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A new method for visualization of diatom striae by using annular illumina-
tion and polarized light

OsaMu OKU

National Institute of Advanced Industrial Science and Technology (AIST), 16—-1 Onogawa, Tsukuba, Ibaraki 305~
8569, Japan

Abstract To investigate suitable methods for diatom observation, visualization of the dot struc-
ture of Amphipleura pellucida (Kiitzing) Kiitzing was studied using various contrast-enhancing
techniques. A. pellucida is one of the most famous diatoms for the testing of microscope lenses
over the last hundred years. The distance between striae is about 260 nm and spacing between
each dot is 200 nm. This dot pattern has never been visualized by any of the following methods:
phase contrast, differential interference contrast, dark field, oblique illumination or video-
enhanced microscope. In the process of these trials, I found that the light that passes through the
striae of this diatom is line polarized. The polarization of the light gets stronger as the spatial
frequency of striae increases. This finding indicated that the contrast of fine structures in diatoms
may be enhanced by using microscopy with polarized light. Therefore, trials on visualization of
the A. pellucida dot pattern were done using polarized light. The dots of A. pellucida (mounted in
pleurax [n=1.7], objective NA=1.25-1.40, wavelength is 450-500 nm) were clearly visible using
the following three methods: 1) annular illumination using polarized light (cross polarized light
[polarizer in; analyzer in], this method is called AIPL-cross hereafter), 2) annular (and also oblique)
illumination using polarized light (plane, not cross polarized, AIPL-plane), 3) cross polarized light
(in normal illumination, not oblique and/or annular illumination). Numerical aperture of con-
denser for annular illumination was 1.2-1.43. Highest contrast of images was observed under
AIPL-cross and lowest under AIPL-plane. The essence of these methods is visualization of the
polarized light from diatom striae and contrast enhancement by oblique {annular) illumination.
The AIPL-cross method is very effective for visualization of slit-like structures in diatoms that are
from 200 nm to 400 nm width. The contrast of images is maximum at =45 degrees to the
analyser under cross polarized light. This grid pattern of A. pellucida corresponds to that
observed in previous SEM images, and I believe that this grid image visualized by LM is the
results of exact visualization of the fine structure. Although the AIPL methods cannot work
beyond the diffraction limit, they are very useful for enhancing the contrast of diatom striae at
high spatial frequencies.

Key words: diatom frustule, microscopic observation, annular illumination, polarized light
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T LI

HERIKEN TV 2 MABE I EREENE LoFEE
BIEET, 20EE<A 7 o4 — by OEEEEHREL
) oS A= b (BFEEMELNY) KESFE
TOLREHICAHML TV S, Tho 2Bk -
THEILT 2 2 L BoEREE 2, BBV
(3, FREELEE O MBS C YEFHEMED
FEABARARESNTVEY, 20%KEFA, HRC
BRAMNS 270, 7a58 L, BETEIA VN, H
BoBEBIc BT, BEEFOAETE « fFEHRETHARE
AHREFMEEH VW TITOh TV 3,

H#ERQERLDGr ABEERS T 2EITR 143 12
EomoERAATH . HAMTY v P XN HEHERR
BRI B EME S LTHREL, AVEXE
TE2ORBIFREES LT TH B, IDOLD BPERAL
A & IE N (BBH 1984), KW a v b5 X b LE
NV DIAB LS LV, EFEERORZIC LR
HORBEAHAVAEI LN TELIENATE COREHRIR
RInicbidTidial, S v XOSERER T O H#
BANEBEEBE T 2 5E, UTIl~N3 &5 555N
REgESFEET 3.

