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Part 5: Optical properties of materials

k =
ω

c
=
ωn

c0
= nk0 (5.1)

Ex = E0 exp [i (nk0z − ωt)] (5.2)

E(A) = EAe
i(n1k0z−ωt), E(B) = EBe

i(n1k0z−ωt), E(C) = ECe
i(n2k0z−ωt)

H(A) = EA

Z1
ei(n1k0z−ωt), H(B) = −EB

Z1
ei(n1k0z−ωt), H(C) = EC

Z2
ei(n2k0z−ωt)

(5.3)

EA + EB = EC and
EA

Z1

− EB

Z1

=
EC

Z2

(5.4)

reflected
EB

EA

=
Z2 − Z1

Z2 + Z1

(5.5)

transmitted
EC

EA

=
2Z2

Z2 + Z1

(5.6)

reflected
EB

EA

=
Z2 − Z1

Z2 + Z1

=
n1 − n2

n1 + n2

(5.7)

transmitted
EC

EA

=
2Z2

Z2 + Z1

=
2n1

n1 + n2

(5.8)

E(A) = EA exp[i(n1k0~a− ωt)] (5.9)

E(B) = EB exp[i(n1k0~b− ωt)] (5.10)

E(C) = EC exp[i(n2k0~c− ωt)] (5.11)

~a = cos θa~x+ sin θa~y (5.12)

~b = − cos θb~x+ sin θb~y (5.13)

~c = cos θc~x+ sin θc~y (5.14)
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5. Optical properties of materials

i (n1k0 sin θa~y − ωt) = i (n1k0 sin θb~y − ωt)
= i (n2k0 sin θc~y − ωt)

(5.15)

n1 sin θa = n1 sin θb and so θb = θa, (5.16)

n1 sin θa = n2 sin θc and so sin θc =
n1

n2

sin θa (5.17)

−EB(x)

EA(x)
=
EB(y)

EA(y)
=

sin 2θc − sin 2θ

sin 2θc + sin 2θ
reflected (5.18)

EC(x)

EA(x)
=
EC(y)

EA(y)
=

4 sin θc cos θ

sin 2θc + sin 2θ
transmitted (5.19)

rij =
ni − nj

ni + nj

and tij =
2ni

ni + nj

(5.20)

r12 =
n1 − n2

n1 + n2

= r23 =
n2 − n3

n2 + n3

(5.21)

φ = 2Ln2k0 (5.22)

2Ln2k0 = π (5.23)

L =
1

n2

π

2k0
=

1

n2

λ0
4

=
λ2
4
, (5.24)

φ1 = φ2, φ2n+1 = φ2n + 2π and φ2n+2 = φ2n + 2π (5.25)

φ2 = φ1 + π, φ2n+1 = φ2n + 3π and φ2n+2 = φ2n + 4π (5.26)

n1

n2

sin θ > 1 (5.27)

sin θa ≤
n1

n2

, with sin(90− θc) = cos θc =
n2

n1

sin θa (5.28)

sin θc >
n2

n1

(5.29)
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sin θa <

√(
n1

n2

)2

− 1 (5.30)

n =
√
εrµr ∼

√
εr (5.31)

A1 = A0 cos θ (5.32)

I1 ∝ A2
1 = A2

0 cos2 θ = I0 cos2 θ (5.33)

An = A0 cosn δθ (5.34)

In = I0 cos2n δθ (5.35)

In ≈ I0

(
1− δθ2

2

)2n

, (5.36)

In ≈ I0I0
(
1− nδθ2

)
(5.37)

In = I0

(
1− φ2

n

)
(5.38)
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