The Sommerfeld Theory of Metals

-- continued




Fermi-Dirac Distribution
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Electron Distribution
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Sommerfeld calculationforT#0 K
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Chemical Potential vs Fermi Energy
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Specific Heat of the Electron Gas

T =0 K: all electrons stay in the ground
state
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T # 0 K: excitations due to thermal energy
Celectron (T;éOK): ?



Specific Heat of the Electron Gas
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Electron Specific Heat at low temperatures
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Total Specific Heat at Low Temperatures
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Heavy Electrons (Fermions)

v(observed) # y(free-gas model) -- Why?

The effective mass of electrons are different
from that of free electrons
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More than 100 times larger—— v =266 mJ/mol-K?



Specific Heat: more than C,and C,

Ca,_Sr,RuQ,

Cy/T (Jimol-K?)
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Non-linear C/T versus T2implies
there is/are additional contribution(s)
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Localized Electrons
- Cannot be treated as electron gas
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Sommerfeld Approach
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Sommerfeld Approach
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Homework today (due on Sept. 23, 2010)

1. Problem 3a in page 55 (Ashcroft/Mermin)



Problems with Free Electron Model

* Free electron approximation
(ignore ions)

* |ndependent electron approximation
(ignore electron-electron interaction)

« Relaxation-time approximation



In reality:
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Free Electron Model

electrons only

Need to consider lattice (ion) contribution
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