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1.1: 5CB 4-Cyano-4' -pentylbiphenyl

(a) (b)

1.2: (a) (b)

liquid crystal display, LCD
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1.3: n

1.3

[21]
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1.3.1

1.3

n

nm

1

n = n

n S

S n i
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1
2

 3hcos2 i 1 (1.1)
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1.4: 3

hi (1.1)

S= 0 S= 1

1.3.2

Frank
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K felas Hooke
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1.5: E n

n k, ?

= k ? E jEj = E

felec
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2 0 ? E2 1

2 0  E n 2 (1.4)
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1.6: 45 IPS (a) (b) R, E

45 IPS

1.6 x d

x 45 E

E =  E 
p
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p
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n =  cos  z sin  z 0 Ftwist
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d
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1
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K22
 z 
z
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4 0 E2 sin2  z dz (1.5)
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n Euler-Lagrange
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2  z 
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16K22
E2 / E2 (1.9)
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0 E max 0 Ftwist

E max E2

90 TN

1.7

x +45 45 90

TN d z E

E =  0 0 E n  z 

n =  cos  z cos  z sin  z cos  z sin  z  

FTN

FTN =
d

0
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2

K11 cos2  z + K33 sin2  z 
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z
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2 0 E2 sin2  z dz
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d

0
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 z 
z
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dz

(1.10)

FTN FTN FTN  z FTN  z 

0 n Euler-Lagrange

K22 cos4  z + K33 sin2  z cos2  z 
2  z 

z2
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+ sin  z cos  z 2K22 cos2  z K33 cos2  z 
 z 
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 z 1 sin  z =  z , cos  z = 1

 z = z 2d  4  z (1.11)
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2  z 
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+ 0 E2  z = 0 (1.13)
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 z = C3 sin z + C4 cos z =
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(1.14)
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1.7: 90 TN (a) (b) RT, RB

 0 =  d = 0 C3 , 0 C4 = 0 sin d = 0

=
4 0 E2d2 +  2K22 K33 2

4K11
= m  m= 1 2 3 (1.15)

 z 0 FTN E Ec

Ec =
d

4K11 2K22 + K33

4 0
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1.4 Jones

Jones 1941 R.
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Ex
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Ay cos t kz + y

(1.17)

Ax, Ay x, y x, y

k z E Jones

J

J =
Axei x

Ayei y
(1.18)
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JLP x

JLP =
cos
sin

(1.19)

2 2 Jones M

MJ Jones Mpol

x

Mpol =
cos2 sin cos

sin cos sin2 (1.20)

planaralignment, PA Jones

MPA

MPA =

cos
2

i cos2 sin
2

i sin2 sin
2

i sin2 sin
2

cos
2

+ i cos2 sin
2

(1.21)

= 2 nd n = ne no ne no

d TN

Jones MTN X = 2 +   2 2

MTN =

sinX
X

cosX i
2

sinX
X

cosX i
2

sinX
X

sinX
X

(1.22)

  = 2 n  d 

M =

cos
  
2

i cos2 sin
  
2

i sin2 sin
  
2

i sin2 sin
  
2

cos
  
2

+ i cos2 sin
  
2
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1.5

1.5.1

in-situ
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1.5.2
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1.9: f 2r NA

1.8

Carl Zeiss, LSM 510

800 nm 100 nm 80 MHz

SpectraPhysics, Maitai 63 NA = 1 4

noil = 1 518
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Airy DAiry f 2r

DAiry = 1 22
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r

(1.25)

NA

NA NA = noil sin NA 1.9

sin NA =
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(1.26)

f
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=
noil

2

NA2
1 (1.27)

(1.25)

DAiry = 1 22
noil

2

NA2
1 (1.28)

DAiry = 409 nm Airy

SAiry = 1 31 10 9 cm2

2048 146 2 146 2 m2

Spectra Physics, 407A

SAiry 146.2

m 2048 vscan 1

pixel

vscan =
146 2
2048

1

pixel
(1.29)

pixel

1.5.3
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1.10:

[15]

[15,45,46]

m

1.10

1.10
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30 s

[52,53]

2.2

2.2.1

2.1

Merck, RMM141C TCI, 2-benzyl-2-(dimethylamino)-4' -

morpholinobutyrophenone 2.8 wt%

2.2a RMM141C

58 C

12 m

JSR, AL1254 500 rpmfor 5 s, 4000 rpmfor

30 s 150 C 1 EHC, RM-50
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1.5.2
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KEYENCE, VK-9710
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ITO 60
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Nikon, Eclipse LV100-POL 27

C Linkam, LTS420

Agilent, 33220A 10 kHz
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