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Abstract

Almost all the non-periodic phenomena and certain periodic ones on the sun are
closely associated with the solar magnetic field. Without magnetic field, the sun
would like a dead body on quiet. A century of the solar magnetic field
observations provided many valuable research results for the human
understanding of the world and changed the world. At present, the instruments
used to measuring solar magnetic field can basically be divided into two
categories, namely, by means of spectrometer and monochromator, represented
by the optical grating and the birefringent filter respectively. Based on the
principle of multi-level interference of polarized light, narrow-band light
filtering is realized by the birefringent filter. The quality of the birefringent filter
directly affects its transmission profile, thereby affecting the measurement of the

solar magnetic field.

In this thesis, by analyzing the performances of optical elements in the
birefringent filter and the actual test of the filter system, the following results

were obtained:

1. For the first time, the ray tracing method used to be in the geometrical optics
field was developed for the calculation of polarization interference. By means of
abolishing the commonly used approximation assumptions and simulating the
ray trace completely, an exact expression with the wave behavior along the
optical path was derived, and then the interference intensity distribution of the
polarized light at the exit was obtained. This method has not been reported at the

published literature, home and abroad.

2. A set of optical polarization calculation software tool was developed. All of

the error terms of the optical elements in the birefringent filter on the impact of
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the major technical indicators, such as the band shift, band broadening,
maximum and minimum, are analyzed completely in this software, which are
difficult to realize by the method of matrix combing with trigonometric
functions. This set of algorithms and software tool is universal, which can be

used to any polarization optical elements and systems.

3. The performance test of the birefringent filter in laboratory was realized and
the tuning of the transmission band and the profile scanner of three-channel
birefringent filter in Huairou Solar Observing Station were completed; by using
the Shark interferometer, for the first time, the quality test of the images from
the reflecting surface of polarizing beam splitter and the single channel in the
three-channel birefringent filter were realized, and a series of detailed
experimental data and results were obtained, which supply plenty of technical

preparation for the future developments of the birefringent filters.

Keywords: polarization optics, birefringent filter, error analysis, performance

test.
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5 VPR LIRS Stokes | H R EIRARST 5 Stokes V HIERICT, 1 4.2
J¢ Stokes V 5 4.1 th B E W oA, AR 1S SHOBIRE SREd . T
TABRAT 153 B 5 | X R B 1 5 A
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HSOS Full—disk.Stokes V 2006—-08-15

a) Trans_band: —-0.06

b) Trans_band: +0.06

4.1 4=Hi Stokes V
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42 REZ

b, 1/2 b, 1/4 1/2

NN

I NN

/ — N\ — 9
4.3 SRR T RS
ARSI T IREAS b 4 H IR IO 6as H S8 =2, 45k ani&l 4.3 Pros.
b byaby 24 8.799mm (UK A1 (no=1.66282, n=1.48864), T % )y 2880,
Kl 4.4 T E AR G BRATIRZEN FE Y, X OB T
5324.19A, Xf B AR KA 1_max0=1, #5554 0.92434A, #%/M 1_min0=0,

0 i i i i ; i h i i
5323.2 5323.4 5323.6 5323.8 5324 5324.2 5324.4 53245 5324.8 5325 53252
MA

K 4.4 il al iR g e gt 1 iE

FEVHE S AAAE T IR CHIRZE N, 5 OG-S i PR Sy A Wi i 22
DGHIMTE &t T P (R 2 R B F R o ST 4 HH A SRR U B T 2 1
SN, B ATE
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421 FEERBNG I IE LT RIS
4211 AN AMELTFRIEN

NS E L s i i 4.5 B, & n T 3 i i n) 2000 i A 1
WRAG DN e M5 R o 1202 NSHAh 295, B ERS T 0.0689A,

FEXF T 0EVEAS T 7.454%; MORAE K 0.999884, AHXT T I_max0 /7T
0.012%.
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Incident angle/ ()

(b)
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TCERATURE NI 328 1o 7 AR M AT S FAT G, IR GGE d
AABR AR TP AT Ko BT 4.6(a) e AT AR 290, NSOGB A By aE i R
B R, MMl 1359, @Bl s T i BEs T
0.00013A(0.014%). HHUH AL, NH 1l 22 Jififah 135°
I, 325 5 ARG T O B VRS Bk 1.24158A(134.321%), Ui 4.6(b) Bt
No FHILAT W, T8 4037 B U8 28 v] LU RO MEJGIE 584 W BR NS 5 fr
FOBERLAF IR IR, IXE Evans BRIRON A SAEM T IS k4G 3