FLERBREROERTREI v 32 OB ER
3, av s bEENSELD ERDATC ESFERER
BTF45. fESERICLEZEIY IR PRIBETS
M, 3V F ORI I L 0 BIEROBOK (NA)
DEL L DREEMIET 35, BREAMEEEREST S
TEBELYV, Mo THERIETEAE S SO, D
BAVFIZMCRETEATERTVS, LAl
Ly XOBERFTETCEOEESE 3 v 5 X IR
FloBBRIcH b, SNIRECBERELIETE LK v
PR POBRENSD, AR EFAENECLS 2
YR MERSKEEE S, FERESEEREEZICHY
Lhafli3dLAERL, ERANEREAONTVLE
V. REEHEE R TEMAREOS 2 v b 5 2 MEMITA
20, ZOMBIREMAAICHLTOAETHS. B
EROBRETIE, Cho0EMEICLYEYL v X0s
BHek b REBEETH-Thbav b 52 MKDbN,
RABCHE->TLES T ENBEVDTD 3 (Inoue &
Spring 2001).

COEHIRIEND, LAY v XORREEED L
IS T LK HERMEBEERETE I HENR
Shtid, ThREEVICHFERMEOREN ALY 58
RARBEbOTHEIEFALLTHE. F I TEHIHE

s 2Rl & U CoriReE & IBBAE o BR 2 BTHRER IR
FLTER ZOER, BHERIML v XOBERAMNT
DHF A XICBVT, BEER EOERE LRBERT AIET
WEE O THBRICAFLT 2 BIAER =RV L,
COHREIHTEE GRIRBEIA L L) &R
EEMA GO R RAE L ESENE DT,
Amphipleura pellucida (Kiitzing) Kiitzing &% (&
JeE AL ~L) @ 200 nm i FEEZIFRICEEE T
1z, A. pellucida O¥THEE IR O—BIIREETIE
RAr-fcdboTho, Erit—wERIBESEHRESH
REBEZREAKREV., KR TRES, CoBREECRRE
15 3 BRI SRR IC D W TR, HEOHAR T
» B Rt—iRHEIEEIC L 2 BB % RT. RICIGHEE
H»SOEEAZTH. BEIC, JOBEESEE,I-E
MicEETEZ2 I EERLTHETET S,

M - Bk

BEEEEHE, A) BB LD 19905 Aick v MR
B3R Coscinodiscus asteromphalus Ehren-
berg, B) /IMAIT CGRFEERAEF 1) &b 2001 &5 A
BB LS Synedra ulna Ehrenberg, Melosira
varians Agardh& Diatoma wvulgare Bory de St-
Vincent, C) WEKZEMNE/NGNHEYE O #th R ER X
HX) &0 2003FE 4 A ciRE L - T EHEHE Amphi-
pleura pellucida (Kiitzing) Kiitzing ©H 5. HAE A &
WREE-BELAFEMEIC LY, HEEB CItoWTHEKE
HEERNE FEES 2000) k- TEBYEREL,
H—=7 5 R0 Ricey v b AF 07 ok
MR, BEHRI7TEE cHUL A-r35201
014 mm-0.17mmE, 254 F7 32 1.0mmED
HEDEHWK, 1v—Yarr4ELTIG0CST (=
a8 2BV, IBEERE 23 CI AL k.

HYISRMSE & L T Nikon Biophot (VBD-2, HAN:¥:
) 2BV REELTI2VIOOW ~Na Xy 5 v,
Ny 2 I5-fFEos vy, BEEOR
EidF#7 + v7ick > T450-500 nm & L7z, B
BARMEOEEAITH 7o, XL v ZRLUTIE TR
BRAEBwt, Y voex8 Ach P 100 (NA=1.30) =
2 v 81 CF Plan 100 (NA=1.25), CF UV-F Gryc (NA=
1.30), NCF Plan Apo (NA=140), 2 vF 4 &L TT
sur—brarvF 4 (NA=090), 770=F 977
75+ —barFr4 (NA=140), BEHF2 74
ZHUVWI (NA=1.20-143), BEEBEE 3 Y » - b &
(BR L v XTEMREICGEEREL, 7451 v XTH
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Fig. 1. Effects of condenser numerical aparture on image contrast and minimum resolvable distance (scale bar=10
um). A: o (defined as NAcon/NAg)=1.0, B: 0=0.7, C: 0=0.5, D: 0=0.8-1.0 (annular illumination). The specimen is the
marine planktonic diatom Coscinodiscus asteromphalus Ehrenberg taken from Tokyo Bay. The objective is a Nikon
Plan Apo NA 1.40, X60, oil immersion lens. The condenser is a Nikon achromatic aplanat NA 1.40, oil immersion
lens. Annular stop is handmade. Contrast enhancement for fine dot (D) due to cut most of zero order light using

