PHY 752 Solid State Physics
11-11:50 AM  MWF Olin 103

Plan for Lecture 33:
Chapter 15 in GGGPP -- continued:

Electron Gas in Magnetic Fields

1. Landau diamagnetism and de Haas-
van Alphen effect

2. Hall effect

Lecture notes prepared with materials from GGGPP textbook
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Results from last lecture --

Magnetic field effects on 3-dimensional electron gas

Note: the effects of electron spin have been

ignored in this treatment;

inclusion of the

intrinsic electron spin changes some of the
details, but the general phenomenon remains

the same.
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Density of states for 3-dimensional system
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As a result of the Landau levels, there is an oscillatory
behavior of free energy of free electron gas:

FiT, By=Fi(T.0) +

11/16/2015 PHY 752 Fall 2015 — Lecture 33




Some steps in the evaluation of the free energy of the
electron gas in a magnetic field; summation of the
contributions of the Landau levels (Thanks to appendix
of Chapter 15 of GGGPP.)

Poisson sum formula
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For a well-behaved function f(x)
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Integrating by parts
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For convenience, assume that we have shifted the energy
scale so that the range of energies of interest are 0O<E<p
where p denotes the chemical potential. In terms of the
density of states D(E), we can define:

3
P(E) = [ DIEYWE with Pi0) =0,
where P =N, (the number of electrons)
Similarly, we can define
rE rE rE
Pa(E) = ’ PUE)dE' = I dE' l DE"VAE" with Pa(0) =0
The ground state energy of the system of N electrons is given by

i
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Evaluating the free energy of our system

F(T)=Np kﬁTZIn.I gl EalitaT |

In terms of the density of states:

F(T) = Nu— ksT [1 !n[l bl *'-"!-’]n.fms

which can be integrated by parts:
F(T)=N ™ e
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Using the results for the 3-dimensional free electron gas

For B=0

D{Ey= AEV? and P;m.fl'fxr‘ E=0 A=

For B>0
DI(E, B) = l

Evaluating the “second primitive function”
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Using Poisson sum formula with

ME B)=
x 1.
: fix)dx + 5_1’ (1]

1y = .,
fx)cos(2rex)dx

~
|
l‘ 27252 Jy

=
I 32
A Z f (u -;) with  fix) = (E — xhew )" "O(E — xhw,)
n=0) =

e Eiha 353 21 =
l“ r'm.h;[ (E — xhe,) -.n-_gmr*-
Y 13 12 172
3 iy = az‘l hen ) ENS = E."_-u.‘ E
~ 3 . E M 1
[ x)cos 2rsx)dx = =htws [ ———— ¢os (2msx) dx
A A RN s sy vy




Collecting terms:

. 4
P(E.B)= G

Free energy at T=0 K

Eo(BY=Np — Pi(p. B)

f:
Eo(B) = Ep(0) + ——=D(n)
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Free energy at T>0 K

Some tricks
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Free energy at finite temperature
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B, is ameasure of the area of an extremal orbit of
an electron on the Fermi surface.
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J. Phys. Chem. Solids Pergamon Press 1968. Vol. 29. pp. 1485-1502. Printed in Great Britain.

THE DE HAAS-VAN ALPHEN EFFECT AND THE
FERMI SURFACE OF TUNGSTEN*

R.F. GIRVANt, A. V. GOLD} and R. A. PHILLIPS

Institute for Atomic Research and Department of Physics, lowa State University.
Ames, lowa S0010. US.A.

(Received § April 1968)

Abstract — The de Haas-van Alphen effect in tungsten has been studied in detail using large impulsive
magnetic fields, and the frequencies have been determined to high accuracy with the aid of digital
data recording, digital analysis and dynamic calibration of the entire apparatus. These improvements
in experimental technique have resulted in the detection of several new frequency branches which
have not been previously reported. A quantitative description of all sheets of the Fermi surface is given
in terms of simple analytical functions. and this geometrical model is in excellent agreement with the
observed angular variations of the de Haas-van Alphen frequencies. In most respects. the model
surface is found to be quite similar to that deduced by Loucks from first-principles relativistic band
calculations, and the predictions of the empirical model are compared with the results of other experi-
ments relating to the Fermi surface.
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Hall effect

Figure 15.9 Stand

cometry for Hall effect an metoresistivity measurements. Vi) is

the Hall potential, J, is the current density in the Row direction, and w denotes the widdth of the
strip.
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