(Ko B 4.6(c)ASC I SRR M EL, HAMEEU R 5 4.2
FEALL, K0 NS 6 7 07 £ St 1 A H TN 3 A ANB8) 50 1) B R

422 TS RRHIEIREXEL TR
4221 by SR AIRERIE I H RIS

by YCROB A 22 0% 1 7 K s i il ] 4.7 o, em T Jg8 sk iy i) W v
MR MR KE R D HE M zERN 2008, FdwiEg T
-0.0765A(-8.277%); i A 4 0.99999865, 7d/)N T 1.349e-4%.
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1
0. 9999998 VZ N
0. 9999996 /
0. 9999994

; 0.9999992 / \
0. 999999
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0. 9999988 / \
0. 9999986 ! ! ! ! ! ! ! ! ! !
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-20 -16 -12 -8 -4 0 4 8 12 16 20
Optical axis tilt error/()

(b)
B 4.7 by YT A5 2 03 ik A
4222 by AN AIREMNELTHIENY
by Hehh 7 7 f R ZE X A s B 4.8 BT, R I A I I A 1) T
R IMERE K . iR 2k 29, 45584 0.92506A, 1K T 0.078%:;
/M 4 0.00123.
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= 0.9249 \ /
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4.8 by YT AR ZERTIERL A R

4223 b, EEIREMIE LIS

K 4.9 2 by JR TR HiE W iE e R ith 4, R RERZEDN Tum I,
AR T 0.3024A(32.717%).
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£ 0.1
G0
'g -0.1
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-0.3
-0.4 ' ' ' ' ' ' ' ' ' '
-1 -0.8-0.6-0.4-0.2 0 0.2 0.4 0.6 0.8 1
Thickness error/g m

4.9 by BERZE LB W EB KR

g

4.2.3 BEMIA 1/2 i &R E X E S B 220
4231 FEIAH 12K R A AL AIREXTIE D RS20

4.10 S22 BRI AR E S WRER R R L, €Il
A TR e TR AR 220 2 BORAE S 0.9951, Jik/)N T 0.487%.
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1
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©

510,997 /
0.996 // \\\\
0‘ 995 1 1 1 1 1 1 1 1 1 1 1 1
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410 SRV 112 B OGS A M 2 SO IR O Rt 2k
4232 TEMIH 12 K FEIRIZENIE ST RIS

K 411 LT 12 WA SRR 2 S ME S R Lk, HER iR
g 5, B ME A 0.00189.
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0. 0004
N N
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K411 SER0 102 % F GE AR 2 5 M /M 106 2 il 2%
424 14K R AEMARAIRENE T TR

14 B 6T T R iR ZE R i A IR s an ] 4.12 o, e g i T iE
BRI RS, ARANE Ry e, OB AN, Al /MR K
MR fARZE N 290, FERATEAS T 0.0103A(1.114%); H K AE A 0.99879,
/N T 0.121%: #i/ME R 0.00122.
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425 §E¥: 12 B R ¥ 3B wRI R

Tigle 112 W Fr e sh s i it se i an B 4.13 s, fEEEEhd R,
B AL RN,y S8 R R N . 2 12 P e -90 T,
D KA T 5325.1145A, A7 %k 5325.57687-5324.65221=0.92466A, 14 KT
0.035%; 4 1/2 U Jv ik 90, v qi T 5323.26582A, i i ok
5323.72787-5322.80385=0.92402A, /N T 0.035%. *|FE%: 1/2 % v 51
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Kl 4.13  Jiekk 102 3% v s f e i ik y 12

R AL RTEIEMPE BE EFTIRETR, NI A d iRl A
7o AR R FERZERN 114 3l ot T A R ZE s g L A, IR iR ZE I
I IR TGRS 2 A RS A AR GO TTC I R U A el
R ZERMIEIL A W, RN 2N, B R T 0.078%; Wil 1/2
WP T AR ZER A R B s, MR 2E k) 20, AOKAE I/
T 0.487%; SMAOGHITT A MR ZE . TS 12 B IEIBRIEER 14 B
Bl 7 E 35 22 KRR AIME AR AN TR 2 JSE (Y R ) o 3 Jod iy V3R v L 3 e
12 P S, AP S5 R AR (AR AN T e 5% ) 2 )8 i3 oy (1 T AR
WOINAHOE, NAZE SR HIX T RIS 2E T, 38 m iR .
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VN P VA 135° 0.014%(FHX} - rhLafr )
by Sl R 72 20’ -8.277% /N T 1.349e-4%
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b, JERE R lum 32.717%
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43 HELH