annular stop.

BEEIHE) TiT-t. a ) A— FEOERL ¥ X
CFWN 10 & HKW 15, X SI3E995 7V I Hh £ 5
(I~xT=av8) 2HVE. EBREERED jpeg 1
i3 tiff £ 7 » 4 v TidEk L, Paint Shop Pro 5.0 (Jasc
Software) I & Y JLERZfT-> THA L 7.

E #

IVFVHEPIL Y XOBOK (NA) Otida e —
Ly 2 FEEE N (BBE 1984), B ERET S
HELGREKTHE. KRN TREBPELHEEZ I E—L VR
%o THKT.

0=NA./NA, (1)
ZZITNA, NA, 3z hehz v F v+ OO &Y
LY ZORO¥TH B, HEZENA=1.30 DXL ~
XEHWV, NA=1.40 OHEROz v 574 T NA=1.1
T TRUAALIESEIZ 0=0-0.85 &7"9. ZAE, b
SR (0=0) 25 NA=1.1 (0=1.1/1.3=0.85) £ TO*
AAEHOCHRE I TVWA I E2E]RT 2D ET
3. [, BUMYIL v T NA=1.20-1.43 DEBIRE
OREEFa v F vy A2HVCTRIFLCEAETOhIE o=
092-1.1 £ &9, TOETLIR0=0-092 T TORHEN
Hy PENTWBIEERTHDEST B,

EBBIAEED 2 SOMREES 13, OKREEALELT

NASNA, DEHFDEE, PITOXTRINE D ET
3,

6=1.221/(NA,+NA,) (2)
CoRFL—U—1 3y bk (0.611/NA)ITT v NDFEE
MOMBIAZHREZRE L cbDTH Y, WL v XEm %
3V F v OREBEEMBKDAEIV (0=0-1) & ZiZhH
fRREO MR ARICIH BT EABHRLTVWA, BBARET
13, PABERICHERL v X 25 XikW L FICRA B
B2 WA, bbby v XEIESRE TS L v
ZMWEE F 3K B LRSS o v v RO
DIARZEREL TPV v XEOIRZZE(L S ¥ 5 Fik
Rt LT, “BEE Vo HBEERV S (R
1999). CoMER, ERTOLEBHTI v F Uy ERD
AR L TRAVE Y,

