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2.1: Optical configuration of confocal laser scanning micoroscope.
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(b) N 5um

2.2: Observation results of IC pattern with (a) confocal laser scanning micoro-
scope and (b) laser scanning microscope.
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2.3: Three-dimensional observation results of echinoid with confocal laser scan-
ning micoroscope with various focal planes. The z step size was 2.1um.
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B 3.1: Coordinate system.
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(b) s polarization

Xl 3.2: Rotation of polarization.
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X 3.3: Each component of electric vector.
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(b) NA 0.35

[X| 3.4: Electric field’s intensity distribution in focal plane.
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B 3.5: The ratio of intensity of z and z components to total intensity vs the NA.
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3.6: The optical configuration of ploarization confocal microscope.
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3.7: The ratio of intensities of z and z components to the total intensity vs the
pinhole size for lenses of various NA.
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4.1: Experimental set-up of ploarization confocal microscope.
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[X] 4.2: The observation results of three polystyrene particles with the confocal
polarization microscope (a). (b) Part of the cross section of the particle edge.
(c) The same cross section as (b) but observed with a conventional polarization
microscope.
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(a) (d)

(c) (f) 1(;I;n

4.3: The observation results of particles with various focal planes. The z step
size was 3pum.
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EZRITRWIZT TR, BENBOREFELBE T LI LNFAETHY, =R
TR R LB DRFETHDZ B30 o7,

LT, #ERBREAEBEIC L 2R OBERIZBWVWTY, /ERORIEHE
B I BAR O % RV R B B IR T & e,

32



.. . 20um-

(a) Confocal polarization microscopy (b) Conventional polarization microscopy

4.4: The observation results of ascorbic acid: (a) confocal polarization micro-
scope and (b) conventional polarization microscope.
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A

(a) Confocal

B

20pm

(b) Conventional

1 L] - L] L] L} Ly
Conventional
polarization microscope
si/
i % i, f
5 tioy AR §
8 oshsf o % §
z, ] » & - <
o |
5 . .
- Reduction of Bias
focal _
pblarization microscope
O 1
0 60

120

Position (um)

(c) Cross section

4.5: The observation results of section of nylon: (a) confocal polarization mi-

croscope and (b) conventional polarization microscope. (c) Profile along A-A’ line
in (a) and B-B’ line in (b).
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30um

4.6: The observation results of dragonfly eye with confocal polarization micro-
scope with various focal planes. The z step size was 3um.
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(b) (f)

(9)

(d) (h) 20pum

4.7: The observation results of tracheid. (a)-(d) confocal polarizaiton micro-

scope. (e)-(h) conventional polarization micorscope. The z step size was 1pum.
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RIS exp (—iwt) 25 & BRBIUMEY ML ORRBICKE L7
WERS I BRO IS CRER 24 F 72V Maxwell D F R

curlh = —kE (5.1)
curlE = kH ' (5.2)

EWET D, =EL.

k= %@+p— (5.3)
W
o= = (5.4)

Thd, BEOWEE L IX
K2 = —kyiky (5.5)

TExbNhD, T T, REMOCHEICETIEITIENBRF I ITL-oTRL, K
WCHETAIRIIEF O TERT LD LTS,
BAEFMFITE & HOBRRS PERREH%E CElE,. Thbb
I I
rorr = e
tang = Iltang
Th5B,
BREGEMRET 52012, AFEE® & HO B X URONTIZEIT 55 E® H®)
LT, REBOEE TIX, 2K (BELE 2B B ECOHC 25% 5,
2 DOEIRITB T 5 L2EBHIT
E=E® + E® ROAE }
=E®) BROPNE
LRIND, MBI MbERICRIND,
A B OFE T,

x = rsinf cos ¢ }

}Where r=a | | (5.6)

(5.7)

y = rsinfsin ¢
z=rsind

(5.8)

RO TERINDREE 0,0 ZHND, EBDRY bV A DR DB F EE
2> DERPEERE A~ DRI,
A, = Azsinfcos¢p+ Aysinfsing + A, cosd }

