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7.3

x2

n2
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+
y2

n2
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+
z2

n2
3

= 1 (7.2)

n1 n2 n3
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33

+
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2yz

n23

+
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= 1 (7.3)
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⎛
⎜⎜⎜⎜⎜⎜⎝

1/n2
11 − 1/n2

1

1/n2
22 − 1/n2

2

1/n2
33 − 1/n2

3

1/n2
23

1/n2
13

1/n2
12

⎞
⎟⎟⎟⎟⎟⎟⎠

=

⎛
⎜⎜⎜⎜⎜⎜⎝

γ11 γ12 γ13
γ21 γ22 γ23
γ31 γ32 γ33
γ41 γ42 γ43
γ51 γ52 γ53
γ61 γ62 γ63

⎞
⎟⎟⎟⎟⎟⎟⎠

⎛
⎝Ex

Ey

Ez

⎞
⎠ (7.4)

γij i = 1, 2, 3 j = 1, 2, 3, 4, 5, 6 18
LiNbO3

3m

x2 + y2

n2
0

+
z2

n2
e

= 1

no ne O Ordinary

γ =

⎛
⎜⎜⎜⎜⎜⎜⎝

0 −γ22 γ13
0 γ22 γ13
0 0 γ13
0 −γ51 0
γ51 0 0
−γ22 0 0

⎞
⎟⎟⎟⎟⎟⎟⎠

γ22 = 6.8× 10−12m/V
λ = 632.8nm n0 = 2.2956 ne = 2.2044

2.2

z x

(
1

n2
0

− γ22Ex

)
x2 +

(
1

n2
0

+ γ22Ex

)
x2 − 2γ22Exxy = 1

x′2

n2
x′

+
y′2

n2
y′

= 1

nx′ = n0 +
1

2
n3
0γ22Ex, ny′ = n0 − 1

2
n3
0γ22Ex

n2
0γ22Ex � 1

no Ex

x′ y′

Ex′(0) = Ey′(0) = A l V

Ex′(l) = A, Ey′ = A exp(−iδ), (7.5)

δ =
2π

λ
(nx′ − ny′)l =

2π

λ
n3
0γ22U

l

d
(7.6)

y (Ey)0 =
A√
2
(eiδ − 1)

It ∝ |(Ey)0|2 = 2A2 sin2 δ

2
, T =

It
Ii

= sin2 δ

2

λ/2 δ = π T = 100%
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Uπ Uπ Uπ

Uπ =
λ

2n3
0γ22

d

l
(7.7)

d l
d l

U(t) = U0 + Um sinωt

T = sin2 πU(t)

2Uπ

= sin2

[
π

2Uπ

(U0 + Um sinωt)

]
(7.8)

U0 Um sinωt T U(t)
U0 Uπ/2

δ = π/2 T = 50%

1. U0 = Uπ/2 Um � Uπ

T = sin2

[
π

4
+

πUm

2Uπ

sinωt

]
=

1

2

[
1 + sin(

πUm

Uπ

sinωt)

]
(7.9)

=
1

2

[
1 +

πUm

Uπ

sinωt

]
(7.10)

2. U0 = Uπ/2 Um > Uπ

sin(Umπ/Uπ sinωt) sin(nωt) n = 2, 3, · · ·
3. U0 = 0

T ≈ 1

8

(
πUm

Uπ

)2

(1− cos 2ωt)

U0 = Uπ

T ≈ 1− 1

8

(
πUm

Uπ

)2

(1− cos 2ωt)

Uπ
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7.4: LiNbO3
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3.2

1. 7.4
2. 635nm LD1.OUT Ic 30mA
3. LiNbO3 AMP.OUT AMP.GND AMP

(HVS)
4. Si-PD PD1.IN
5. LiNbO3 45◦

LiNbO3

6. 0 V PD1 P
7. 0 200V 10V V P P

I I ∼ V LiNbO3 Uπ

3.3

1. Um0.1Uπ

2. Um 0.5Uπ 0.8Uπ Uπ

3. Uπ 0

1. θ

2.
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