Condizioni al contorno
Relazioni di Fresnel
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Riflessione e rifrazione

Onda s (senkrecht=perpendicolare) Onda p (parallel)
Polarizzazione TE Polarizzazione TM
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Onda TE e TM, conservazione fase all'interfaccia
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Metodo grafico per rifrazione
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Velocita energia=v,

Conservazione energia
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Onda TE
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Onda TE
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Onda TM
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Onda TM
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Pure dielectric u=1

n, =+ &M = \E

TE

™ ;

o cos@. —n, cos o, >
.= i
n,cos@. +n,cosf
)
2n,cos b,
_ 1 ]
E = E,
n,cos6, +n,coso,
oL cos@. —n, cos b, £
ro i
n,cos@ +n, cosb
2n,cos 6,
_ 1 i
E = E,

n,cos@. +n, cosb

"

£ - sin(@, - 6.) £
sin(6, +6,)
< .
E = 2cos@.sin 6, E
sin(6, +6,)
E = tan(6. — 6,) E
tan(6. + 6,)
< .
E = 2cos @ sin b, E
sin(6. + 8, )cos(6, - 6,)



tan(&’i — Ht) B sin(&’i — Ht)cos(é’ +6 )
tan(&l. + Qt) - sin(Hl. +6 )cos( )
B (sin . cos @, —cos 6, sin B, )(cos 8. cos B, —sin 6, sin 6, ) B
~ (sin 6. cos 8, +cos 0.sin 8, )(cos 8. cos 6, +sin . sin 6,) -

. 2 ) . 2 . . .2
B (sm 6. cos @, cos” 8 —sin” 6.sin 6, cos @, —cos” @, sin b, cos @, +cos G, sin @, sin Ht) B

- (. 2 . 2 . 2 . . .2 -
(sm 6. cosB.cos” 6, +sin” @ sin 6, cos G, +cos” @ sin b, cos G, +cosf, sinf. sin” G, )

B (sin@. cos . —sin @ cosb,)
(sin . cos @, +sin @, cos b,)

(sin@.cos b)) (sin@.cos b))

(sin 6. cos @, +sin 6, cos b, ) sm(& +6 )COS(9 0 )



Aria-Vetro

100

a0

Onda s=0Onda TE =

7l
Onda p=Onda TM =
1

A0

PERCENT REFLECTANCE

30

20

10

0 10 20 30 40 S50 60 JO 2D 90
AMNGLE OF INCIDENCE IN DEGREES




Aria-Vetro

Eleetnic Ficld
Paralle] to the
- Plane of lmeidepce

PERCENT REFLECTANCE

100

a

B

70

bl

a0

40

30

200

10

M 20 30 40 50 . 60 70 80

AMNGLE OF INCIDEMCE IN DEGREES .

Mo Heflected Ray

&0

0035 40 45 S0 55 BO B
angle of incidence (°)



Angolo di Brewster (onda TM no riflessione)
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Luce riflessa e polarizzata
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Angolo Brewster e teorema estinzione

Eleetne Ficld

U - ‘w*sin” @ .
|'II : / 5 = = 7'
iy ' 327[ E C‘
A

Non c’e emissione
lungo I'asse del dipolo




N

E}"

TE wave

E =

E =

E =

1, cos6. —n, coso

1, cos 6. +1, cosb,
21n, cos 6,

1n,cos@, +mn,cosb

Z‘E.

(

"

TM wave

E =

Pure dielectric u=1 7]=n

n,cos@ —n, cosd

n,cos6. +n, coso,

2n,cos o,

n,cos6. +n,cosf

lEl

"

Er

E =

1, cos @, +1, cos b,
21, cos 6,

1, cos @, +1m, cos b,

n2 cos @, —n, cos o,

n, cos @ +n, coso,

2n,cosé,

n,cos@ +n,cosf

E = 1, cos 6, 7710059E

Ei

Ei



"

TE wave
E = 1, cos@ —n,cosb, ¥ E =
) 7, cos6. +m,cosb,
o 21n, cos 6, E =
" 1, cosb,+n,coséb, !
| Pure dielectric u=1 7]=n
E = n,cosg, —n,cosb ¥ E -
) n,cos6. +n, cosb
<
o 2n, cos 6, F
" n,cosé +n,cos B
Pure magnetic ¢=1 / 1
E = n,cos@, —n, coso, ¥ E -
n,cos @, +n, cos@ )
<
E = 2n, cos 6, E =
n,cos6. +n,cos6

TM wave

1n,cos6.—n, cosb, |

1, cos6, +n,cosb,
21, cos 6,

1, cos @, +1m, cos b,

n2 cos @, —n, cos o,

n, cos @, +n, cosb

2n,cosé,

n,cos@ +n,cosf

/n.

n,cos@. —n, cos@

Ei

Ei

~F

n,cos@ +n,cosf

2n, cos 6,

n,cos@, +n,cos@



Pure magnetic &=1
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Perpendicular to the
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Aria- Vetro magnetico €=1; u1=(1.5)? Momenti
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Left handed material
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Waves equations
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Plasma Dielectric materials
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Wave attenuation Wave propagation
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Refraction from RHM to LHM




Refraction from RHM to LHM




Refraction from RHM to LHM
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Refraction from RHM to LHM
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Anomalous propagation
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Propagazione "anormale” (n<0) Vv,V <0




A metal rod in an Fill the glass with blueberry
empty drinking glass juice (n = 1.3)...

Positive Refraction




. . Now try the new recipe:
Negative Refraction negative refraction

A metal rod in an
empty drinking glass




Now try the new recipe:
negative refraction

A metal rod in an Fill the glass with blueberry
empty drinking glass juice (n = 1.3)...

These pictures are NOT quoted from science G. Dolling, et al., "Photorealistic images of
fictions; they are computer simulations published objects in effective negative-index materials,"
in renowned peer-reviewed scientific journals! Opt. Express 14, 1842-1849 (2006).
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