Ap = Ay cosfcosp+ Aycosfsing — A,siné
Ay =—Agsing+ Aycos¢

(5.9)
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TEZBND, ZhODARE curl AITEAT S &,

_ 1 0 (T‘A¢ sin 9) _ 0 (TAg)
(curld), = 55d 0 B J (5-10)
1 4o (A ) 0 (rA¢ sin 6)
(curld), = 7 } (5.11)
. 8(7“Ag) d(A,)
(curld), = ;{ 5~ g } (5.12)
2%, UbEV, Sty 2 HEX(5.1)(5.2) ZEREETRT L,
_ d(rHysing) 0 (rH,)
kB = T 55 ) (5.13)
-—klEg — 1 0 (Hr) 0 (TH¢ sm 6) } (514)
rsind
_ B(rﬂg) _0(Hy)
kB, = ;{ 5 50 } (5.15)
. 1 (O(rEgsin) 0 (rEg)
Rl = e\ o8 i (5.16)
koHy = 1 (0 (E ) 0 (rE¢ sin 0) } (5.17)
rsind
_ (TEO) 9 (Er)
kyH, = -?;{ R } (5.18)
Ly, BEREX(5.6) 13,
E(I) E'(H) E(I) E(H)
H(I) H(H) H(I) H(H) fOI‘ r=a (5.19)

LB, R (5.13)~(5.18) &K (5.19) 23 Mie DEROEBFBRTH 5,
INLOFBEOME, TNENR (5.13)~(5.18) 2z L. EWic 1 KA 72
% (CECH) & ("E,H) 0fik LTHRT, L. Zhbid,

¢E,=E, °H,=0 (520)
BLG
mE =0 ™H, = H, (5.21)

BT LOET B, ChbOBTRAERFERLFE LR L ERET 5, &
(5.14) LR (5.15) TH, = H. =0 L F5 &

e 19 .
KBy = ~5-(r°Hy) (5.22)
€ 1 8 e
WEs = —==(r°Hy) (5.23)
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LB, ThE, R (5.17) LR (5.18) LICRAT S L

62 2 e _ kl BeEr
(W +k ) (r Ho). = Tnd 99 (5.24)

2 e
(_3_ + k‘z) (r*Hy) = +k18 By (5.25)

or? 00
PEBND, K (5.13) LT, K (5.24)(5.25) B, °E,.° Ho B LU H,, 27k 3
HFRATHD, LrLl, ZhdH OB TN THENRGERTOTITRL, #Hh
G div'H = 0 272 SR TIERLRY, ZDLE, *H. =0 WHRETH
Bigh & REE TR T &

6 : € 8 € —

% (Slna Hg) -+ 55( H¢) = 0 (5.26)
Lpy, K (5.26) BELTIE, X (5.16) ITHBMICERE SN D, BERLITR
(5.22)(5.23) 3K (5.16) IZfRATH &

1 918 ,. .. a .
e [55 (sin°Ho) + 57 H¢)] (5.27)

L7y, K(5.26) BRI TIIE, ERXBEENTHRINDI DL THD, oz
CFERIZLT, ™E, = 0 DEARITHRILT 5,

BB DB E 1 Th DRIE. BRI (electric wave) & FEDY, BHOBE
BB n Th S, BKIE (magnetic wave) & FEIEN 5, BLTIZ, Zhbdix
 Debye &7 > 2% /L (Debye’s potential) & V9 A A T —RTF Ly eIl & ™I 5
LENENEIND Z LR T 5,

FUHIT, R (5.16) ICBWTH, =0 THBI L EAVS &, °E, & By iXA T
77— O HEL

0 =

e 1 8U

By = rsin6 o¢ ’ (5.28)

ey 10U

Hy = -0 (5.29)
ILE > THRBETED, 22T

_ O (rell)

U= =5 (5.30)
LB &, R (5.28) 1.

e 162 (reIl) ,

B = %00 (5.31)

e 1 0%(remD) ' ,

Bo = oo drdg (5.32)
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Lk, hky, R(5.22)(5.23) i
O k1 9 (r°Il)