R 4.2 MBI PSSR BT S8, AL =20
B, e AR SO 1R 22 IR A% B L ih 2k

® 42 MR & BRI B 25

P A PR 5 (mm) W | TR
1 0.1 C 35.196 X 2 w 11520X2
2 0.2 C 17.598 X 2 w 5760X2
3 0.4 C 8.799X 2 w 2880X2
4 0.8 C 4.3995X 2 w 1440X2
5 1.6 C 2.200X 2 w 720X2
6 3.2 C 1.100X 2 * w 360X2
7 6.4 C 1.100X 1 ** NW 360X1
8 12.8 Q 10.440X 1 NW 180X1

F—

SR TR R Bk A AR A5 2. 3.300-2.200=1.100mm.

q : ; ; : : : ; :
53232 83234 53236 5323.8 5324 53247 5324.4 53246 5324.8 5326 53252
XNIA

K 414  FRARSBL R =4 RIS 3 ok
FRARNE LR = BB E L i 4.14 Fios, HoApop a1
5324.19A, 7E—ANEBDGRETEE AN, TR REE S R AEE R 90.808%.
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Kl 4.15 A ZE =B I i iy
Kl 4.15 J2 iR 2N =R G S BB, BOE RIRZE AR NS 2<
NPT A 30 by A MR 2 107, by SeHiT MR 2 200, T
12 % ST A MR 22 207 SRS 12 B GEIR IR 2E 52 14 v et
FRZE 20’0 (E PR AR T, B R AR R, oK
#E 5324.165A, XIS HI LS 1 EOKCRER & S AEEE 1) 90.501%, PR T
0.3%, BEHMRRTIFRZESBREWEE R, BnAEot.
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ARG 102 W (R T A B, PT DA oo K BT % 7 5324.19A 4,
TR S 1) AR B B BB Y 90.46%, Uni&] 4.16 firvn. 1 BRI, JEf:
172 3¢ Fr BEME AME2 1R 75 T R R AE I e A AH OV A M BE B A1 K

KRENG.

ARFIE VSR, R AT T XTSI A B AN, R
fitt EVFSL T g oc A F iR 22X E I IS, A5 3] TR 22T g I A
JEUE . MORAERITRR /IMEL S5 T2 EERORIR AR R R MLk, BB e ds Ol S {1t
TR AR .
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FHE ZBERETFIEIL SRR

BRI HDGEB I TR, AT T IR O AR ZE R AT
JCARPEREI M, 1A E G I SEBR I, 1920 TR R S AL R,
XAEPESCAS B AT B Y. =TI X SHE O S PR R AL L
WIEW AN SOEIH , R T JUlIE FRNDEER . ki R bR
FFFALE i 2 R AR B AR BIBr . i As D4 T 2008 4F 11 AR
D, AFAT 22 2 K BH O% FR T 37 R4, 1) T8 52 3 1 [i] P 0 8 Bl A B SiE o T 2
LTe ZMIE AR IR ICIE . E TGS AR Tk, JRgs T RS
FH S0 H e A 5 L

51 wiRkTEN=

D TG R R 22 ELBSE ARG, D NIl R 48, 0 i U
TCHFHEAT RSB RO &, AR BIARE  PIRERN i 2 MR B 11 0 BEORAIE

511 KEREEHAMANE

FATCL P (AN IR g B, mT LU R il b v 1 £ AR, 0
BNEAN s ESCHOA RS T 1) SRR P B, AR SR EUBCE, RITH
T A B MEL o R IR R TR I Fr 2 T, & AR 3 FOC IR T 17
ETede o DGR S MELI AR B 6 A5 R P A T B
FRATT AT LU ASC ot D00 5 AR5 W e Py ARONS HEHESL B Rl i) # T, 205 VR R RE RE A 1
SE I A A5 1) AESEBRIRAE R, S2OLEOE AN B R, AR
MRS AR BN ME I B . O TR IIGOR S, JRATRI T 2580w 505
B, A 2R EENR, HRICPIE, T LA R R R

