Magnetism in materials

solutions Week 08

1. The dependence of the resistivity (p) on temperature (7'), including the Kondo effect, is
written as:

p(T) = po — pIn(T) + aT®

where po is the residual resistivity, a is a constant independent of temperature, and
1 is proportional to the concentration of magnetic impurities. It has been found that
the electrical resistivity of dilute magnetic alloys shows a minimum at a characteristic
temperature. Use the above formula to find how the minimum of the electrical resistivity
behaves as a function of impurity concentration.

The following figure depicts the variation of resistivity of Cu diluted by Fe (the numbers

next to the plots show the impurity concentration). Can you qualitatively see if the
minimum of the resistivity shows the same behavior as you have found out?
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Figure 1: Electrical resistivity of Cu with Fe as solute. The nominal atomic concentration of
Fe is indicated on each curve. (D.K.C. MacDonald, Thermoelectricity, Dover, 2006).

2. Consider a system composed of 2 ions and 2 electrons, described by the Hubbard model:
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where c}a denotes the electron creation operator at site 7, and n;, = clgcw represents the
number operator. Determine the ground state energy and wavefunction of the system.
Discuss the behavior of the ground state energy as U/t — 0 and U/t — oc.



Hint: Assume that (due to some symmetry reasons) the ground state is symmetric with
one spin-up and one spin-down electron on each site, leading to a wavefunction of the
form:

) = a(cITch + C;TC£¢)|0> + b(CITCa + C$¢01¢)|0>

. Show that the density of states at the Fermi energy levels in one dimension is given by
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Show that the g-dependent susceptibility of the electron gas in one dimension is given by
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where xp = =2 ¢g(EF) is the Pauli susceptibility