Ho = Mgy =T (5.33)
e _ k‘l c’)eH _ ,Cl 8(7‘611)
Hy = _sinf 8¢ rsinf 9¢ (5:34)
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B = —rsina{'éé(sme %)+ o 39° ) (5.35)
BELND, ZZT
r = (2 1) e C (5.36)
- \or? '
EEL, R (5.10)(5.11)(5.12) 2= (5.24)(5.25) IRAT B &
. 0P OE,
sm05—9—+ 3% 0 (5.37)
. QP  &°E,
smO%—t- 0 0 (5.38)
BRED, ERXofiz L s,
TR ey
(smﬂa—é + —(,-)—(z) (P+°E,) = 0 (5.39)

iV, P+°E, =const £720, BFEEu ltiEL &,
1 62 (reII) 1 8 (. 0°10 1 9%l
r o or? r25in 6 99 (sm@ 09 ) T 6 og2
LB EWRTS, ZoREY, K (5.35) i,

02 (reIl)
or?
EETS, kX, R (5.31)-(5.41) K (5.13)-(5.18) K EBEFBROMETH S =

LBFEHATE B,

FIRRIC, BERIITH L CIT IR, “THicx 23 (5.40) & B Uiy HiR &
FTRF VR A I NS, TRTORNET 5, ERFRROZBLRMT, 200
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2 (€
9 é;n) + K2rell (5.42)

. m o 107 (reIl) 1 d(r™)
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e m 1 9% (reIl) 10 (r™)

Fo - Eo+" By = rsing Ordp kz;_BT (5.44)

2 (o

Hr = eHr +m Hr = "a%&g) + szrmH (545)

102 (r™II) 1 9(rel)
H — e m = —_— JRSEN. WA .

¢ Ho+" Ho r Ordf 'rsing 04 (5.46)
o, m 1 82 (r™) 10 (reIl)

Hy = “Hot" Ho = s 0050 v o0 (5.47)

HF s v el & IS, BAHTRR (5.40) DRECTH B, 3 (5.40) 1
By

VII+ KT = 0 (5.48)

ERBEICE L bOThB, Fic, BREHIL, B ByH, 350 E, 5, HE
Bir=a FClgELY

kireIl, kor™II, 2 (reIl), £ (r™II) (5.49)

LB, TNTZOEBEL, fROBERAKEE2HETIRHHFERXD 250
BHWIHSL 2R E RO D Z L ITRET 5,
B & 5EA (Helmholtz) D& b —iRHI R EE BT X DARIT,

o= 3 i [ At (k) + Bumxt (k)] Yim (6, 9) (5.50)

=0 m=—1

LREND, Ay & B (HEEES, o & xi 1 Ricatti-Bessel function[24], Vi, (0, ¢)
14 sherical harmonic function[25] TH 5, L7 -T, AHE (FF ). &iELE
(BF s) WEE (BF w) OABT—RT v I (5.50) LRIC & g T
ZEBHED, ARBIL.

00 l

rell® = Z Z Alm'ﬁbl (kr)Yim (9a¢) | (551)
=0 m=~1 .
o) l

PO = 35S Byt (br) Yie (6, 9) (5.52)
1=0 m=~1

THD, L, 3RERTHC TR O TYWENICE» LD TERS Uiz, #iEL
1N

(o) l

reII® = 3 S Gt (kar) Yim (6, 9) (5.53)
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oo 1 : )
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EREL, &= —ix; T 5, RONEEIE,

oo 1
ren(w) — Z Z CimWy (]i?g?") Yim (9a¢)
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00 1
PP — Z Z dymth (kor) Y, (0, ¢)

=0 m=~I

tRIND,

(5.55)

(5.56)
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=1 m—-l
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Y,, (6,
+ ikadlm'Ih (k‘g’r’) J-S_;S.’—l’é.@) (5.64)
Eq(f) = % > (zmkzclmzpll (kyr) ?—}i%%w
=1 m
Yim (6, 9)
- Iiizdlm"lﬁ[ (kz'l”) ——SII-I_H-——) (565)

LRIND,
Wi, BEBCBIT 288 aym,bim NERFITIIT D588 cim,dim, 2RO D, FEHR
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ERIND, nIFERLBITETHY, KATERINS,
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BB L LT, BRE A, Bim, ZAR/BZ P ORD D, AFHPERORKRE LITH
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BO@0.0) =3 3 canYin (0,9 65m)
=72 L.

