
Condizioni al contorno
Relazioni di Fresnel
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Normal incidence













+
=

+

−
=

it

ir

EE

EE

21

1

21

21

2

ηη

η

ηη

ηη

TE = TM

No reflection if
same impedance
(not same n!!)















+
=

+

−
=

i

ti

i
t

i

ti

ti
r

E
nn

n
E

E
nn

nn
E

θθ

θ

θθ

θθ

coscos

cos2

coscos

coscos

21

1

21

21

TM

( )
( )

( )











+
=

+

−
=

i

ti

ti
t

i

ti

it
r

EE

EE

θθ

θθ

θθ

θθ

sin

sincos2

sin

sin

i

i

i
iiiii nn ====

µ

ε
ηεµε

Pure dielectric µi=1













+
=

+

−
=

i

ti

i
t

i

ti

ti
r

E
nn

n
E

E
nn

nn
E

θθ

θ

θθ

θθ

coscos

cos2

coscos

coscos

12

1

12

12
( )
( )

( ) ( )











−+
=

+

−
=

i

titi

ti
t

i

ti

ti
r

EE

EE

θθθθ

θθ

θθ

θθ

cossin

sincos2

tan

tan

TE



( )
( )

( ) ( )
( ) ( )

( )( )
( )( )

( )
( )
( )
( )

( )
( )

( )
( ) ( )titi

ti

ttii

ti

ttii

ttii

tiittittitii

tiittittitii

titititi

titititi

titi

titi

ti

ti

θθθθ

θθ

θθθθ

θθ

θθθθ

θθθθ

θθθθθθθθθθθθ

θθθθθθθθθθθθ

θθθθθθθθ

θθθθθθθθ

θθθθ

θθθθ

θθ

θθ

−+
=

+

+

−
=

=
+++

+−−
=

=
++

−−
=

=
−+

+−
=

+

−

cossin

cossin

cossincossin

cossin

cossincossin

cossincossin

sinsincoscossincoscossinsincoscossin

sinsincoscossincoscossinsincoscossin

sinsincoscossincoscossin

sinsincoscossincoscossin

cossin

cossin

tan

tan

2222

2222



Aria-Vetro

Onda s=Onda TE

Onda p=Onda TM



Angolo di Brewster

Aria-Vetro
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Angolo di Brewster

Aria-Vetro magnetico εr=1; µr=(1.5)2
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A metal rod in an 

empty drinking glass

Fill the glass with blueberry 

juice (n = 1.3)…

G. Dolling, et al., "Photorealistic images of 
objects in effective negative-index materials," 
Opt. Express 14, 1842-1849 (2006).

These pictures are NOT quoted from science 
fictions; they are computer simulations published 
in renowned peer-reviewed scientific journals!

Positive Refraction



A metal rod in an 

empty drinking glass

Now try the new recipe: 

negative refractionNegative Refraction



A metal rod in an 

empty drinking glass

Fill the glass with blueberry 

juice (n = 1.3)…

G. Dolling, et al., "Photorealistic images of 
objects in effective negative-index materials," 
Opt. Express 14, 1842-1849 (2006).

These pictures are NOT quoted from science 
fictions; they are computer simulations published 
in renowned peer-reviewed scientific journals!

Now try the new recipe: 

negative refraction
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