REEE

BEREIC K 2HfEEED Y M5 X FPOE(L

Fig. 1 I Coscinodiscus asteromphalus O WBAEEIC &
BESREBEOEVER L. BliadNfk o, SRR
BRI IC MREED R B E VDI 0=0-1.0 DA TH 3.
CO&EETREERICH L TERRAESHOKMSA
B4 5. FBEHAXOIE - LY 2HEL. ERIEREK
HiE WS OIS 3 2 BRIE R 20— L
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B\EZWD, 3V 52 PORVENERENS. L
teh->TFRig 1A A oNB L51T, T OEREOMME
& (1300 nm) HEEALHFITER OV, BHOKD 2#
fELTo=0-07TREET TR EHFMMa -1V A
By, Boa v b5 2 b ELTWL (Fig. 1B).
L LR @) IiRan3d &I, K5 LEBHICHRIED
BETL, SZEMBEEERS D 5ERLTYL. 0=0-05
T TR A SIRZERAR RSO 3 v b 5 2 M ZBIRITER
EINBY, WS EI> s TLZE S (Fig. 1C). 0=0
THELOSRIER o=1 DL ZDHFENICETIKT T
% (FEMH 1984).
IVFUHERKDIAL (0—0) EWMKICE DAL S
OB L v ZITAB T E 1L 15 12D R
BEOETZ5I 2. Db v X DSREEN
O EEZTLRT 2 DICB o2 ETFTSERVLT
AVESRMAIERTH T EBMETH B, 7T v XD[H
FHEmIc K 5 &, SZEMBEHESEOEBICHES LTV
A20EEMAOMDOASETHE. Lichh->TavF vy
wom (=x¥Lv v X & H£%) oRAE (o=1, —
B »ofbEREEEHC BRI, SRR
Dav bR MEENRIAD B LT B, TOAHEE
fEEO—E, RFRIBHTH 2. TOBAREICL 5 &M
BEDa v 52 M2o=0-1 HEMOBHL D b L7
T207TC BEHORBICERTH 5 (HE - Hh
1954, /NMAE 1960). Lo LIRRIABIOZI Y b5 2 + O
BHHENNT % O TRBICE L WAL L 5.
RGO H A ZE T o3, BREOTo=1 {1k
OXFHEASFEENIT L., EOHEZ B E, AL X
BEARAE THERICE L LV, iR REA
T, PRIOVEREEDO—ETDH S (hF 1999, #o
1999). = v F Y ¥Ry EO R E Mg TEL L TR
RO & ThEfiBICERTE, coLadLr v
REEA IR (HBRR) 1278 > TOAIETE L < S iREA
K ->TW3, TORBAEICE 2 EHRMED G WEE
T, POBEBEBRKOSESI v 52 MEATFS &N

1999). 0=0.8-1.0 D#m#FEEAIC X 58 % Fig. 1D I/~
T, 0=0-1 HERDOEIE & KT 2 & i S EHE R
Hknoav b2 b ELE-TWA, C asterom-
phalus FILEBD/INE (areola) S O FIR CHER T
3, WmIBIHEOEEIZ o=0-05BEDOEa v b 5
2 MEEEHELTHENTV B,

Vb H&» BB 1 X 51T, SREEMHEOEZEIC
BOTR, MEEEOE I Y b5 R MEE, A - #iH
BWED7 5y MIa v b5 R MO, EAEEDOESE

Fig. 2. Line polarized light from slit-like structure of

diatom frustule under microscopy using cross
polarized light (0=0.63). A and C: no polarized light
from slit-like structure was found in parallel against
analyzer (or polarizer), B and D: strong polarized light
was found in +45 degree azmuth against analyzer.
The specimen (A and B) is freshwater attached
diatom Synedra ulna Ehrenberg. The specimen (C and
D) is freshwater attached and/or planktonic diatom
Melosira varians Agardh. These sample were taken
from Kobotoke river in Tokyo. The objective is a
Nikon Plan Apo NA 0.95, X40, dry. The condenser is
a Nikon achromat NA 0.9.

WO STl IBI OB D bENTVWEEE A L
5. EEREcBVLT, WPy v XEOKRY Ea v Ty
FEOHD NS v 2 E2FHEL 0> 1 OBIAZITZIIRER
RIS, HAMEDEENREC LD TELRA
Dd B, &S TG REE ORI F I 1 nw EEE[E
BRICENTW 3,

