: The change in
internal energy with respect to temperature

experiments by Nernst

Calculations by Einstein and Deye
�	�.����:��
&.�2�����L�7��3

Calculations by Einstein and Deye

Einstein ��.���8�*)��2�����L�7��3
Nobel Chem 1936 E(k)=w0

E(k)~k



Fermi-Dirac statistics



Fermi and Sommerfeld

Sommerfeld theory including Fermi-Dirac
statistics

Specific heat much smaller since very
few electrons participate in the conduction

Solves dilemma of Drude-Lorentz theory Fermi and Sommerfeld

Sommerfeld and Pauli

Solves dilemma of Drude-Lorentz theory

Completely ignores the presence of ions!

Still fails to describe many properties...
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Bloch’s theorem

Inclusion of the ions in the theory 
of metals

Inclusion of translational symmetry 
is essential
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Bloch and
Heisenberg



Band gaps and Brillouin zones
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electron-
electron
interaction

'
��+�
��
.�+	�.������&$�!	
)�*��)�+�)&��&

This is a fundamental problem in physics that is not well understood!
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Experimental developments:

Low-temperature physics:

Kamerlingh-Onnes
1908: Liquefaction of Helium
1911: Discovery of superconductivity
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