
 

Lecture Metal optics

Learning objectives

I Free electrons

2 The Dru demodel
了 Dispersion of thefreeelectrongas and bulk plasmons
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I Free electrons
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Restoring force No restoringforce
Naturalresonantfreq No resonantfreq

Oscillations of free electrons induced by ACelectricfield
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Plug in x_x e

iwt.li

Recall.for bound electrons X ⼆ 齑 is
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perunitvolumei
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where wp 愿 is known as plasmafeq
of the free electrongas

Como
In metals N lf ifm 3

gs is in UV region
r in it

when w_w p Who店

r.ieEnw 燕 realnumber

uhenw wp.w sr.ro

when we up i is complex
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For normal incidence

叫器12
ˋ

f
no damping r

experimental data
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UV transparency

ofmetal
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Reasons for nonunity reflection in metal

Inter band transition
Al parallel band

i_

iii

For Al Einerband 1 e eV

Ay ii good mirror

Cu zev reddish color

An __ su V brighter than copper

goodmirror for vis
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逃

Ego can be rewritten as

use p m v momentum and ⼦⼆ È where t is thedamping
time we have

噐 是 _Ě

with AC Ē_field drive Ěu Ěèt tie it

is 苦 it
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The currentdensity

j N e o
__conducting

个器燥 __de

model

were oi No.is the DC conductivity

Recall that

G 1 器 ⾬
Company and 30

trig



在

主管be determined bymeasuring Dc conductivity in
For metals T ⼼ 4 10 13

For metals Er w and oh are correlated

Gcw G w t i ⼼以

Giri
Ez ⼆

Wigan
⾔ Fait这

⼼ ⾔ j atdnah.in
k 唇
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Physicality
D AC electric field can only penetrate a shortdistance

into a metal a.k.a Skin effect

1 __mh
2 Define 8 as the skin depth

Enfield decays as exp ⼀导 powerdecays as

exp ⼀导 Recall the definition of 2 拍 Ioē

个导 40

3 The decaying field in metal is evanescent wave

4 When thickness ofmetal is comparable or smaller

than 8 evanescent ware will not decay fully
R is not 100

mission
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5 eq.co only valid when we I 1

flow frequency

iii inns.Rl j l
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3OAtverghighfqaeng.tw wp__we si

E w l 噐 damping is negligible o

3Dispersionoffreeelectronga5andbulkplasmn.pro

When w wp.eq.io
becomes zero something interesting

xBE µ J E㠭
take the time derivative

訫 嶾 i 𤧥
⾌⼝ x P XĚ O

the equation of motion of electrons

m是 eĚ

also J Ne V
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是⼀ 哭Ě

plug in into0 use Up⼆ 愿 c三 ⾼
等三⼗WEĚ dpxpx É 30

Split Ě into transverse and longitudinal components i.e

i.e.FI Ētt Et ⼝ Ē20 i ⼝ 或

toztci.ci㗝 器 ai Ee

9𣁦 twfEt.EE Ězo

器 wie_

transverse

longitudinal

For the transverse wave

Eli ⼼⼀ up2

For the longitudinal mode

w

up.cz



Dispersion relation of the free electrongas
W A plasma

dispersion

f itf
lghtl.ie

lick
Up

ˊˊ_
K

when Ws up transverse wave i É ⼀ can

propagate in metals

when we up i dispersion less w is independent of li

longitudinalmode corresponding to plasma oscillations

quanta of these

1 calledplasmons

when we up no mode transverse wave cannotpropagate

in metal they
are reflectedby the plasmainmetal
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