
Optical and Transport properties in metals ( hand P ch
. ✗ 1)

- We have mostly focused on ground - state properties

- We will now consider solids excited by electromagnetic fields

* Assume non - magnetic material
,
no external charges

or currents

* Assume
" linear response

"

regime : induced responses ,
e. S . , density (Sind) or current (Find ) proportional
to driving fields

,
and have same spatial / temporal

dependence

* Assume homogeneous material

* Fields in a material g. covered by Maxwell equations
(Gauss units) :

I. É=4T5ind ,
F✗É= - t.fr?-,-.B=0.THB--L-f-EI+4cI-J?.na

* Assume field is of the form of a monochromatic
transverse EM wave propagating in É in isotropic
material :

É( F. t ) = E / 2) I e-
i°ᵗ

→ Éllx ✗ Y z

Fr É, ÉzB→ / F. t) - B /2) I e-
"°ᵗ

→ Ñ Ily BOB 0

Find IF,t)=5lzlIeiwᵗ → ⇒ 11 ✗

* Apply Maxwell 's equations :

• I. É = 0
,
so find = °

• I. Ñ = 0 as expected
• d¥!I=i%Blz and - dd%ˢ= _ iY- Eklt JIA



• So :

dÉ¥- = {_☐¥=_ÉEl4 - 4-1%-514
* Now we need to include the behavior of the fields
in a solid

←
relates physical quantities for given solid

• General constitutive relation between -5 and É
for homogeneous medium :
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multiply by cite and integrate :
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In terms of Fourier transforms of J

,
E
,
T :

Jlq) = Tlqw) Elql

* we now assume a local response Tlz -2
'

,w) - 814812-2't
which is independent of q

• then : dj.EC#.--wIf1+4Tiwlw'-)Elz)

so Elz) = Eo exp [if Ncwlz]

with : Ñlw) = I + 4ñiwTl# ← complex refractive index



[
refractive index

* If we write Nlwltrlwstiklw)
[extinction coefficient

Elz) = Eo exp[i%nz]exp[- E- kz]
• velocity of waves in medium is In
•

"

classical skin depth ,
"

2 Where Etd drops by ± :

Slwl =C-
wklw)

• Intensity of field is proportional to IET so

IM = to exp [-2 WEI ] = Ioexpfaiw)]

So
"

absorption coefficient
"

is

due
to
exteial

E
✗ (w) = 2wckCI = 2_gµ, induced

field

↓ ≤ {◦El-P

* If we write N2 = ELwj-E.tw)tiEslw) , where D= E Etot
↑

total E field
in

medium

• Ecw) determines how the material screens fields

• E
,
= n2 - K2

, Ez = 2h K

• Ecw) = I + 4Tiwʳˢ ⇒ E. Iw) -- 1-4n.FI/w7- and Ecw> = 41,4hL
where 51W) = 8,1W) + i Jzlw)

* If we take the surface of material at 2--0
,

reflectivity is ( see Gand P Sec
.
✗II) :

" I :-#:



D rude and Boltzmann theory of transport

- Consider free election gas ,
N=F carriers with effective mass

M
,
uniform background positive charge

* classical EOM for electrons with field É

MÉ = -

¥ É + 1- e) Eso eilai.rs
-WH

E some viscous damping
term

• Take long wavelength limit of field :

MÉ = -

my j→ + 1- e) E-so e- iwt
↳ valid for short scattering
times or high frequencies

• Anzatz : Flt = Ño exp [ - iwt] :

AT =

% ww⇒É°
• Current density is :

F = nl - e) É =

nl-ell-iwl.it?oe-iwl--nemI,.,!-w,ETe-iwt
←

static conductivity

so : ow) = ne2m ¥, = To hire
and : Elw) = It 4Twi_ Tlw) = I + 4ñinem wT=,

= I _ 4É w¥iÑ
' "

Wp
,

"

plasma frequency
"



• So :

914=1 - Y+pw?_ ,
Esko)=wp_

w(ltw2 -14
^
Ez

:
-

i

i

Fw
wp'F'→→

A : Non relaxation regime : WTLLIZLWPI

E. lw)≈ - wp2T2
,
E
, Lw) ≈ wpᵗw

and n≈k≈j%wI=jw%I ← also diverges

⇒ large new) means very reflective

B : relaxation regime : 14 WTCLWPT

⇒ still large nlw)
, very reflective

C :
"

Ultraviolet
"

region : w≈wp or w> Wp

E. Iw) ≈ I - Wpa
w→ ,

{ 21W) ≈ wwjᵈ ≈ 0
⇒ reflectivity almost 0

,
metal is transparent



- what happens in a crystal ?

* still consider a metal w/ single partially - filled
band

•

Occupation in equilibrium !

1-
fo (E) =

e.
Elks - EFITYKBT

+ I

• Applying external perturbation changes distribution

folk's) → f- ( F,É,t) 2- gives # of electrons in volume element

lr?ÉY
• From semi - classical dynamics c- → dt :

F → F+¥2E¥ dt . E' → Ñ+¥%dᵗ
~ ↑
tie E- d¥

• If we include scattering term [If / It] coil :

f(r→+v→dt,É+Éthdᵗ
,
ttdt) -- ftp.kit) +1,2¥],, ,

dt

• Assume small deviations from Fo ,
and

[¥+1
,,

= - f-_ ← relaxation time approximation

• Expand LHS to first order :

3¥ +3¥ . + ¥. = - f¥
* Now we can calculate current density :

←spin

⇒ = ,÷§teli¥FdÉ


