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VXE =rotE =——
o (2.1)
VxH=r0tH=j+(2—D (2.2)
t
V-D=divD=0 (2.3)
V-B=divB=p (2.4)

ZZTEDBHIIENTNEY, WY, B\AREE, BEBEST MvERL, |,
T ENENEREBE BWEELZET 4N,
B DN EZE R E X E R A5 T 5 & & Maxwell HEAIT

oB

VxE=rotE =——
Py (2.5)
VxH=rotH =—‘Z—D (2.6)

t
V-D=divD=0 2.7
V-B=divB=0 (2.8)

L s,
ZZCEREE D, W B,

D=¢,E (2.9)
B=u,H (2.10)

DBIRMEC Y STD. T Z Tep poldETNENEEHOFER, BEEFOBUMETH L.
EFED Maxwell HEXTH 5(2.5), (2.6)i%

ﬂ

VxE=r0tE=—% (2.11)
ot
VxB=rotB = u,é&, 6aD (2.12)
t
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Maxwell FH2R(2.11),2.12)% A5 & z sk + 2 6ot

E=Aexp{i(a)t—kz+(p)} (2.12)
LD,
T 2T a I3 HRNE, DXL 3R o0 VA TR, IR, K I3, 2 13T T M DAL, @
ITNAHTH 5.

e & 1T BAR D ZERIAIAR - 72 F I IRE) LT B4R 08 & RS 40 72 s+
LER A xy B, EnEh e X7 hLAATRT &,
E =A exp{l a)t—kz+<py)} (2.13)
E =A, exp{i(a)t—kzﬂpx)} (2.14)
LD,
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S=, -, (2.15)
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Ry DIRNE A, A, CHRFE D . HIC xy KD OIRIE A, 4,75 1 O L EAAMEI N2 DL
=X(2.13), 2.14)i%
E, = A, exp{i(wt-kz)} (2.18)

E.=A, exp{i(a)t—kz+§)} (2.19

&0, BROEGEAZ FVEHIRICEER L, X 2.1(b)D X 512 Z OfFLIRE 2 FR L
EW DL ET, x BROTITHR L, y BAr DAL w2 A TV D & E IXREHEI D ITEA L,
CZORIGREBE A FIRE & WD, x BICR LT y B2 2/ T g & & 1TRFE!
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yl
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X
by
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(c) Elliptical polarization

Fig2.1 Polarization
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212 Ab—=J R« NT A=A

BIARIEIF A D NAT A =5 CRT LN TED ZNEDATA—FEA =)
R8T A= LS ),

s E.E.+EE; - A2 L A2

0 x ¥

o sl EE -EE] | AT-A7 (2.90)
s EE +EE, 2A,A,coso '
53 i(EE, - E,E}) 24,A,sind

TS IIHERE AL, S, Sy S5 1EE IV UK E R AL 57, 45 B AR YRR ST,
Fi w5y 7 KT Eyy EyIZENEI x FOEMS7 by FOEBEMRS T SV
F LA, AJNTENEI X 57,y B DIRIEZ £ U0 1% E,, E, DN FZEE R

A= R« XT A =2 E RZRFERICT 5 7o DI RE TR T &,

So I,+1,
s=| - 2.21)
S, I, -1, 2.21
3 IR_IL
&%

Z T I Iy dyse Iyzse Ip I V7 AU FUZK S BLBRAR 6 A 4, T 1B ELRR AR 6 3l 40, 5 A 45° B #%
{657, 50 135 LR Y AR 43, A PR E R 5y 22 FUR Gy DR E Cdh 5.
A RN—=T R« IRT A—=HF % S, THELT 5 &,

1
SI/SO
85/ (2.22)

83/50
L%,

# 2.1 ITREMRFEIRIEEL 2 F—27 2 « RF A =2 ORGREZRT. AEEGRRE
XLy DH 1 THHE-OXQ2)MNDH[1,1,001E 720, BEERFEECXLOH 1 THDHI-
HRQ22D)15H[1,-1,0,0]1 & 72 5. Fiz, 45°EHBRIEIE LD 1 THHT2HXQ21)005
[1,0,1,0]& 72 0, 135°EMURICIT L3 DFr 1 Th D022 5[1,0,-1,01& 20, FH
MR DFA 1 THDH7-HRQ2)15[1,0,0,11& 720, ARFELXLOHR 1 THS
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Lisso, Ip, [ 3T T 1 £ 720[1,0,0,01& 72 5.
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Table2.1 Stokes parameters of fundamental polarization state

Polarization state Figure Stokes parameters
. . 1
Horizontal linear 1
polarization 8
— 1
Vertical linear 1
polarization 8
1
o o 0
45°linear polarization — 1
0
1
o o 0
-45°liner polarization — |
0
1
Right circular 0
polarization 0
1
) 1
Left circular 0
polarization 0
-1
1
. 0
Random polarization 0
0

S 2 517

N
—
w
)l

R 2 T —ATHNEME & s, AT IR TR T SIS ED XD iRt D L&
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Fig2.2 Relationship between input and output of states of polarization

X 22 DX TINDI 2T —178ZE MY FIVEBREIHD A R—27 &« %
TA—H %S LT85,

S'=M-S (2.23)
S(/) MOO MOI MU2 M03 SO
§= ﬁoﬁlguzg jl (2.24)
2 20 21 22 23 2
S?: M30 M31 M?Z M33 S3

Q219D X H OB TREDL LN > TAHF DR b —2 235 A =% 78
BHESNDEH T ND 2T —(THIPRE SN D, £22ITHHE T 0 OEBRE
FNCT DRI T, O o, EIRIFAAIZE § 2R ONAM T, BB ZE N DL &
DONABFZ = Bk, BIEITAARZE O S e /2 DL & % 14 WER, AFEORLIRE
DI Z R B2 6, HALORET e+, ZiEtz 7 o2 MEtis 3 2 B EK
LWV S TEREWRNEFFERTFORI 27 — 1785877
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Table2.2 Mueller matrix of fundamental polarization device

Polarization )
Mueller Matrix
elements
. 1 cos26 sin26 0
Polarizer 1| cos20  cos’20  sin20cos20 0
(principal axis 0) 2| sin26 sin26cos2 sin26 0
0 0 0 0
Retarder 1 0 0 0
fast axi 0 1-(1-cosA)sin®260  (1-cosA)sin26cos26 —sinAsin26
ast axis
( 0 (1-cosA)sin20cos26 1-(1—cosA)cos’20  sinAcos26
sinAsin —sinAcos cos
,retardation A 0 inAsin26 inAcos26 A
1 0 0 0
Half wave plate 0 cos40 sindd 0
. 0 sin4fd -cos46 O
(fast axis 0) 0 0 0 -1
1 0 0 0
Quarter of plate 0 cos’20  sin26cos26 —sin26
. 0 sin26cos26 sin” 26 cos26
(faSt axis e) 0 sin26 —cos26 0
1 0 0 0
Rotator 0 cos26 sin20 O
( incipal . 9) 0 -sin26 cos26 0
principal axis o o o 1
1 000
. 00 00
Depolarizer 0000
00 00

2.1.4 IR

BIEITE X, 2 00BITEEFSOZETHD. 2F 0, XTI THROBREHE N
B HZEThD. K24 XEIERENZI nyn OERATWIEZ FE LT & = Ok
TERT. 2.50%, X 2.4 OfFYHE Ex,Ey Z 2T CETICERLELDTH S.
BT DRSO MIITE RIS U BRI ZE A 23 E T 5 0,
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Fig2.4 Birefringence

Fig2.5 Principle of birefringence

#IEHT An 1T,
An=n, -n, (2.25)
EIR D LTeh o THEIBYTALFZE A 13,
_2a(n—-nyd _2m-An-d
A A

Lheb. T2 TAdFEREIMEMROIES, 2IFHETHS.

