Fermi sphere in a magnetic field
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Density of states 3d
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quation for free electrons a magnetic field in 2 and 3 dimensions.

2-D Sclwidinger equation
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3-I} Schridinger equation
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£,(x) is aharmonic oscillator wavefunction
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£,(x) is a harmonic oscillator wavefunction
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Energy spectral density 3d
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Fermi energy 3d
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Internal energy 3d
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Magnetization 3d
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de Haas - van Alphen oscillations



Practically all properties are periodic in 1/B
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Fermi sphere in a magnetic field
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From the periodic of the oscillations, you can determine the cross sectional area S.



Experimental determination of the Fermi surface
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De Haas - van Alphen effect

The magnetic moment of gold oscillates periodically with 1/B
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Classical linear response theory

Fourier transforms

Impulse response functions (Green's functions)
Generalized susceptibility

Causality

Kramers-Kronig relations

Fluctuation - dissipation theorem
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Optical properties of solids



Impulse response function (Green's functions)

A Green's function is the solution to a linear differential equation for a o-function
driving force
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Green's functions

A driving force f'can be thought of a being built up of many delta
functions after each other.

f@y=[s(-t)f(¢)ar
By superposition, the response to this driving function is superposition,
u(t)= [ gt =1/ (&)’

. d’u du
For instance, m +b—+ku= f(t
dt’ dt S

has the solution

u(t) = T%exp[_b gt_t’)]sin[\/“mk_bz (t—t')J F(t"dt'
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Green's function converts a differential equation into an integral equation



Generalized susceptibility

A driving function f'causes a response u

If the driving force is sinusoidal,
f(0) = Fe™
The response will also be sinusoidal.
u(t) = [g(t—t)f(t)dt' = [ gt =t Fpe dt’
The generalized susceptibility at frequency o is
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Generalized susceptibility
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Since the integral is over ¢/, the factor with # can be put in the integral.
(@)= [g@~r)e ™
Change variables to 7=1¢-t'

2(@)=[g(z)e " dz

The susceptibility is the Fourier transform (notation [1,-1]) of the Green's
function.
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Fourier Transforms

f(7)=[ F(kyexp ik -7 )k
!

The Fourier transform of fr).

All information about f{r) is contained in its Fourier transform.
All information about F(k) is contained in f{(r).
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(27)’

F(k) =

jf(f)exp(—ﬂ}'-f)df

d 1s the number of dimensions



Fourier Transforms: plane waves

Plane waves have the form: exp ]; = COS /; )+ isin (1; : 77)
exp zk (r+r —exp zk r

Often convenient to work with functions expressed in terms of plane waves

A (’7 ) = Z F. exp (ié 7 ) Periodic functions
G
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Fourier Transforms
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Notation

[a,b]
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Notation

[-1,-1]

[1,-1]
F(k) = [ f (F)exp(~ik -7 )d7

F(k)= (2;)d If(?)exp(—il;.?)df
. . . f(7)= 1 JF(l;)exp(il;-F)dlg
f(7)= jF(k)exp(ik -F)a’k (27)’
Matlab
[0,-1] [0,-27]
F(§)=ij(?’)e><p(—il?-f)df F(@) = [ f(F)exp(~i2ng -7 )dF
f(7)= (27:)61/2 IF(lg)exx)(il?-?)dl? f(7)= jF((j)exp(iznq-f)dq

Evertz, Mathematica uses [0,1]
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