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e Homework: several homework sets will be given. They will be posted on the web site.

e Midterm: one midterm will be given.
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New Science fora Secure and
Sustainable Energy Future

\

"N~
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Areport of a subcommittee to the Bas

A significant increase in the rate of discovery, innovation and technologi-
cal change is needed. BES must lead a bold new initiative focused on
solving the critical scientific roadblocks in next-generation, carbon-free
energy technologies.

Significant discoveries will come at the intersection of control science with
advanced materials and chemical phenomena, and there is a clear first-
mover advantage to those who focus their research efforts here. BES must
lead U.S. energy research efforts in this direction lest the U.S. fall behind in
global competition for discoveries of future energy sources and systems.

It will take “dream teams” of highly educated talent, equipped with fore-
front tools, and focused on the most pressing challenges to increase the
rate of discovery. BES must lead the development of these dream teams
to close gaps between needs and capabilities in synthesis, characteriza-
tion, theory, and computation of advanced materials.

U.S. leadership requires BES to lead a national effort to aggressively re-
cruit the best talent through a series of workforce development and early
career programs aimed at inspiring today’s students and young research-
ers to be the discoverers, inventors, and innovators of tomorrow’s energy
solutions.



Directing Matter and Energy:
Five Challenges for Science and the Imagination

N

¢ Research Needs

Report from the

LS. Department of Energy

Basic Energy Sciences Workshop
August 6-8, 2007

Opportunities for Discovery:
Theory and Computation
in Basic Energy Sciences

Basic Research
Needs for
Electrical
Energy Storage

y 2005

Ifice of fifie,
Report of the Basic Energy i V&
Sciences Workshop on

Electrical Energy Storage

April 2-4, 2007




Imagining a Secure, Sustainable Energy Future
<___Materials with Unprecedented Performance__>

aking Chemical Change hmED
Solar Power

Returning Carbon to the Earth
Safer and More Efficient Nuclear Power
Solar Fuels

@r& Be (Digital) Light
Electrical Energy Smrage;
@m for Buildings
Superconductivity and the 21st Century Electric Gri
.
rid Electrical Grid

Advanced Transport
i Solar Fuels ;

Electric Transport

Advanced Nuclear Energy Systems
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Geological Carbon Sequestration
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Basic Materials Research to Commercial ED
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Ancient cultures:
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B mmrkshﬂp iﬂu f;mn
Oupus medico~chymicum: continens tres tractatus sive basilicas...,

Johann  Mylius, Francofurtu: Hemanmum a Sande, 1678
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Late 18th and 19th century:
mechanical approach to condensed matter physics

o 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
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o First scientific approach René-Just Hally
(1743-1822) using an atomistic picture

« Extended by Christian Samuel Weiss,
Introduced crystallographic axis

e Auguste Bravais: discovered the 14 space
lattice types

« Woldemar Voigt classified the 230
different space groups
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Dmitri Mendeleyev (1834 —1907),



< 29(:" %F4@4






Classical electron theory

e 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

e 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
Rontgen

1912: discovery of X-ray diffraction by
Max von Laue, Nobel 1914

(other contributor:

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

. . . . &2 L7 3
Calculations by Einstein arDeye
Einstein . 872 L73
E(k)=w, Nobel Chem 1936

E(k)~k



Fermi-Dirac statistics



Sommerfeld theory including Fermi-Dirac
statistics

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

Solves dilemma of Dru«-Lorentz theor Fermi and Sommerfe
Completely ignores the presence of ions!

Still fails to describe many properties...

Sommerfeld and Pauli
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Bloch’s theorem

Inclusion of the ions in the theory
of metals

Inclusion of translational symmetry
IS essential

Bloch and
Heisenberg

$) )



Band gaps and Brillouin zones
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Cr o+ 8SIV*14)R & electrol-
$1)7)%) electron

o ingéraction

NG AN

This is a fundamental problem in physics that is not well understood!
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WHAT IS THIS?
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Experimental developments:
Low-temperature physics:

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