5.1.2 KR BIHEALIERN S

P AL IEIR B ATAR 2, Wiy Jeild ik AL 2 f e
AL R T R G S I AR SR, RGO RO B A
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TR R 2SR, DR e DA S B e g PR U 3+ D6 AR S ) PR 100 5 172 98 v
Soleil #MEVEMIII SR A, FoiR7E E B AMER MRE e v, HLAMEER
A A IR PELE T, A T SR B MR . 256 BR 0T, RATR
JHI Soleil ¥R Al & i (AR AT SEIR , LA PR AR ok P AN 8 2 T v 2
WLSC[46], X EARATIER T o LU EIRATAZE T IRR R0 F 1) &2 Js 2,
BSCYEE SUBER) Pt L wb) P G RN Rl QNI R/ e B U A I DR VAR
M 5.1, 5.2 iR,

513 wiRSAREMNRRENZ

i 41 43 s M 5 A ST WL 22 00 3 BB IR AR e, DRI 3 S 6 0 U
() i o2 0 AR s Rk . FRATTIAIE T R B B N i 5 R I, A ATI4S
IR RGP R #2 H 1-To MR, = AR A ) iX
W, FRATTEL TSR AT RS, 1 O T R S R B R 1
e, REOGHWE 5.1 .

Light
source

Monochromator
Analyzer

Detector

/7$pecimen

/7Digital Potentiometer

B5.1 R B P LA I it 14
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# 5.1 WG ZEE AL I A R B 4R
(20061229)
Hn A S1(¥K) S1(¥K) 4 S1(/K) S1(7K) 6% S2(¥K) S2(¥K) ek S2(7K) S2(7K) ek
-2.937
Sss 2.158 -46°26” 2.164 3717 1.548 -44°55”
(IA]1a])
-3.641
Sus 4.355 -4” 2.267 413" 434 +527
([ 1))
-3.0225
Ss5 8.66 +327 8.65 +30” 1.619 +2°20”
31))
+3.02
Ses 17.307 +2°25” 1.615 2°44” 17.277 -48”
(E1m)
-3.557
*S5 34.457 34.722 2.233
(@)
+4.873 -3°58” 34.59
Sis 34.457 +34” -1°54”
-1.000 -9” £ L
Ses 20.565 29” 20.597 +1°32”
S0 10.291 -1°23” 10.292 -1°08”
S 5.145 -4°18” 5.145 -3°56”




S5 2.572 -2°39” 2.573 -26”
+2.915 UK
*Se5” 71.055 65.128
151 2.17
UK 4.071
Sg5” 66 +25” 2.5 65.128 +6°29” _ -44”
E
So.5” 20.584 +1°6” 20.547 -42”
Si05” 10.282 -2°19” 10.282 -34”
Si5” 5.142 +53” 5.141 +23”
Si.5” 2.575 +25” 2.57 +23”
S105° 10.29 +52” 10.282 +25”
S5 5.141 -3’32” 5.141 -3’45
S5 2.577 -1°46” 2.57 -5°58”




SLE IIERIT S PG A A S

#5652 WMOEPSIELRATA A

J¥ 5 W | s250nim | 517.3mm
12 ¥ kv
1 S95(26#) 180.85°| -8’53” | 180.6°| -4°08”
2 S65(30#) @ 181.4 | +3°32” | 1809 | -527
3 S75(29%) @71 181.9 | -2°42” | 181.6 | +8°24”
4 S55(31#) @69 179.3 | -18” | 179.8 | +6°07”
5 S95”(22#) @98 179.6 | -227 | 179.3 | -9'32”
6 S35(32#) @66 180.1 | -6’54” | 179.7 | +3°33”
7 S45(32#) @68 179 | -1°48” | 179.3 | -44”
14 9% Fy
1 S75(29%) @78 89.7 |-13'16” | 89.8 | -4’55
2 S35(32#) @74 90.2 | -9°50” | 90.55 | -12°45”
3 S95(26#) @80 90.8 | -7°0” 91 | -16°55”
4 S95”(22#) @100 88.7 377 | 889 |-2355”
5 | S857(23#27#) @99 | 90.5 517 | 90.6 | -16°32”
6 S45(32#) @75 90 |-14°44”| 90.2 |-13°05”
7 S85(27#) @79 91.05 | -3°53” | 91.13 | -18°45”
8 S65(30#) @77 87.9 |-25°40"| 88 | -7'55”
9 S55(31#) @76 90 |-12’50” | 90.2 | -5°19”
Tk 112 Wy
1 | S105”(20# ) @129 180.4 180.8
2 S35(32#) @121 178.4 178.8
3 | S85”(23# 27#) @126 179.9 180.2
4 | PB-AR(21#) @128 180.4 180.85
5 S45(32#) @120 177.8 178.3
6 S95(26#) @130 179.8 180.5
7 | PB-AR(21#) @127 178.1 178.3
8 S85(27#) @133 179.3 179.8
9 | S105°(20# ) @135 179.2 179.5
10 | S105(24#) @ %'~ 180.2 181.5
11 | S65(30#) @ L%l*5 180.7 181.5
12 PB-AR(21#)
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HoroGU oy RASAT, TAEHEN-7.16V;: Kk #s 4 Glan-Thompson k45, 7