SE DT B AN T AL 2 AR, S EE DS N TTA & AR & PEOY,  dEAH D & AR
WA FAR L CHEIBIT O EdhE VWD . Lo T, BEEITNEITEEITAARZE & Bl
MLOWENEREND.

A (2.26)
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20 BREERA v MEGE
MLFF EREFO _EEER b—7 AR

HDRIARIEZE DT T 272D DA R =7 2« RTA—=ZERET HT-DDEL OF
(& DO TR b —MRAR b OO 1 DIEEERIET ORNCEEE Y & — & 26 ] LT
% PV, ZOEMORANIL, SR ER OB BRI ZEOBIERE S HLETH 5
7o, BEREOENMEITHEDOT D . & WV o 7ol CIXFRTHRIEN TE 20D
THEHTERY. A =72« RIRA=FZAFEFRDOY Z—F 2 ZEAITKHET D729
|2, Tanaka, XA h—2 R « X5 A—Z D5 NHIE Y0701, [EHEME R L B
FMOFNZH DEEET F T A FIT L D ZHEHEA b —27 AFHFEREL TS, Z0
FiE, BEEEMHERO Y 2 —F A EBPICKRET S22 LN TES. LirL, 2O
EIX LY EMERIEDTZOIZIE 0 TiERwn., 28R old, Zoxxy V7L — a3y
TIXE—Z OFRE LV b/ W HALFAEC R ESR Ol 5 M OB X IXBE I T
BoTWRWNALTHD. BRI S A2 EH T H2EBEORLE TIX, Froizs
FOWMIBL A AR EOFETOWRENEE TH D, 7272 L, HE &%, FAATIERL,
HHCRTT D AEEZBER L TWD. K 2.5 13, EENRRIEFRIEEZ AV T, BA7R%E
FRAE CHe 2 O ZHEAHE S A T AT K o TR S 72K BB MR S O I E 8 & 7~ 9.
Bl S 7o mmEE (R L EARREE (B [QI3ERH D Z LD £ MiEzRO
i 5 A O X2 K > TRIZEOWEBFAAE U, —EHOEROMERIITEA ORI OGS
WD ERMBNTNDID, DI NRE XK > TAAZERICHER arEnbd

ICIFIET B 5 TRV ERET 5.

1

075

Intensity [a.u.]
(=)
wn

025

0 45 90 135 180
Orientation angle « [°]

Fig. 2.5 Detected intensity for horizontal linear polarization incident on the dual rotating
polarimeter. The black curve indicates the theoretical intensity for an ideal compensator while

the red circles indicate measured data.

17



2.6 (2R K DT BIEEAL AR ZE AR & [RIHAMOE 7 & TR AR D ST 5.
NARZEBIIEBITIARZE 6 Ll iRk y=1 - D)/(1+D). Z 2T, DIXEMK Ak
ThHD. WGROMEE ¢ BNEINT 5 L. B AN D NEINT 5. 72, 6L 0,134
FHZERR & BT ORI G f % #3-. CARZERR & ot O B EHAD[EHA R o
ThHD.

a

B
Q Tilt (£) f\

w ®) - B}

s'
s'
s'
5

w &

ND:

o
w

Detector

RV

Analyzer(6,)

Compensator(y, d, 6,)

Fig. 2.6 Optical setup of the dual rotating compensator and analyzer
polarimeter, where a-0=3(F-0,)> i.e. the compensator rotates at 3/2 the speed

that the analyzer does.

BIRPTAIARZE 6 LB y 285, WAL 0. R v 7= [mlERAL A Z24R & W11 5 4% 6,
RV TS D 2 7 —(THIE RO DRHMD A R —7 R « )XT XA —H[sq, 51, 52, 53]
ERAWT, BT BBRBEDA =T R « XT A—H[s", 5", sh, 5] FHED.

S5l [os o5 0 oll1 0 0 0 1 0 0 0
5] 05 05 0 0 0 cos2(f+6,) -sin2(B+60) 0 0 cos2(a+6) sin2(a+6) 0
s} 0O 0 0O 0 sin2(B+6) cos2(B+6,) 0 0 -sin2(a+6) cos2(a+6) 0
s, 00 009 0 0 1o 0 0 1
(2.26)
1+]/2 1—}/2 0 0 1 0 0 0 1 0 0 0 SO
1-y* 1492 0 0 0 1 0 0 0 cos2(a+6,) -sin2(a+6) 0 s,
0 0 2y 0 0 0 cosd sind 0 sin2(a+60) cos2(a+0) 0 | s,
0 0 0 2y 0 0 -sind cosd 0 0 0 1 s,
B S LmEE, X (1) OsynnbiEbnsd.
1= 10[1+a2(a_ﬁ) cos2{(a-pB)+(6, —Qa)}+b2(a_ﬁ) sin2{(a-pB)+(6.-6 )}
+amcos2(ﬁ+8a)+b2ﬁsin2(/5+9a)+a2acosZ(a+0£)+b2asin2(a+Hc) . (2.27)
+y ) COS 2{Q2a-p)+(26,-6 )} + bz(m_ﬁ) sin2{(2a-B)+(26.-6 )}

22T, FABEKOERK a, b T,
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1-y? 2ysind
14 b, 4

Dya-p) =_1+y2 (a-p) =~ 1+7° 3
o= 1 222 by |1 252,
g +y
1=y 1=y (2.28)
Ay =~ 751 by, =~ 752
l+y I+y
2ycosd 2ycosd
Doa-p) = [1 - 147 ]51 by2apy = _{1 _W]%

AR 2G5 103(py = 1), 774 A MEER LG, = 0, = 0) 054, BRARA 72 iR

e
I=14{1 +b2(a_ﬁ) sin 2(a—ﬁ)+a2ﬁ 0052/3+b2ﬁ sin2f3 ’ 2.29

cos2(2a-B)+b sin2(2a - f8)}

+a2(2a—ﬁ) 2(2a-p)

ATHDA N =T A« )XT A —=HF, JeimE (KX (229) O7—U = &EHRIZL - T
7= RZESEOND. RS, 77—V RGBS ONARER OB P 2 %
HETE 5.