em= [ 2“/0" sin 05D (a, 0, §) Yy (6, ¢)dodg (5.72)
r—a BRA LIS (5.57) L2 (5.71) £V

! (l NAD i) = e (5.73)
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Alm -

2% pw .
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LRI,
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BDOARSE., BES. BLORONIBOBHEE IR NRET S,
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Fiz, RO —ABAFTTB L, REZONBLOERT TCHEPERFEHE
DELRBRLEEL WD Z EB00n5,

45



Plane wave Arbitrary incident wave

5 &

Spherical particle
(a) (b)

K 5.1: (a) Mie theory. (b) Expanded mie theory.
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=

Incident beam

X 5.2: Coordinate sysytem.
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Incident beam

}

N
7

(a)

(b)

5.3: (a) Calculation model of expanded mie scaterring theory. (b) Calculation
results of intensity distribution in y-z plane for a transverse polarized TEMgq
mode focused Gaussian beam propagating in +2z axis directon incident upon a

homogeneous sphere various focal point positioning.
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5.3 i AEEREMBORSEEY
5.3.1 HHEFIE

SRR CEEMEE THUNRZBIE LTz & & DZRTHREBEMEE Mie 0B %
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ETBHL1IEHEVBRHENDHEE [(2,y) 1X. LTO L IcREIND,

400 ptoo 2
I(x,y) = I/ / ES("LB Y, z) da?dyl,,:z(, (5.76)
—o00 J—o0
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DEEBREES, |

49



Polarizer

®

| o y
Laser beam A Obj(ectlve
s X
pherical
Analyzer - > pherics
Lens
—Y-——Pinhole
Detector

] 5.4: Calculation model for the image formation characteristic analysis to observe
a spherical particle with confocal ploarization microscope.
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5.3.2 ° EHEAEDREE

~ T. Wilon[10] & 2SERFREIIZR® 7o sRBEL D 8 B R LB BER & L3

5. B55 TH/NROEREE R 2L &, HEREREEERECHEONIBET
T BERITIz —y FEOBESMERT, K5.5(a) X, ¥Ba=25) (b)X.
20 =15 (c)iX, ¥Ba=05)\Thb, BIROEEREZ/NIEI LTV &,
T. Wilon[10] 5 DFER L —BT DT L350 d, ZhE b, ZOFHEFEXELWN
LWz B,
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(c)

5.5: Calculated results for the images obtained by use of a confocal polarization
microscope. The mages are of particles with radii of (a) a = 2.5), (b) a = 1.5,
(c) a = 0.5\
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Polarizer

Analyzer

z=-0.5a

(a) Confocal polarization microscope

' . Yy N
-~ /7 \ 7/

(b) Conventional polarization microscope

5.6: Calculation results of image observed a spherical particle with (a) confocal
polarization microscope, (b) conventional ploarization microscope.
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(a) Confocal polarization microscpe
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(b) Conventional polarization microscpe

5.7: Cross sction of image of calculation results. (a) Confocal polarization
microscope. (b) Conventional ploarization microscope.
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(b) Conventional polarization microsccpe.

X 5.8: Cross sction of image of calculation results. (a) Confocal polarization
microscope. (b) Conventional ploarization microscope.
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X 5.9: Calculation model of Mie scattering on or above the substrate.

58



5.4.2 EHESEQRE

[ 5.10 (2 BA% L7 3H 85k & Barton DR [23] L B LIRERE T, E
(@) 13. ABRHRH T T = AT, FEBERDIRVGE OIEEELS D ~ BhikTE
THY. Barton DFERTH D, Bk (b). (¢). (d) 1%, ThENFERERDOIEN
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(a) d=oo (no substrate) |
—- (b)d=1.3a
------ (c) d=2.5a
— — (d)d=9.0a

Intensity(a.u.)