MHEEIC L W EREITORE
EYEAMEBICEE RS SA Y ETFSAFRESBLT
BER=a)LEl, BRARTTROALLENS (0=0-
05) REOHERAZBE L TWAEETA, 1) BEDOH
EMBIAZ KB, 2) 04 um DI OMMEEEED 2
YIS R MWELET S, 3) ERToE b, RF—VE[E
it 2 & 45° LKA EE i3 T v b5 R MASTHKT
3, FWOBHBAETED, CORFORENLHETFE
Fig. 2 IZ/”9. Synedra ulna TIEEREFEOZ Y » M E
B, BER=IMTHLTA°KEES N E =i
Bi% < HE< (Fig.2B). COMEERRY v MEENERR=
T L TETO & EITIEERT 5 (Fig. 2A). ARk
IZ, Melosira varians T\ZEEZROBESE TE < BHER
HRBEHE SN (Fig. 2C, D). I o 0HRIL, HERK
DRY oy bEEEEELOEO—HOERFELETH S C
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Fig. 3. Visualization of striae in Diatoma vulgare Bory de St. Vincent using polarized light and annular illumination
(0=0.8-1.0). A: no polarizer and analyzer. B: polarizer (placed at 90°). C: polarizer and analyzer (cross polarized light,
placed at 45°). The specimen is freshwater diatom taken from Kobotoke river in Tokyo. The objective is same as Fig.
1. The condenser is a Nikon dark field NA 1.20-1.43, oil immersion.

EAERLTVS, EEROBRDGIERET A1 BTHR
FMEARE IV, FAEER OB IS0, FAB
BOBKRESBIIP SBRsNEDT, M/NEDERP
DNA Ok H>HEERESEZL I L., BEIN R
HEERITICHRT B3 EEZ N 5D, v VL3R
S (E#E1991), =Y » Mok ARt (BEH 2003), X
Fhc Xk 2R (BEH 2003) FHOICEHET 30 iE AR
HTHa, LrL1)OBERBIWEBLECEBDAE-T
Z )y bEERLTOAGSICEDENEDTRY v b
", 2) DEFIC>WVWTHBLZ 400 nm LI T 0 E
ZY y MEEIZODVTREDONICDTRY v MEo—
BoriuhrtBbhz, 2y FOEPERICLD,
H U 2 RO R RS RIS s Twalcwic
NOZSOBEEMEI 50 TRETVAEEERENS,

HBERALRELBEMEEOESEHE

I IR L SZEREEEOm T v b 7 X MEET
W, EEEESEEIC X D 400 nm » SRERA E TolH
FrERE T, RIS ERE S Mg ESRZ %5
blihzw, zoTclohk Wk Rt RiEE
annular illumination using polarized light &F3s) %
FH\\ T Diatoma vulgare DSR4 EE L T A 7z (Fig. 3).
ATEDOZARIH 260 nm ORIET, MHEZEEPLMHS Tk
ETRBERET, WRRIATCICEFNCRAZ &R
by, SHEENEEZHVEREEMETY-LRAS
BEMEERObDTHS. Fig. SAICRONEEY, @
HEATRIERREOLOTMIITH S, &AM, av
FUHDTICET 74 FEEEL T, D. vulgare DELE
L CEBMAERSE/cETA, TV PSR MOKE
MAEE SN/ (Fig. 8B). £ CTT+F 54 ¥A2EBL T

BA= 3 VOREETHE L E A, FEtihiod LTt
BN A DAIBICH B & XiT, FFEDOI Y P TR PR
Ricizh, &b THBRICRHEILE N (Fig. 3C). B
¥ (md) BRICER = 3 viEEEEASSHhE T bER
OEhERSHER S N, BRE F cdRREEBEBETHV 2
kL bHHBREMEES N, BEX=I VDL X
Ry, &3 EMIERRO GHig, 0=0-1.0) TbHEERET
b oo, HERORIBOMAHE & oM, S R T,
COMMEERI TR TRILL, &EEETchsEEX
5N5,. TofiEd Round et al. (1990) 37w L 723518
BETHMBEEEL bL—HLTWVE, HRX= I3 VEE
D& xiT, FREBVERICELTHSCRA, 0
BERERSELERIFAY, TFHI4FIoL T 45°
DEXTHFRRICE T, RIEDBRS SAFDTFSA4Y
DELLPITETREZICRIPS SR/, 1FE
AERZILE, FiT=an (b2VWEES 1,
THI4FDO—FDA) DBEITIE, SEMELOSBE
BHEBERTAEXICTY PSR IDBRICHE, D&
EEBEPPREL s e FRICH LTI VEE L TR
Z B, BEtoEEIKREVWOTI Y M52 FOELL
BEDTHIETH 5. DI EOBEERE, 1) /EREEN
R T b - 7kl 2 St —dm T IR CEfT=12
Ve BR=aN) Fre@diRa v 7 v RV o RLE
WL VBETE AL, 2) AELIEEEDIRLEE
HEFIALTVWA I EERLTVAS,
Rt—EREE (BERX=2V) BT, BXLE
EIT4F «TFSAHFDEL SHITH L TE45° DAL
BB EXIIEBOIV IR IBERICBEEEND
i3, BEXRTARFEECRLTS, H—Ha v
2 MENERZE > EEBERL TV 3,
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Fig. 4. Visualization of grid pattern of Amphipleura pellucida (Kitzing) Kiitzing in the method of Annular