_ %y T D 0ap) 5, =— b2ﬁ + b_z(za‘/’) P——C0h (2.30)

1 2 9 } sind

> > >

Ay —Cyr b, =D,
(5=COSI 2B 22a-p) 2B 22a-p)

(2.31)
Ayt yogpy T bz/s + b2(2¢1—ﬁ)

NAIZERE Z OO N (0. BE O 60,) ZHEET 2121%, W< 2008
INFNER LI L 225 I HEEGS 2.27)0 7 — 1 =Bk, EBEICE LT
77— TR A BIOB I,

Ay, mﬂ@f@)mm&f@)rmw}
By, | | -sin26.-6,) cos26.-6,) ||b,,.,
(2.32)
4,, _ c0s260  sin26, ‘am] A, | _ c0s260 sin26, [aml
Bzﬂ -sin26  cos20, bzﬂ B,, -sin26_ cos26_ ||b,,

19



B -sin2(26, -6) cos2(26 -6,)

2(2a-p)

AZ(M_ﬂ) ) c0s2(260.-6) sin2(20,-60,) || %aup
byracp)

Thb.
KEEMREDOAT LIz h, 77—V f@rxfEH LT 0. & 0,13 (2.27) DK JH
WEBOMBEE LTHETX S,

B
6, = Liant [M] , (2.33)
2 2a-p)
B
6 = UL ant (M) +6_|. (2.34)
2|12 22a-p)

L7eRoT, E—ZITKYPE SN NA 6. B8 L) 0, IZHET 52 &2k -
T, MHERBI OB TET 74 AL FEEDL T ENAREICRD. L LMD,
ATy B 7= —OEER R FIZWIT 2T T4 A hTERV. EHIZ
BEZRODLIZDOIL, ATy TE—F—5FHTL20TER, Y7 =Tk
TGN AT > TV DHRREZRET D, %5 o, b 2.28)1F, L FTOXTY—
U B2 ¥ 4, BN Q32N E W HEHTE 5.

[aZ(aﬁ)
byapy

-1

cos2(6. -6) sin2(6, -6,)
-sin2(6,-6,) cos2(6,-6))

AZ((I*/f) ]
b

BZ(a—ﬁ)

—1 -1

4,,

B,,

A

2a

B

2a

(2.35)

>

[azﬁ} ~ [ cos26,  sin26,

b, | | -sin26  cos26,

28

a,, cos26,  sin26,
’ -sin260.  cos26.

-1

cos2(20.-6,) sin2(260 -6)
-sin2(260,-6) cos2(26, -6)

AZ(Za—ﬁ)]

BZ(ZD!-/S)

‘aZ(Za-ﬁ)] _
by2a-p)
RO EEIED 7=l FAER L7 ZER S L X~ A I ONHERD X 5 725k
Ry, (B AV DB X OERITAAEZE 6 13,

l+a
y= | (2.36)
1=ayqp)
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1-y
D=—" =-a, (2.37)

2
L+y" Gy = yoap +Drp=Droay (2.38)
2y Qg+ ayngp) t bZﬂ + bZ(Za—/})

d=cos™

LERED.
FIRFIZS RO D AR DA F—T X« RT XA —HF

2
_ ot arnay s =_b2ﬁ+b2(2a7ﬂ) g = L+y
2

-
2 > 3 27sind 2(a-p) (2.39)

S

x5,
L7z o T, AR—F R« RTRA—=FHAE% LN CEBITNARZE L BHR Ot s
R v 7 L— g VAL D

X 2.7 1X, BEINTEWEFELZTMT S7OIEHINTER LA T T N ERT.
Xt /o7 —27 77 (450nm~750nm) (Z[RIPTHE T EEK I LD AT PGS
A7 BB, Glan-Thompson i@ )t - & 1/4 R & A& DR TR, o7,
BIOTHEEZA b—27 AFENFFTRIES L TWS . 45450 1 EEHRB LSO,
SFFRE 0.02° DAT v B 7 E—ZIC K-> THEEES 5. MLAHZENR & HOiE 7 o [RlfR8
DEIE3:2TT. BHFII V2 PIN 7+ M A A — R ThHD.

Detector

Quarter wave
plate

Lens

Fiber

Glan-Thompson

polarizer Sample

Glan-Thompson polarizer
Quarter wave plate  with stepping motor
with stepping motor

Xenon Arc-lamp
with scanning grating

Fig. 2.7 Measurement setup

AN, FIHIHNL O EFEN ENT T BIFICHE TE D02 BiaEd 5. X 32124
MBELORERER 27T, X2.8 (a) X, BRETOWIIGALA 2° ITEE L, (LFEZER
DI AE 0° HhH+1° | £2° 0 BEOE3® 227 bEE T, SO AR
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Fig. 2.8 Initial orientation measurement results of (a) compensator shift,
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(b) analyzer shift.
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® Measured value (b) *
0 Axoscan value
[ =]
[ ]
a
1] o o o
p
[ ] 1
0 10 20 30

Axial tilt angle of compensator|[°]

Fig. 2.9 The measurements of (a) the retardance and (b) the diattenuation by

changing the axial tilt angle of the compensator.
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measurements by our calibration method, while the blue points are

measurements by the Axoscan polarimeter.

[FIRFREIE DR S & EIET D 7201, AFOEOEE F 7213~ F = R+ 2 A0 TRL
GO JEFOIIREES K > THEIBITAAEZENZET 5 2 DBRE CORER R EZRT.
¢ 2.10 (%, 450nm 7> & 750nm ~D R DZAVIZ S 2B S 223 K OVE# Ak
oy ARHECREBIIEEERFELETHS. X 2.10 (b) © 2 2O L8O HFRIL,
EINTZXY Y T L— 3 EICE DR L Axoscan v AT A2 K- THIE &
NIERRIZIRZERE T 4 v T 47T 22 LICE-oTRIHLTVWD. ERIZE-
THEIBITNARZE & BB AN RICED LEd. woBiE (K 2.11) 1%, BRI
ZHWE 200C~30C O E LTRL, ¥ U7 b—yar SR EEIr Iz
L EHICHRIEOWEA L, —F, BHETZEl Ly, A8KOBIRTURE O R EHEIX
2 ~-1.0x10*/°CTH Y »», &K 2.11 OEMRTRT.

160 4 0.006
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= S 0004 |} D% °
8 £ 000 4 ODD“E[\ o
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Fig. 2.10 The measurements of (a) the retardance and (b) the diattenuation by
changing, the wavelength of incident light. The red circles are measurement by
our calibration method, while the blue points are measurement by the Axoscan.
The black line is the theoretical curve. In (b), two third-order polynomials are

fitted to each set of measurements.
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Fig. 2.11 The measurements of the retardance by changing temperature. The
red circles are measurement by our calibration method, while the blue points
are measurements by the Axoscan. The black line shows the slope
2 ~_10x10*/°C.

F 2. ITAREERIR G & 45° ERREGE & O FRDE A2 IE L7 R 2 s, R
HIFZ T LY T EMCTH S, FRELIET T 2 b LY ARt &R D
1/4 B EHRZ AW THIE L TWD. pin 7 4 b F A A — K THH L 72 BT EE Ok H IR0 T
w=72 BT, ZOAM=TA T A=ZGZE20FPFHLTNDS. A b= R« X
7 A—=FDFRFET 0.003 THOLN. £, FREFY ) 7 L—a AMETHDHAFATO
EfR MR LOEBITMAEEOHET 22 A TE 5. L, MELZHES S &
EEEYTAAZETRET 2 2 LA TE AR, R biE, MEKL, 0,0, £1] b LIE
M#8 53RO, 0, 0, +CDOP]D & S IR PTAAAH 2 2 B3 % AR O 7 — U =%
B 01272570 ThD. 12721, CDOP IZMRKETHDH. Z OBEE WM IR
ZHES D EZITROTE Y EEITAREZ WD Z & THRIRT 5.

