


Sommerfeld Theory of Metals
- I far we have ignored that we have a multi er

system . (we soked a now interacting problem)
- We will still continue with this (e=- interactions

will come son)
-Eurteach of moving forward , letractually
simplify even more #igeglatticet
=> Sommerfeld Model Block ef
↑ Metal with in conduction e

per
atom

. (N-M .Aar)
* These e feel a

constant potential throughout the
crystal ]Y( =EY()

no Forrier components except Vo = Ec

·Y eik
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En = Ec + h[k2 We set tofor simplicityIm



↳ We have is free in Volume . (n = =daity)
-> Vregul parameter : -> radius of sphere containg

re

V =Y =r =In)
m

Yn We usually make :T dimensionles
=> rf=

+Bahr radius
·(Note That
it's called to both diecisionless
and name ....

* Ground State : Ne fill in The N lowest states
· -pin => each state holds 22 (Pb)

"Vazuru bech"
A

Evac ..
X E S

---- --
I W-Wort for

Ef u Itf-Ec
E

t
,

-
-

> i
↑

Z 7

Real space .



· Fermi Surface in E
space given by EC) <te

systrates empty Conocopied)& as states
.

. for free e Fermi surface is a sphere of radius to
·If given by requirement thatTotal Hojonies =N
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Spin
= xy =(in))

· Using Us : Kr =(a) rais

· Taking p-he we can also define a Fermi velocity
f

· Fermi Energ :Erin



- We can now compute The Total energy of the
free i gas an:

ir di = edk
Inkf
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=>
* We can compute The Drusing of states fromThe
dispersion relation Ente
D()= 6(t-di
- ↳ S[f]=

O gerosaf
m

since to-
only + imi tegration
range



P(E)= =  k
* DOS for fore gas

in 31

Dos

/N
· What about Finite t ?

·
Identical Fermions s Fermi-Dirac distribution gives
occupation probability Vo T

↑
-Note here Ef intr()86) :

T
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Ct-E)/KpT
↑

javelin
-

ForT= o T > a
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How do to change with ? (EE)M)
· Sommerfield expansion
-> Consider an integral with a generic smooth

faction 6(t) =(6()(8) de
-> Expand G(E) wor

6() = G(tz) + (t)



->Integral becomes : lette
L

(6)(8)de =6) + (t))(-)(e) de
-

L
-2

where we used the fact that Jdt--fE
= -

And that odd powers give gere contribution since

- If in even
format Cadette) . 50 (z)JeE

is an
old for around to , integrating for etc,a)

wishes.

· Coefficient ofThe G" is :

(t-e)/L
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=> t d
sanche)

5. Jo()()de = G() +6) ++ ...
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· IntegrateThe LHS by parts Judr-or-Judo

(i) de = -G()F())9]
↓ -

assume G(-2) =0

G(+x) well behaved

6(t) f(t)=
· In conclusion :

( )de = 6) CE
· Define ↑(t) rich That G(E)= S de
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Sommerfeld expansion
· Rapidly convergent, For example wounder GCt) =P

Y

=>theSF() :6)plymi
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Terms decease like(
·
Use S

. E en DOS at finite
S Ef

↓ D()f(e)de = N =JD(t)de+ !& E
E C

↓ Differentiate Both sides byT, uring
theT x =f()

E= (T) tr()

deldDS



DdE
Ef

=DeD(f)

For 3D e gas DCE)<E so i

Du andD(EF) Tr ↓

Integrate Both sides : <
Erde
-T·

&
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=> [E(t) - Elo)]= - )
-Er()Ur =>



Ent)= to (0)[i- - decease of
EEVsT
Chemical potential

n Other properties of the free gas :

decrave withf
Specific Heat : C= a extermine granting (depende

· sytem

change in internal
energy

U : do = JQ + &L
sige)

B
2 = 0 if mechanical work Work doneonsystem

--
S = -pet ifjusTwechanica

u(t)
:SDC]F(E) de

P()de+ p +2)]
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5.
uning Dde =Ed()
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D
+...]

we know from before that(EF)
=p()[-
- D
· Since DCEF) is weakly T dependent, we can write

&

Cr=D

Only electronic contribution toCr (Notlattice get).
DOS(D) = DE)vCma/ -k
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*Finely
E contributeto

If heat is eceived as part of a reversible C

process in a closed systemThe and Law of Themodynamic
States
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Sommerfeld ite of Matels -
nunnery

- Elections fill in energy states p to Fermi level
- At finite T , occupation of states in given by fermi
distribution

- Temperature dependence of properties - quantities
like Er ,

internal
mergy, for

can be computed
roing Sommerfeld expansion.
* If is weakly+ dependent since to+

- that capacity in the same as entropy in the electonic
system .


