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Solid-state physics, the largest branch of condensed matter physics, 15 the study of ngid matter, or solids. The bullk of solid-state
physics theotry and research iz focused on crystals, largely because the periodicity of atoms ih a crystal, its defining characteristic,
facilitates mathematical modeling, and also because crystalline materials often have electrical, magnetic, optical, or mechamcal
properties that can be explotted for engmeenng purposes. The framework of most solid-state physics theory 15 the Schrédinger
(wave) formulation of nen-relativistic quantium mechanics.

- Solid state physics i Wikipedia

The most rematlable thing iz the great variety of guafifatively diffarent solutions to Schrédinger's equation that can arise. We
have msulators, sermconductors, metals, superconductors—all obeying different macroscopic laws: an electnic field causes an
electric dipole moment in an insulator, a steady current in a metal or sermiconductsr and a steadily accelerated current in a
superconductar. Solids may be transparent or opacue, hard or soff, brittle or ductile, magnetic or non-magnetic,

From Sofid State Physics by H E. Hall

To alarge extent, our success m understanding solids 15 a consequence of nature's lundness m orgamang them for us... By the term
solid we shall really always mean crystalline solid, and, moreower, infinite perfect crystalline solid at that

From States af Maiter by David L. Goodstein

http://lampx.tugraz.at/~hadley/ss2/
TUG -> Institute of Solid State Physics -> Courses
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Free electron Fermi gas

Kittel, chapter 6

A simple model for a metal 1s electrons confined to box with periodic
boundary conditions.
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Free particles in 1-d
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Free particles
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Periodic boundary conditions
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Number density of states between |K| and |k|+dk is LD(K)dk




Density of states

Ak,

| volume = (
\

ls/ Ky

ik ko= —Ar 2x 0 27 drx

x? Ty Tz 9L9L99L,L,...

Number of states 47k dk k L3
between kK and k+dk = 5
T

3
for a box of size L3. / (L)

spin

dk = L’D(k)dk

D(K) = k?/n? = density of states/m?



Free particles in 3-d
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Free electron Fermi gas
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Fermi function

f(E) 1s the probability that a state at energy E 1s occupied.

A 1
H(E)=
E-u
l+exp| ——
Ke T
3 T=0K . .
2, P4 n = chemical potential
- \N— Ty
o T, > T
0.0 > £
0




Fermi energy

In solid state physics books,

E- = n(T=0).
In semiconductor books, E-(T) = u(T).

Er
AtT=0 n:jD(E)dE

In three dimensions,




Fermi sphere
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The thermal and electronic properties depend on the states at the Fermi surface.



Free particles in 1-d

internal energy spectral density
/2
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Not possible to do this integral analytically

E[eV]

analog to the Planck curve for electrons in 1-d



The free electron model is a one parameter model

1-D Schridinger equation for a free particle 2-D Scloddinger equation for a free particle 3-D Schrddinger equation for a free particle
L _ W dy Ly _ K (dy dy G __F(dw dy dy
_ IA— — H—— —— _ _
T T T am dt a dy @t wmld @ &
Figenfunction solutions W, = A, exp (i (%x - &I)) W, = A, exp( (k F- &I)) W o=A. exp( (;{,’ F- &I))
Figenvalues of the translation
operator . A =exp(ikR) A =exp (ik R) A =exp (3}3{ R)
Ty, (F) =y, (7 + R) = Ay, (7)
232 2:2 252
Dispersion relation E=ha= nE J E=hw= nE J E=ho= FE J
Im im Im
2
Density of states D{ky= E MEy= E ! D)= k_g m>
i b4 b
Density of states 1 [2m 7 n ( )
dk D(E)=—= /== T'm? D(E)=—3= T'm’? mp g
D(E)= D) E e e " ) : D(E)= e NP =g E T
Fermi energy Eg 2222 2 2 2
5, Thn mhn 3 A\
n=| DE)E Br=— ! Ep=—m 1 Ey= E(3;: A
4 a1 - 1 m(3n
D(Ey) D(E;)=—g T'm’ D(E)="2  I'm? (g, )= "G y g
TR 7 5
;33}":
4D 161 w 23
DNE )= ) _ 21 ) — 22 ! =
D)= dE 7=z, DAEr) By Tm PUE)=0 Tm (Es) ;"‘14% T
2 4
f 2 D (EF)
2 D'(E ;) _ Ep | M Ep— (kT
Chemical potential p Hms Ep— 6 BT) D(EF) 4= kBT In [exp[kgf 1 I i ( g ) D(EF)
w F 7
n=ID(E)f(E)dE 232,2 I 2 2 3
- Th'n il 2
o 3n2 (’{’BT) J =kgl lﬂ[exp[mk T]_l] J & —(33 fz)3 - 7 (457)
5 237 R0
3 g 30 1
E 1 n g ; =22 -
o fF I R PR T RS
Internal energy distribution 2 EF exp E-n +1 F exXp E-n +1 exp[ T ]+1
u(g)-5— 2B __ b bl ’
E-u E 1 342
exp[ +1 1 1 _ _om 2 ( mE)
kT =—~2mE m =— m 243
: 7 (E—a) i (E-p). Zr o’