Table 3.1 The results of Stokes parameters of typical polarization states

Stokes parameters | Retardance | Diattenuation

1
. . o 1.000
Horizontal linear polarization 0003 93.17° 0.024

| 0.000 |

1
o o 0.007 .
45° linear polarization 0.999 93.77 0.028

| 0,003 |

1
0.003
. . o . 02
Right circular polarization 0.001 0.020

| 0997 |
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Fig. 2.12 The dispersion in this Stokes parameters measurement
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iE L AR ZER S L OO F O AL 2 2241 2.91° B LUN5.02° ITRRE LT,
2.13 1, 22.5° ICECE S NT-EERIE T OB AICAERT 5 1/4 JERRNS 259
TIVERELT 2 Z IR o> Th SN ATRIGCREDORIEZ =T, ZOHETIE, *
YU T b—v g VSN EMR AN 0.006, HIEIOLFHZEIX 127.78° TH Y, M
W X OB oW A /A% 2.912° BLUV5.018° BELT-.
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Fig. 2.13 The measurements of the Stokes parameters produced by a sample that
consists of a rotating quarter wave plate behind a fixed polarizer oriented at

22.5°. In both (a) and (b), the circles are measurements, while the curves
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indicate theoretical values calculated by Mueller calculus and Stokes parameters
of this condition. The blue, red, green colors are for sy, s, and s3. In (b), the
measurements are mapped to the Poincare sphere.

&%, RGN ~— @t 2B ZER E LTHW L EDR F—=7 X - 1T
A—=HZWE LIz, ZOHEG LIARETIE BIEY # —F o AB LR RBR AT A—H
PO, R 22IIRRIE LMAMEOER AR o LE L & & ORI (Tanaka O
REEY) LERLEbOThHD. BHEE LR v —{F)t % Axoscan 7%
WTHIET 5. ZOWETIE, Mt T e ey LA 2z L TAk S
M= 0.5 Lo J7Ar 0° DM ATIRIEIRAE1,0.86,0.05]1% ASf S % . Tanaka D7 /L= Y
KRB ITUE, A R—=7 A« NT A= IRERBAELERT D, Fox OFETERRER
RIS,

Table 2.2 Measurements of a heat-damaged polymer polarizer

Stokes parameters Retardance Diattenuation

Axoscan n/a 52.28° 0.46

1
Tanaka’s method[2] 8'32421 67.03° n/a

| 0331

0.845 o
Proposed method 0.032 52.21 0.47

| 0472
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2, [EHSEERE S KB e T, K& REELRY, $, BEFHARETHS. 22
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AL RT MR A b= A« RT A= FRPEIEIZONTIRARS.

3.0, ABED AR =7 R « XT X —H]sq, 51, 82, 3]V T IE A KRIED T2
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Fig. 3.1 The optical setup of the real-time Stokes polarimeter.
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Fig. 3.2 Concept for maintaining the input polarization while dividing the light into two beams.
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Fig. 3.3 The optical setup for Stokes parameter measurement using a polarized beamsplitter
and detector pair oriented at (a) 0° to split horizontal and vertical polarizations to measure s,

(b) 45° to split the two states needed to measure s,, and (c) 0° in combination with a quarter

wave plate oriented at 45° for measuring ss.
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Fig. 3.4. The measurements of beamsplitter polarization properties by the
Axoscan polarimeter. The black dashed curves indicate the values after the
first beamsplitter, while the red curves indicate the values after the

combination of two beamsplitters.
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Fig. 3.5. Simulation of the impact that the residual retardance and

diattenuation of the 3WS will have on the measurement of the Stokes
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parameters at 4 = 633nm. Plus/minus ellipticity indicates right/left-handed.

The image grayscale indicates the error in the normalized Stokes parameters.
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Fig. 3.6. Measurement setup.
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Fig. 3.7. The measured normalized Stokes parameters of (a) a rotating
analyzer and (c) a rotating quarter wave plate. (b) and (d) are differences
between measured and ideal normalized Stokes parameters. The circles are
corrected measurement by Eq.(5), while curve are uncorrected measurement
by Eq.(4). The colors indicate red for s;, blue for s,, and green for s;,

respectively.

32



FBAE BREE - BEA A -V IHORILE
WX AT ZANTCE TR b —7 AREIEE

BUE, RGF O OIERNGS, a2 T2 2 LR TE RV RILFHeT
FEOFHAEEICRIEN H 5. FRICK 4.1 18T X 9 7R Wi 2 LSS B e o T (e
DFLIIAENTARICA A T OEIEHIT, WERDOT A ¥ —7 U v LT 7 4 v LD
WU EEA TR, BUE, ZORIEH AT ORI 7 + b=y 7 ZfEs 0T
JEEEEEL LIZT VI UL Y —0F 7 AEEIC L > TEBIL TV D L,

Pixelated camera

—

- (° E;45°/

Polarizer arrag
(9=0°,45° 90°135°)

7"/'74'7‘ VR RAEF THh VIR RIRERTF

<

5””1 i o _:':A..,_,_.A.':. x

Fig.4.1 Polarization camera

AR HE S L ICRHBE SN TS D, D —DDOmFEICT /A EO T v D)
BZE D 4 NAFET D E VD FERICRY, HSh D NEERFEILEEIREL Ty PO
5 Tt Z D ELC R o T ROEIRRE S R S 4L, ROCEDS R8> T CCD IZ# s
TLEIEDTHLEEZEADND. o, FEBETHOT NN ERD &5 iE
PN ERSTND. ZODLTNRBEN TR ORI E IS D, X 4.2
WCHNHORRENAE L D L SRR MM EZT LIt gDy I aLb—va ViR %
AT K 2R T XD ITIRIEAAT TIXEEROIRIE X VIR FHI S, B 20)icrd &
INALAAFEHT I IIALARIC 2 A D ERLRR AN E LD Z E R DND.

33



—EHR-BMHLL —ER_BHELEL o
° BHR-BHEHY - CERZEBHLY oy
0s |
° L]
[ ] 30 (]
06 f . . ‘ — -'.
8 o & o
" * & o
04 F o * o
o * 30 ®,
L ]
3 . L *
0.2 “e o /
] . * ...
0 * -30
0 0.2 0.4 0.6 0.8 1 0 60 120 180 240
RIEOIEME Gt D ERE]
(a) Amplitude (b) Phase

Fig 4.2 Simulation result by 4 steps phase shift method if polarization camera has
not enough extinction ratio.
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Fig5.1 Optical setup of full Stokes parameters measurement by polarization camera
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Fig5.2 Experimental optical setup of Stokes parameters measurement by
polarization camera

Table5.1 Experimental devices of Stokes parameters measurement by polarization

camera
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N RIRAT 4 VK Andover Corporation | - HUOJK : 510, 520, 530, 540,
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JEIARZED v U T L — a URKELE L bho T,

A=Kl X

Table4.2 Simulation results of Stokes parameters influencing retardance error of rotating

retarder
R NLFE - DR PTALFE Z5[°)
EmRINi=
i 30 35 40 45 50 55 60
T ¢ 1 1.00 1.00 1.00 1.00 1.00 1.00 1.00
AR ER 1 1.00 1.00 1.00 1.00 1.00 1.00 1.00
it 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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o ey 1] [100] | [100]|[100]]|[100]|[100]]|[100]]|][100]
45" EB | | o 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ok 1 122 1.16 1.08 1.00 091 0.81 0.71
0] |]o000]|][000]]|[000]]|]|000]]|][000]]|]000]]|]|o000]

1] T100] | [100]|[[100]]|[100]|[100]]|[1007]]|][100]

. 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00

A PR 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1| lo7t]{los8t||[oot]||100]|[108]]|]116]|]|122]

FrUTL—varo7 ) XARHEISAREDE ) DMREE L. T 27291
7= E 2518 13 AXOMETRICS #1:0 AxoScan 2 = 7 —174l « IRT7 U A—H TH 5.
#5312 E 5200m OEHWTEF v U 7 L—v a7 2 XATHE L-BE
Pk 72 & AxoScan X = 7 —174] « RT7 U A—X THIE LR EZ 3. 1 B 1B
BLEE S BOFHNASEHL TS, £ 53 0D ZOMNMAFOERBITNAZDF v U
TL—valryBDENTHDL EDNr5.