*8.0

2?0 3.0
Position(a)

X 5.10: The cross sections of electromagnetic field along the z direction. The
solid line (a) represents Barton ’ s result in Ref. [23]: the scattered field without a

substrate. The broken lines (b), (c) and (d) are the cross sections when a dielectric

substrate exits at the z = +1.3a (d = 1.3a), 2 = +2.5a (d = 2.5a) and z = +9.0a
(d = 9.0a), respectively.
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4 4
Focal position y=0.0 y=1.25a

d=0.1A

g
|critical angle

() (®

5.11: The scattered intensity distributions in the y — 2 plane by a dielectric
particle near a dielectric substrate. The refractive indices of both the particle and
the substrate are 1.5. In (a), (b) and (c) the laser beam is focused at the center
of a particle or (z,y,2) = (0,0,0), while in (d), (¢) and (f) the beam is focused at
(z,y,2) = (0,1.25a,0); (a) and (d) show the scattered field without the substrate
or d = oo; (b) and (e) show the field of d = 2.5a, and (c) and (f) show the field of
d'="T1a.
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Focal position z=0.0 z=0.75a

=

(c)

5.12: The scattered intensity distributions in the y — z plane by a metal particle
near a dielectric substrate. The refractive indices of the metal particle and the
substrate are 0.9744 + 1.850¢ and 1.5, respectively. In (a), (b) and (c) the laser
beam is focused at the center of the particle or (z,y,z) = (0,0,0), while in (d),
(e) and (f) the beam is focused at (z,y,z) = (0,0,0.75a); (a) and (d) show the
scattered field without the substrate or d = oo; (b) and (e) show the field of
d = 2.5a, and (c) and (f) show the field of d = 1.1a.



NI ﬂ ——d=11A |
[ —-—d=2.5\
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5.13: The cross sections of Figs. 3(d), 3(e) and 3(f) along z axis. The full width
at half maximum of the peak is about 0.25a.
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X 5.14: Calculation model for the image formation characteristic analysis to ob-
serve a spherical particle on substrate with confocal ploarization microscope.
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Polarizer

Analyzer

z=0.0 =+0.5a

(a) Confocal polarization microscope

N .

. ~—

(b) Conventional polarization microscope

5.15: Calculation results of image observed a spherical particle on the substrate
with (a) confocal polarization microscope, (b) conventional ploarization micro-
scope.
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Transition moment

Polarization direction
of excitation light

X 6.1: Relation between the electric field vector of excitation light and the tran-
sitional moment of a fluorescence molecule.

/

polarization direction
of excitation light

[¥ 6.2: Excitation probability of fluorescence.
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Abso

Dichroic mirror

¥ N

Excitation
filter

ption

Stokes shift

Detector

Reflective index Transmission index Absorption filter

Absorption Excitationfilter
filter

Dichroic mirror

Emission
Wave length — 4> Objective

————— Specimen

6.3: (a) Excitation and emission, relations the reflection and transmission char-

acter of excitation filter, absorption filter and dichroic mirror. (b) Optical path of

fluorescence microscope.
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47GIan—Thompson prism
_4& Beam expander

Dichroic
L3 Ar+ laser
A4 plate  (A=514.5nm)
Objective
(40x NA 0.75)
“t,,—SpeC|men
\_ XYZ-Stage

[¥ 6.4: Optical configuration of ploarization confocal microscope for fluorescence.
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Cyanihe Polyvinyl alcohol
dye \ (PVA)
-(CH2-('3H)- (\
OH
O '

~100°C distilled water Vertical spin-coating

X 6.5: Schematic diagram of the vertical spin-coating method.
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6.6: Absorption (thin solid lines) and dichoic (dotted line) spectra of oriented
J-aggregates of PIC-Br in a PVA film measured at room temperature. Absorption
spectra were measured for parallel(||) and parpendicular(.L) ploarizations to ori-
entation axis. Calculated spectrum is also depicted for parallel (closed bar) and
perpradicular (open bar) polarizations.
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(a) (b)

X 6.7: Observation results of Cyanine dye. (a) parallel polarized incident beam
in the direction of the rotation. (b) perpendicular polarized incident beam in the
direction of the rotation.
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Polarizer

e e

30 60

z=-5.0um

z=0.0um

z=5.0um

(b) ‘ (128um X 128u;n)

X 6.8: Observation results of the fluorescence of perylene wtih (a) conventional
ploarization microscope, (b) confocal ploarization microscope.
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6.3.3 1,6-diphenyl-1,3,5-hexatriene(DPH) #& 0D & Rt 8
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O-eeen i

B 6.9: Structure for DPH.

