
Announcements:  

Mid-Term Exam: 

Time:   9:00 am – 10:30 am 
            Thursday (Oct. 14th) 

Location: 106 Nicholson Hall  

Style:   open book  



Phonons in Metals 



Recall: 

€ 

Cv =Celectron +Cphonon

€ 

κ =κelectron +κ phonon

€ 

ρ = ρelectron + ρphonon



        In Metals 

✪  ions are charged 

✪  conduction electrons are present 



Recall: 
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ε ω( ) > 0
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Electrons       ions 

e          Ze 

m          M 

ne          nion=ne/Z 

ionic plasma frequency 

€ 

ω k( )2 =
Ωp
2

ε k( )Phonon dispersion 
electron gas 
dielectric constant 

electronic plasma frequency 



Electrons       ions 

Ions provides  
electrostatic potential 

Electron gas is deformed by  

(1) The electrostatic potential of the positive charge distribution; 
(2)   induced electrostatic potential of the deformation of electron gas itself 

€ 

ε 0,k( ) =1+
k0
2

k 2
-- dielectric constant of Thomas-Fermi form 

€ 

k0
−1 -- Thomas-Fermi screening length 



Longitudinal Plasma Oscilla6ons 

€ 

ε ωL( ) = 0Define:  

€ 

εelectron ω ,k( ) =1+
k0
2

k 2

€ 

εphonon ω ,k( ) =1−
Ωp
2

ω2

€ 

ε ωL( ) = εelectron ω ,k( )+εelectron ω ,k( ) = 0

€ 

ω2 =
Ωp
2

k0
2 k

2 =
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3Mion
vF
2k 2

Ignored constant term 

€ 

vp =
me

3Mion
vF

€ 

ω = vpk

€ 

vp << vF



Screened Coulomb Poten6al 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ϕ 0 k( )
ϕ k( )

= ε 0,k( )
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    screened 
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Fourier transform 
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Electron‐Phonon Interac6on 

  

€ 

λ = 2 deformation −energy
ωL€ 

λElectron-phonon coupling constant: 

Large in ionic crystals 
Small in covalent crystals 



Phonon Contribu6on to  
the Electronic Energy‐Wave Vector Rela6on ε(k) 

Ionic screening to  
Electronic energy distribution 

€ 

εk −εF =
εk
TF −εF
1+ λ

€ 

g εF( ) = 1+ λ( )g0 εF( )

€ 

v k( ) =
v0 k( )
1+ λ

  

€ 

λ =
dS'

8π 3v k'( )FS
∫ 4πe2

k− k'( )
2

+ k0
2

  

€ 

(εk −εF < ωD )



Phonon Contribu6on to  
the Electronic Energy‐Wave Vector Rela6on ε(k) 



Electron-Phonon Interaction 

Creation of a phonon  
  

€ 

εk = εk' +ω k− k'( )
Absorption of a phonon  

  

€ 

εk = εk' −ω k− k
'( )

  

€ 

ω q( ) = ±
1

εk+q −εk( )

  

€ 

ω q( ) <<εF
€ 

T <<ΘD

€ 

T >>ΘD



Electron-Phonon Interaction 

Since                       , the main effect of collision of an 
electron and a phonon is to change the direction of the 
electron wavevector k:    

  

€ 

ω q( ) <<εF

⌘   Umklapp process: 

   k+q=k’+Q   
k’ 

k k’ 
q 

Q 

⌘   Normal process: 

   k+q=k’  



Electron-Phonon Interaction  
to Electrical Resistivity 

€ 

ρ =
AT 5

MΘD
6

x5dx

ex −1( ) 1−e−x( )0

ΘD T

∫ Bloch-Grüneisen formula 

€ 

1
τ el− ph

= 2πk 2 P θ( )
FS
∫ 1− cosθ( ) sinθdθ

€ 

P θ( ) ∝
kBT
ΘD
2 -- scattering transition probability 

  

€ 

x =
ωD

kBT



Electron-Phonon Interaction  
to Electrical Resistivity at High T 

€ 

x <<1

€ 

ρ el− ph ∝T

€ 

T >>ΘD

€ 

ρ =
AT
4MΘD

2

  

€ 

n q( ) =
1

e kBT ω q( )( )−1
≈

kBT
ω q( )



Electron-Phonon Interaction  
to Electrical Resistivity at Low T 

€ 

x >>1

€ 

ρel− ph ∝T 5

€ 

T <<ΘD
€ 

ρ =124.4 AT 5

MΘD
6



Total Electrical Resis6vity in a Metal 

€ 

ρ = ρel−el + ρel− ph

€ 

ρ =

€ 

T >>ΘD

€ 

T <<ΘD

€ 

ρel−el +BT ~ BT

€ 

ρel−el +BT 5 ~ ρel−el



MgB2 



Strange Metals ? 