Table5.3 Comparison result of retardance measurements

AxoScan 2 ay b TN AL | 3vay T XA
SERIE EERZE | FE FEVEAR 2=
R PO FA 2] 136.6 135.2 +0.67 136.1 +0.78

WHHATIZE DA M= R« XT 2= JEOREERGEE RET D ImICIRED K
FEBMRG, -45°CESRE, ARG EZIT 7. 770 b A Y UREFIT Ko TKF
ERMRE, -45°EMRIRYE, 7T v NAY R T & 14 EERE W THMES A Eo
TW5D. £ S2ICRAEDATICE DA b—2 & « XT A —F JITE O ERGERS R &2 R
T OEBEITAE =Y T O, EERETEORTY T OEERAEEERL TV
.1 B 1TEGFHALE S EOFHIALHEH L TWD. £ 54 205 REEIX 4/100 75 541 T
BY, BELIKARN—J R« RTA—FEHUTETND I ERNbIoT.

Table5.4 Accuracy results of Stokes parameters measurements by polarization camera

FEBRAE R
FEE |2vay b 7AIF Y RA (3 vay hTATY XA
S FEHE AR 22 SEEIE FEHE AR 22
) 1 1 0 1 0
VAR 1 0.96 0.03 0.98 0.02
7% 0 001 001 0.03 0.03
0 0.00 001 0.02 0.02
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1 1 0 1 0
-45° EL 0 0.08 001 0.05 001
e -1 ~0.94 0.04 ~0.98 0.03
0 | 001 | | 0.02 | | 003 | | 0.02 |
1 ] [0 ] ] [0 ]
- 0 0.07 0.02 0.00 0.01
A P ff 0 ~0.09 0.02 ~0.03 001
1 109 | | 003 | | 098 | | 003 |

WIZ, AP —=T R« RTA=ZREDRFMLEMICONTERD. M 53 ITHEMR
AEE FARIZ 77 v b &Y ARNEFIT K D IKFER MR, -45° EfMRLE 7T F Ay
RET & VA RERICEVIEONTEERRAEDA F—0 R R"TFA=F2ZhThS5
yRIEHN L7 fE R 2 n T, BRI MREEIX 0.1s THDH. SRITHEELZLRESE L7201
HESIRZ 1R AT O SAT S8, [FHEAFE O FEHEE — & % 10 232 582> LTl
E LT, 42006 5 HORRZERITH D VD T EnbhroT.
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(c) Right circular polarization

(1) Stokes parameters measurement by polarization camera capturing two images
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(c) Right circular polarization
(2) Stokes parameters measurement by polarization camera capturing three images
Fig5.3 Time stability of Stokes parameters measurement by polarization camera
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Fig 5.4  Scarab photograms passing right or left circular polarizer
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Fig 5.5 Structure of the scarab
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Fig 5.6 Spectroscopic polarization image of the scarab
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6=0° 0=20° 0=40° 0-60°

Fig 5.6 Polarization image of the scarab changing angle of Stokes polarimeter
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(a) PET film of U shape applying stress by finger (b) PET film twisting by fingers
Fig5.7 Samples of Stokes parameters measurement by polarization camera dynamically
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Fig5.8 Results of Stokes parameters mapping of film applying stress by polarization camera

dynamically
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Fig5.9 Results of Stokes parameters mapping using film twisting by polarization camera

dynamically
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6.1 MR A F12 L 2 EEITHIERE

4 6.1 IZRIEH A TITLD 23y MERITHED TR ZRm7 . oo it s
ARG & 14 BERRICE Y AR Z T > 7 VIC AR S8, [Blii STz 1/4
FERZ S S, Wl A7 TRINT 5. V4 EEREZ AL 0°, 45°% 2L ST
2ETD.

RAEHAS
TN f ' \
S(4, 9) '

RHEF /4R ER 1V4EEHR B
P(0°%)  0(45°) 0(0°45°) WAF7LA CCD
A(p)

Fig6.1 Optical setup of birefringence measurement by polarization camera capturing two
images
Sin & Sou FAHF DA M =27 2« XF A =% P(0°), 045°), R(A0), 0(0°45°),
ANTZENZENTTNAL 0° DR IE T, 5L 45°D 1/4 RN EIRITIARZE 4 2 H DI 0 O
T TI, O(0°,45°) T AL 0°F 721X 45°D 1/4 W EM, FAL o DIFHET VA DI =T —
1TH %33, 72721, 0 13 0°,45°90°,135°CTH 5.
LLEDE 6.1 DNFRINHA =7 A« RIA—=Z LI 2T —(TH 20D L,

S, =A(@)-0(0°,457)-S(A,0)-Q(45")- P(0°)- S,, (6.1)
L%,
Z 2T VAW EWREEITNAL 000 5A 13 (6.1), Tl T AL 45° DA 13 R(2.48) 1277
So 1 cos2¢ sin2¢ 0 10 0 0
5 —ll’ cos2¢ cos?2¢p cos2¢sin2¢ O |l 0 1 0 0
s; | 2| sin2¢p cos2gsin2g  sin?2p 0 |0 O 0 1
55 0 0 0 olloo -1o0
1 0 0 0 100 0 110011
0 1-(1-cosA)sin®26  (1-cosA)sin20cos26 —sinAsin26 000 -11(1]1100 0 (62)
0 (I-cosA)sin20cos20 1-(1-cosA)cos’20  sinAcos20 001 0120 000} O
0 sinAsin 260 —sinAcos26 cosA 0 1.0 0 0000 0
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So 1 cos2¢ sin2¢ 0 100 0
si |_1p| cos2e cos’2p  cos2¢sin2¢ O || 0 0 0 _11
82 2 | sin2¢ cos2¢sin2¢ sin®2¢ 00010
53 0 0 0 ollo 10 0
! 0 0 0 100 0 1 100]1
0 1-(l-cosA)sin’20 (1-cosA)sin28cos28 -sinAsin20 || 0 0 0 -1 }1[1 100 Ho‘ (63)
0 (1-cosA)sin20cos20 1-(1-cosA)cos’20  sinAcos26 001 0 (200 00 O0]| O
0 sinAsin26 —sinAcos26 cosA 0100 0000 0

LD, ZZTIUIIARBETHD.
PLEZHET DL ENEFNREDNBEIZIA F—F R« XTI RA—=HD sy ThH D
DT THEE .