© © o
Z interval 1Tum
(a) Confocal polarization microscope (b) Conventional polarization microscope

X] 6.10: Observation results of the fluorescence of DPH wtih (a) confocal ploariza-
tion microscope, (b) conventional ploarization microscope.
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1.0 —_——— —
——— Confocal (A-A")
i - Conventional (B-B')

Intensity (a.u.)

Position (um)

B 6.11: Cross section of observation results of the fluorescence of DPH wtih

confocal ploarization microscope (solid line), conventional ploarization microscope
(dash line).
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6.4 EAFRAEROEWA~OREE
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Antibody labelled by fluorescent probe

/

Binding
i

Lol ol

Antigen

6.12: Biomolecular interaction.

Fluorescent probe

i

X 6.13: Orientation of cell membrane.
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BRBEOEICAE Lz, KIZ, ZORBREITK Iml 2%, 65CTRELE, 2
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Chloroform \ /- Phospholipid Chlorofonn\ F Dry nitrogen stream

Phospholipid solution

Fluorescence probe

Vacuum
chamber

-

W Watar(50°C)

6.14: The method of producing liposome.

[¥] 6.15: The structure of phospholipid.

\\\
R e

-BJ 1]
CH3lCHly" F™ °F  “(oH,)g—C—OH

X 6.16: The structure of fluorescence probe.

87



L Lipid molecule
O: %O _—Fluorescent probe

-

]
SR,

6.17: The structure of lipsome labelled by fluorescence probe.

Polarizer

Analyzer

2.5um

(a) Confocal polarization microscope  (b) Conventional polarization microscope

[X] 6.18: Observation results of the liposome stained with BODIPY wtih (a) con-
focal ploarization microscope, (b) conventional ploarization microscope.
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Polarization direction
of fluorescence

Polarization direction Polarization direction
of excitation light of fluorescence cut by analyzer

X 6.19: The image formation of liposome.
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‘Laser x-polarization

Objective NA 1.2

Surrounding media:
water(ne=1.33)

Zf=2.0a

7777 7/7 Gold substrate
Substrate -
/Substrafs //(ns (0.9744,1.850))

7
7

A.1: Calculation condition of potential of radiation force for a spherical particel
near a substrate.
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A.2: Calculation results of potential of radiation force for a spherical particel
near a substrate and light-intensity distributions.
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A.3: Cross sction of the potential along z-axis with substrate, without substrate
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¥ B.1: The character of dichroic mirror for Ar* laser (A
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[ C.1: The character of dichroic mirror for blue diode laser (A=408nm).
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Ccs. HIR

For8— 3-FFui- A B Cc D MBEAE no
2-64 2030 648-725 750 620 - 44 1.507
2-58 2403 637-648 678 617 15 43 1.507
2-59 2404 628-637 667 608 15 43 1.507
2-60 2408 619-628 658 599 15 43 1.507
2-61 2412 610-619 649 590 15 43 1.507
2-62 2418 599-610 640 579 15 43 1.507
2-63 2424 588-599 629 568 15 43 1.507
2-73 2434 578-588 618 558 15 43 1.507
3-66 3480 567-578 608 547 15 43 1. 507
[3-67 3482 544-567 597 524 15 43 1. 507|
3-68 3484 527-544 574 507 15 43 1.507
3-69 3486 513-527 557 493 15 43 1.507
3-70 3384 491-513 558 466 20 89 1.506
3-71 3385 466-491 551 441 25 89 1.506
3-72 3387 436-466 541 an 30 89 1.506
3-73 3389 416-436 511 391 35 89 1. 506
3-74 3391 400-416 491 - 35 89 1. 506
3-75 3060 T266<.5% Ta0s>40% 104 1.521

X D.1: The character of filter.

107

220 260 300 340 380 420 460 500 540 580 620 660

700

740