250-2500nm B BT sk 107 Bt b

Bl ACTON [

SpectraPro-300i 4 fL a4, KIS Be4% 2y 0.05mm; FRIl#s A EMI 9658R 1Y
JeHLfE A, HPHAR R UL 200A/Im. IR TTVEIN R . #:5) Glan ¥,

S I e B AH S B AP AT, AR S eem LA,
RO A B e B o 8w A R -

1

A fif AT SR AT A 2

(5.1)

Polarization degree/%

0.4 , i

ook }..”..”% ......... é ......... ?.”...né ........ é ......... ;.”

0gk- é .......... ; ......... ; ......... ;.”....”é ......... é ......... ?...

07k ;....”..é ......... ; ......... ;...”...é ......... ; ......... ;.”

[N E——— g .......... ; ......... é ......... g.”....né ......... é ........ ;...

05k ?..”....é ......... ; ......... ; .......... ; ......... ; ........ én..

1 i I i
480 500 520 240 560 580 E00 E20

A /nm

1
G40 660

K152 CH-1 B BEE ST SR 6 i P S5 it 24

B s g s CH-1 [RGB G e i fhk, K2 L0 SR i die K
2o HIMABAK S 590nm J5, SEHCI) i P ERIHE R M0 SRE
PR PBEAEAR KPR FFAE 90% LA L 35 5.3 2 8 TRbR BLIE L VG AN S S G I D

I EAGT I 25
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5.3 i ek B ) il EEAGTII £

MR K:: 520nm

5 5 25 e S e
CH-1 99.8% 96.381%
CH-2 99.9% 89.251%
CH-3 99.9% 89.446%
CH-4 99.7% 92.093%
CH-5 99.8% 96.845%
CH-6 99.8% 97.187%
CH-7 99.7% 92.104%
CH-8 99.7% 91.319%

IR SE R, TAVEBILLFEEE: 10 A TERKEN, Wikt
BB S 6 I i JE K- 99.7%, 0] LA B8 Dot 5 1 (i 1, BATk/D e
PR 24 WIS R B SN G R R 22, B B AT 97.2%, A
WX —J7 M AMEZ I 4R v, IEZE I e B i e v, A REIk RIEG A%
JIT LK1 99.9%.

5.1.4 {wikD XRERVG BN
5.1.4.1 Shack FiH{LRIE

Shack -5 {30 M4 25 53 SRR, ) FHASCAS Y B0 s YRR HE AR
HEBR IV AE R AU T R FE o7 R T 5 S 18 bt BR T 3 1 Dk 2 2% T
RSB T R RS R G I T S IR S S 2 AR IR, BT
A AT R SR T 3 2205 B E T K. B TG A SR A AR A
D3R T — R SO BRTEI U, ] T R Rl [ R T 5 ) T T A 2 o ABELAE
ARFRGE, I T E AN A B R bR UE SO e, DU R ARSI e
JEFE N 5.3 Bk,
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K 5.3 Shack T i 3

He-Ne HOGa & HKFAT AR Sk Fr 1 AR 2 Ja AR T4
fLGH 3 L, LG R BOCRE Ot 4 [0 e s e, — &
ICAELAES L IR 5 H A ORI A, &0 U b b 2 25 2R
EE S IRI2%, IFEd o G e AN BE R Ja &t A O 2 5 el T
BHAL 3 ST T hrvERKI 5 AYERD, P BLJG TR a2 i i b i BRI 10308
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