I =5, =%I’(l+sinAsin290052<p+cosAsin2<p)

0

1 (6.4)
= ZI’{l +AsinRe+a)}
I, =s,= %I’(l +cosAcos2@ —sinAcos20sin2¢)
1 (6.5)
= Zl’{l +BcosLep+ )}
=77,
A =+/sin? Asin? 20 + cos® A
o = tan”! (sinAsin20)
cosA
B =Jcos? A +sin® Acos® 26 (6.6)
B =tan” (sinAcosZH)
cosA

T 2T Iy, LiselF VA B D ITALDY 0°D 5 & 45°DE DGR AB 1T 1/4 R K
DI 0°DIGA £ 45°DIGE OIREE o,f 13 1/4 RO FALN 0°DOGA L 45° D545
LR kg 3

4 27y Iy 7 MEEZEN L CRETT VA DFAL g & 45°HB Ty 7 M 2%
L,

I, =il’(1+sinAsin20) =%I’(1+Asina)
I, =i1’(l+cosA)=il’(1+Acosa)
11 1 — (6.7)
I, =ZI’(1—sinAsin20)=Zl’(l—Asina)
1, =il’(l—cosA)=%I’(1—Acosa)
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14=il%l+cosA)=iJK1+Bcosﬁ) ]
I =i[’(l—sinAcosZH)=%I’(1+Bsin/3)
I¢=—I1'(1-cosA)=—1I'(1-Bcosf3)

4 4
1, =%I’(HsinAcosZH)=il’(l—Bsin/3’)

LD,

Z 2T ILIE VA ERDO TN 000 L & DRIET VA DFRZENE N
0°,45°,90°,135°DYEIRE 2 R L, I~ [T VARER O FE@ AL 45°D & & DRIET LA
D FALINEFLE I 0°,45°,90°,135° DR E A KT & LIZFCRERY, LE BRT
A& D.

X(2.52),2.53) 0 B HH af RO D &,

o =tan™ (MJ (6.9
1 _13
B = tan™ (ﬂ) (6.10)
4~ 1e
L%,
ZZ TR IO ZE A & AL 0 kDD &,
-1 2 2 -1 \/(10_11)2+(15_I7)2
A =tan"'/tan” a+tan” § = tan 11, 6.11)
atana 1, =1,
0 = tan m = tan 15 _17 (6.12)
L%,

PLEIC R o PO RITNiARZEE FANERETHLH. LENR-T, 207
NTY X6 2vay STEBIMMAHZEDZ A F I v 7 L UM 180°F THLE L 72
BIRATIE N FIREIC /R 5.

SFETOT LAY ZALTIX VA EREROEIRBITMAAEZDOF ¥V 7L — 5 VR TE
RN, EREERBMENRECTHD. £ T, YT A% 14 EEROBERITIL
FZDOX YV 7 L—2a UEARICLIETY VT Y ZAAZONWTRET 5.

B 211 IZHREA A T2 XKD 3 vay MEETIEEON Y R 2R, WitT & 1/4
WEMRIZ L0 AMFELEE > T AR S8, BRI ZE 6, FHOL & DN 1 %1%
WS, Wil A7 ThRILT 5.
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Fig6.2 Optical setup of birefringence measurement by polarization camera capturing three
images

Sin & Sou I IAHFHDOA b= 2« T X =% P(0°), Q45°), S(A0), R(62E), A(p)
IXZNENFNL DR, 0L 45°D 1/4 JEM, BRI 4 % 250 0 DO
TV, ROOTEIEITNARZE 6, 70L& DAARF-, 0L 9 DIRIET LA DI 2T —47
ST, 72721, ¢ 1% 0°,45°,90°,135°CTH 5.

LLEDK 62 DHFRDDH A N—T R « XF X =R L3I 27475 HD L,

Sou =A(@) R(8,,5) S(A,0)-Q(457)- P(0°)- S, (6.13)

So 1 cos2¢ sin2¢ 0 0 0 0
S| 2 llr

82 2

S3

1-(1-cosd,)sin’2E  (1-cosd,)sin25cos2E  —sind,sin2&

1
cos2¢  cos’2¢p  cos2¢sin2g O || O
0 (1-cosd,)sin2Ecos2E  1-(l1-cosd,)cos’2E  sind,cos2E
0

sin2¢g cos2¢sin2g  sin’2¢ 0

0 0 0 0 sind, sin2& -sind, cos2& cosd,
L 0 0 0 1000 1100]1
0 1-(1-cosA)sin®26  (1-cosA)sin20cos26 -sinAsin20 || 0 0 0 -1 11 1000 ( )
0 (1-cosA)sin20cos26 1-(1-cosA)cos*260  sinAcos26 001 0200 0 0 0¢{ O 6.14
0 sinAsin26 —-sinAcos26 cosA 0100 0000 0

LD,
PLEZFHBET DAL RMEIZA F—27 R « RNTA—ZD s ThHHDT,

I= %[l + [—sin Asin26 {1 -(1-cosd, )sin’ 25} +3in Acos20(1 - cos 8, )sin 2& cos 2& — cos Asin d, sin 2§]cos 2¢

+[—sinAsin20(l —coséz)sin2§cos2§+sinAcos29{l - (1-cosd;,)cos’ 2§}+cosAsiné2 cos2§]sin Z(ﬂ] (6.15)

LD,
NARF DAL % 0°,45°,90°D & X DNFRE TS L, EEFTE2HET 5. K% DH)L
BILOERE L,

I, = IZ{] —sin Asin26cos2¢ + (sin Acos26cosd, +cos Asind, )sin 2(p}

I, = %{l + (—sinAsin 26 cosd, —cos Asind, )cosZ(p +sin Acos26sin 2(p} (6.16)
I, = IZ{I —sin Asin26 cos2¢ + (sin Acos 26 cos 8, — cos Asin 8, )sin 2(p}

LD,
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WIETF 7 LA DIFAE 0°,45°,90°,135° (AT 5 &,

=—(1 sin Asin26) =
4
=IZ{1+ (sin Acos26 cosd, —cosAsin62)}
, — (6.17)
=IZ(1+s1nAsm20)
I, =%{1 (sin Acos26 cosd, —cosAsinéz)} _
I, {:(1 sin Asin26) =
I . .
I, =Z{l+(smAcosZ¢900562+cosAsm52)} - 6.18)
{I(l+smAsm20)
I, =IZ{1 (sin Acos26cosd, +cosAsin62)} -
I, ={I{1 —(sinAsin26cos 4, +cosAsin62)}
I, ={:(1+sinA00520)
I ={:{1+(sinAsin249cosc32 +cosAsin62)}
I, ={:(1—sinAcos20)
L%,
L7z o>T, TN EZMAEDLED L, —
25ind (1.~ 1) +(I5-15)°
A=tan™'
I, -1,-1,+1, — (6.19)
6 =tan" 2=To
5 _17
L%,
F72, (AT OEIEITAEAEE
=L,y
(52 —COS{W} (620)

L0, ZONAE T OBIEITAAIZEE RQESHITAT D Z & T, (k7 OB AL
ZDFx VT L—a URAREE RV, BRI ED T A T Iy 7 LoV aiER LD
OEFEERBEIRITRIEN PR L 2D,

Y T NEONM T OEBINAFZDOF v V7 L—a Y EARRIC LN, o7
RO 1/4 FRWROBERIMAARED X ¥ )V T L—a VT 50 ERE-S>TWD. £ T,
T TR ONAB T OBIEINHEEZ Y ) T —ra v T57 03 ) RLAERE
T5.
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Fig6.3 Optical setup of birefringence measurement by polarization camera capturing four
images

CCD

Sin & SqulZAHEF DA h—27 285 2 —2% P(0°), Ri(5,,26+45°), S(A,0), R(52,5),
AT ZNZNIAL 0°DAF T, R(02,2E+45) T RITNIABZE 6, 7L 25445° DAL AR F-,
BRI E A 2 b O HA 0 DY > T I, ROOTEIBITAARF 0, FTAL & DALFEF,
FhE o DIRIET LA DI 27 —17H%FRKT. 72721, ¢ 13 0°,45°,90°,135°TH 5.

