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UT Total Internal Reflection IT Surface Wave

Snell's law for total internal reflection (to air, n, = 1): N
( ¢ ) The electric field E, of the wave in the low-index medium (here air) is an evanescent wave:
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propagation decay
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real number > 0
Components of the wave vector 1?:5 The surface wave propagates along the interface with
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and exponential decay in x-direction given by
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Electric field of transmitted lightis £, = Eyc/7 <t 1 k| = kg = —
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Inserting k. and k., in phase of E; then gives
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AT Optical Tunneling

AT Goos-Hanchen-Shift

Bergmann-Schéfer, Optik

Nanooptics 5/5

/V*ﬁf\

Nanooptics 5/6 Bergmann-Schafer, Optik

T

1.2 Surface waves

1.2.3  Optics in metals
1.2.4  Surface Plasmon Polaritons

Nanooptics 5/7

AT Light Propagation in Metals

Model : Electron gas
Parameter : Charge density p = f - (—e)
with number density f

E :Ex :EO .eikz .efiwt
2z .
k= n(co)Z with  n(w) = /(@)

¢ >0 : Propagating wave
¢ <0 : Damped or evanescent wave
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SAIT Dielectric Function of a Free-Electron-Gas

Interaction of an electron with the electric field E in the electron gas:
mi(t)=—eE() E(t) = E, exp(—iaot)

Ansatz:  x(f) = x, exp(—iat)

@

—a’'m x(t) = —e E(t) x(1) = E(t) (phase shift of 180°1)
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With ,dipole moment‘p = —ex and number density f of the electrons, it follows
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orwith @, := f—e g(w)=1-—=
\eom (0]
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AT Propagation of Light in Metal (Plasma)

Dispersion relation of electromagnetic waves in the electron gas:
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AT Plasma Optics
Damping region Propagation region
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AT Volume plasmon

Longitudinal resonances of the plasma:

R i biseckeiasd

Charge density oscillation. The arrows indicate the displacement of charge.

Resonance: D=¢, E+P=¢,8(®
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AT Surface Plasmons
(SP - surface plasmon; SPP - surface plasmon polariton)
Dielectric
82 E z
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& Plasma
z<0: z>0:
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AT SPP — dispersion relation

Boundary conditions:
Exi=Ex; (ZEx)
Hyl = H;v2 (= H;v)

= ku =k (=ki)

Maxwell equation:

a,H. —d.H,
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