ULEDK 212 DFFERIPNDAN—T A« RXTRA—=H LI 27— T8 Hn5 L,

S.u=A@) R,(6,,5)-S(A,0)- R, (5,,25+45°)- P(0°)- S,

S0 1 cos2¢ sinZ(p o1 0 0 0 1 0 0 0
s |_Lpf cos2p  cos*2e 24, n2p 0| 0 1- (1 0s8,)sin>2E (- a) n2&cos2& -sind,sin2& || 0 1- (1 0sA)sin®20  (1— A) n26co: ZH —sinAsin26
s, | 27| sin2g C0g2¢5in2¢ n’2¢ 0| 0 (- S) n2&cos2&  1- <| 2!: sind,cos28 || 0 (1- A) n20cos20 1- <| 0sA)cos sinAcos260
53 0 0 0 ol o smézsm 13 sind. 25 cosd, 0 sinAunZl) —unAcosZ() cosA

1 0 0 0

_(- sin?2(2E +45° _ ) —sind, si E 1 100]1

0 1-(1-cosd)sin’2(2& +45°) (1-cosd,)sin 2(25 45) 2(2.5 457) —sind;sin2(25+45°) oo (6 21)

0 (1-cosd,)sin2(28 +45 )cos2(25+45") 1-(1-cosd,)co sind,cos2(25+457) (21 0 0 0 0 |[ 0 .

0 sind,sin2(2£ +45°) nd,cos2(28 45) c 0oo0o0jo

L 5.

P TR D 2 DO F A 2:1 OEIEGHE CEEE S, o B OMHF O
AL E730°, 45°, 90°, 135°0 45°[lED 4 > a v hTHIET S, Vv FRTOR K IREE
INEARF DAL ED3 00, 90°D & Z AR OFEFRIEH NG Ed, £7%45°, 135°D & &
R OFFPREESND. B DREEZAFH LI EEDOF U TAHEDA F—27 & R
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So . o
o s 1 {1—(1—cosA)sm 2(9}c05(51—smAstHsm(Sl
sy | 2| (1-cosA)sin26cos26cosd, +sin Acos20sind,

! . . .
53 sin Asin 26 cosd, + cos Asin 6,

(6.22)

L7y, ERYOREEZ AT LICLEDH TR DA =T A - RT A =4 U,

" 1
So .2 . . .
o s =l {1—(1—COSA)SIH 28}00561 +sin Asin26sin 6§, 6.23)
s5 | 2| (1-cosA)sin26cos26cosd, —sin Acos20sind,
55 sin Asin26cosd, — cos Asind,

L.
WHAATIZED2vay NAR—=Z R RXFGA—=RAEDT LTV XA % S H
HE, MU TNEDAN—T R« RTA—=Z[TZNTN,

[ S,O - .2 ! . . . ’«\Lz
! 1-(1-cosA)sin” 20 cosd, —sin Asin26sin d, To+l
SR (6.24)
s=| 1 == ) . . =| n-I+l-Iy .
85 2| (1-cosA)sin26cos26 cosé, +sin Acos26sin, AIg+1)coso;
| 55 ] sin Asin26cosd, +cos Asind, | 2’(,;’:,*2')‘;;:‘5‘2
o] [ 1 1 1
So .2 . . . Ty-I+lin—114
" 1-(1-cosA)sin” 26 }cosd, +sin Asin26sin d, 3(T5+17)cosd;
i_| st 1 6.25
§ = " == . . . = s-I; :
s5 | 2| (1-cosA)sin26cos260cosd, - sin Acos26sind, =
55 sinAsin260cosd, - cos Asind, ] ;z;jj,*j;;;’;
5.
KXR2.7D)15R(2.72) THI< &,
So—5,=0
1
- =——si i i =locls _ Li-letln-liy
S, =8 = 5 sin Asin260sin 6, = 7572 (AT
1 (6.26)
=4 3 _ _Nh-Iz+lo=1y _ Is-I;
S, =8y = 2s1nAcos2¢951n6l = SiesTs)eonsy ~ Torlr
1
¢ =_ 3 — DLi-la-lo+ly _ Ta+le+lin—liy
§3=8;= 2 COSASIH(SI 2(Ig+1,)sind,  2(Is+I7)sind,
s,

L7eo T, Yo NVOBEBINIFZE A4, AL 013,

(58 (52 -5)°

A=tan -
5555 (6.27)
tand, {1, L + 1y~ 1,y = 2¢088, (I~ 1)} + {1~ Is+ 1, ~ 1, 2088, (1, - 1)}
=tan"
Li=Ii=Io+ 1 -1+ 1+ -1,
0 =ltan’lm=ltan’1 Li=ls+ly =1y ~2c086, (1, - 1) (6.28)
2 S,—8h 2 I—=I+1y—1,,-2cosd,(I5s-1,)
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Fig6.3 Experimental optical setup of birefringence measurement by polarization
camera
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Table6.1 Experimental devices of birefringence measurement by polarization

camera
£ R A—T]— kR
g . P R#PH : 300~1050nm
H IR Ocean Optics ST 6.5W
. . W E#PH : 300~1100nm
7 —
7 A /N Ocean Optics 27 5 : 400+8um
. . : w10 fiF
L R E H
xt L dmund Optics NA : 005
0N 0 510, 520, 530, 540,
. - Andover 550nm
N RN A 1% _
SR RSART AN Corporation HfEHE © 10nm
=AU (N
VAV NNV 5 FAY A X : 10x10mm
£ : 633nm
1/4 P EH a=F7 ~(ER) Yot —4F—
FEFH A X 020mm
£ : 633nm
1/4 P FH a=F7 ~(ER) Yot —4F—
FAHY A X : 10x10mm
R AR A — Y 7 T (ER) WISEE - 030, @50mm
E@fE : ¢22.5mm
28 [a]fR T — & TI N R (BR) e KIAIHEEL © 3000rpm

T a—4 : 2000P/R

HZgElfrE— X D

HIE S TTLES or 7

o— Elmo =574
(Whistle) EIT, I r“ 7 1 Il 4E P RE
22 [m] #i5 T — & D IR TRACO POWER Hjjj : 12V, 5V
S N N /n EE%& 0 5m~3m
AT AL ?%%TX 25.5mm
i B 1 20fps( 7 IV RASL )
== R 1120x868pixels
WD A5 (**)72“4“;7 77| . EsEA X - 4.65um
+ % —: 12CCD
A/D : 8, 12bit
PC Dell IS GE - Labview2011
A R—=27 A« NTA—=2HE L RRICERITREDOSATH, (M -OEREITALAH
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Fig6.4 Simulation results of birefringence influencing retardance error of rotating retarder
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Table6.2 Comparison result of retardance measurements
3vay h7al l4vay hval
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Fig6.5 Babinet-Soleil compensator
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Fig6.6 Results of birefringence measurement as checking accuracy of birefringence
measurement
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Table6.3 Accuracy results of birefringence measurement by polarization camera
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Fig6.7 Time stability of birefringence measurement by polarization camera
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Fig6.8 Wavelength dependence result of polarizer array using tunable visible sources

HPRITIFTE R R E L THONTWERR D SHEBEDON RANRAT 4V EZE2H 0 KR
THEEZHELHERONIZLTWD. FLEED 510, 520, 530, 540, 550nm, -l
& 10nm DN KSR T LB &AWz, £ LT, 423 CEIBITHIE OREREER T
AW HEISE R - Y LA 2f{iERE VT, iR ORKERIEFER L Rk e X% -
VA afEIRDO~YA s u A =2 %k, HETEHE L. ZOMEEK 411 1R
T 69 MBAER - Y LA AEIR O R HUCIS U CTHEIEITAIAEZER 2 LT
L2000, SHERITEFHIRRIRE TH D Z LR bhro T,

SRBITIEEY BOWEDSHMENS 7 0 v T 4 v T EITO, TRTOWRE RO &5
FEREZPES 2. £z, K180 BEOWEE S BUE O b EIESTAARZ DR FHIITE,
KB L FWFHHTHNONTWDT T v PR AT 5 2 & T, B 5 BRI A2
DEAF I w7 L POPLRICE D A TS .

77



180 aX “olty = A=510nm
o +, k¢

H o', *+ A=520nm

: " o' UL aks530nm

H L s ™% ea=540nm :

4y ;.‘ % . +A=550nm | 4

ﬁﬁﬁﬁﬁ%ﬂ
S

[
o
=
»
-
LR

5 10
NER-JLALHERDEY[mm]

Fig6.9 Result of Spectroscopic birefringence measurement by polarization camera
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Fig6.10 Samples of birefringence measurement by polarization camera dynamically
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(d) Showing of birefringence result

Fig6.11 Experimental scenes of birefringence measurement by polarization camera
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Fig6.12 Result of Birefringence mapping of U shape film applying stress by finger
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Fig6.13 Result of Birefringence mapping of film twisting by fingers
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Fig6.14 Result of Birefringence mapping of film twisting by fingers

INODFRRDPOREHEA A TIZL DR A b =7 A~y v 7 LIRS~ v
BN RRETHDL I EnbnoT.

81



6.2 BROT THREEREEC K D ALAHAAT

BUE, AEREZ LT B 720D RED & Z AR Y SETWHR, ZoYE
VEEPY B R NVERIREET 5O TR RIS e > TV D, Yt /E kA
ARULT HERD D 5, WO TSR XA MR e Eoa Yy h T A RN BT
UL SHBIET 26 17 ik LTHILN TS, BUEE TEIZEMIKOE (L 2%
ENTWD. FEROIFIEIT IR - T8 & W CRBE D ZWooigik sk & m o
HNESACE L THRE SN TS 0 Lo, ZoHETIIMEE T OBMHEEIC
L DET S, MAIEE A REE LS ERT 5 2 L RRER D, Db ORIEA iRk
L7eira b — Lo M B R & PO CRCARZS TR oy TS & B Lakkha&
T OIS % & BAICFHIIT 2 Z LA STV D P BIFEEOERRICE W TK
S TSI RIRE L, ARG B IOV TV X A AFHAAZET BT 5. 4E,
VT NVEA LGHOT 7 a—F & UTHEZE D &R AA ENT AR A Z 03
REINTND Y. ZOHIET 2O REIER DAFICEZ T D, VT
IV Z A BEHAITIXAR V.

o2 IIRIEH A T & VT TSR 2 -V C U 7% A L CRARFHAZ 7T HE
I SH DO THET S,

DIC BAMEEIZ & > THRG SR AR & 72 D Rl 1 IRTTET A0 B i
O, Mg TR I (1) 24T D, X 6. 15 (R &9 (CEEEIR. L,
MRIDESSR, AR, REBOLT5R, BRORHEGT LA 06725,

Imaging system ¥
?

Illumination system

Light source

'
Illumination plane Phase object plane Pupil plane Imaging plane

23] o(x) yZ63] Ix)

Fig. 6. 15 Simple model of a transmission microscope
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Fig. 6.16. The optical setup of the DIC microscope using a polarization

camera.
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Fig. 6.17 The DIC microscope using a polarization camera.
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Fig. 6.18. The reciprocal MTF(f,) of our DIC microscope. The red curves are
for our 30% objective lens (NA = 0.40), while the black curves are for our 20x
objective lens (NA = 0.40). The solid curve is the MTF at maximum aperture,

while the dashed curve is the MTF at half aperture.
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Fig. 6.19. The measurement results of the glass beads (n; = 1.56) embedded in
lacquer (n,= 1.54). We use an NA = 0.4 objective lens, (a), (c) and (¢) are the
differential phase results, while (b), (d), and (f) are the quantitative phase
results. (c) and (d) are the enlarged images of red square of (a) and (b),
respectively. (e) and (f) are cross-sections taken at the center of the glass beads
(red dished lines of (c¢) and (d)). The black line of (f) is the calculated

theoretical value.
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Fig. 6.20. A living medaka egg as sample for video-rate measurement.

88



Fig. 6.21. Two frames from a quantitative phase video of the pumping of a

medaka heart, captured at a 20 Hz frame rate.
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a) Contrast distribution along optics axis, y is contrast parameter and Z is distance (height) along

optical axis.

Defocus at z;  Best focus at z, Defocus at z,

v Comparing photograms of best focus and out of focus points.

Fig.6.22. Contrast distribution along optics axis.
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X

a) Reference measurement b) Contrast measurement  ¢) Conversion to 3D coordinate

Fig.6.23. Flowchart of focus method. a) Calibration values of contrast, 7. is contrast parameter of

reference. b) Contrast measurement value of sample. x is space. ¢) Height Z is changed from

contrast.
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Fig. 6.24 Pixelated polarization camera.
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Fig. 6.25 a) Linear polarization pattarn . b) Intensities detected pixelated polarization camera.
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Fig. 6.26 Optical setup of projecting linear polarization pattern.
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Fig. 6.27. Optical setup of real-time 3D profilemetry by projecting linear polarization
pattern detected the pixelated polarization camera.
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Fig. 6.28 Result of intensity detected during rotating polarizer
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Fig. 6.29 Captured images by the pixelated polarization camera.
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Fig. 6.30 Reference measurement of contrast along height
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Fig. 6.31 Measured result of different height by moving reference plate.
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Fig. 6.32 RMS error of the flat target
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Fig. 6.33 3D profile result of 1951USA test target.
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Fig. 6.34 Real time 3D profile measurement
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