Illumination using Polarized Light (AIPL).

A: AIPL (polarizer in, analyzer in). The specimen is placed at 45°. B:

AIPL (polarizer in, analyzer out). The specimen is placed at 0° against polarizer. C: AIPL (polarizer in, analyzer out).
The specimen is placed at 90° against polarizer. D: annular illumination (6=0.8-1.0). The specimen is taken from
pond of Botanical Gardens (Graduate School of Science, The University of Tokyo) in Tokyo. The objective is same
as Fig. 1. The condenser is a Nikon dark field NA 1.20-1.43, oil immersion.

RIKEERT S EEHE Amphipleura pellucida DIR—if:
HEIic & BHE{E % Fig. 4 IR L, BRR=aMicLT
45° DILEICE W ER TR, RAEOK TS (ET)D
NEHLD THEICARILEI N TV 3 (Fig. 4A). £5 35
A9 (@7 F 5449 2EHCH L TEAIEEY
3 &, BHNCEITRBFERSEFH SN S (Fig. 4B). #
554 (£ T7F 74 %) 2ECH L TETICE
BT B ELEMBISNS (Fig.4C). T+ 7344 « £
SAYENL TEEORTRIAELZITS &, FEoa v
TR MG RD, BFEEIAR{ES NV (Fig. 4
D). ABIKBVWTHEHR= I VEICIBFHHFAD (0=
0.86-1.02) « R (0=0-1.0) ® & b 5 T b
NEETE . HERMO (0=0-1.0) DET=a VBT
IV SRAMPELIESRY, BTHEE - SLREbIC
EHERTERV,

AREDLEHIT 250—270 nm FREOMIRT, NA=1.2
D bomEsr vy AT A M F+—rELTEHEL DS
FlHsn T3 (G« | 1953, #.E 1977). BO%
RASHE OFHEBEA TR FREE (RRTD BhdricR
ABTERES PSHIONTOWEZD, 3 v 52 FESL
BE - JETEEREZDODTEHLL, BVOREEER
HEEE H oM THEE & £ 7 A EMEER2HVTd
BTFHEEICIIE S\ (Weiss et al. 1999). #EBEFEE
MIRBIT & 3 L AROMARRIC ZER T 2B TR

¢ % (Stoermer & Pankratz 1964). EEEZTFEEMEE
Kk 3L, COTERERERICH 3 EHICE TR
e, BWRERICH A EOMEAGR-ICEVELTVS
(Round et al. 1990), Fig. 4A I & » AL S k& F
BEIINSOBETHEMERLE L —HKLTEY, &
Db EBBEFEMEEGICEVEDER->TVWS, &
RS Bl E OB O & A R BTS2 @B L /o
HEARALLTWE NS EEL LN S,

Fig. 4A TSN TV 2HEEER, RIRIBTH 240-
270 nm, SFIOEIRET 200nm TH 5. Fig 4A O
k& 13 450-500 nm T, 0=0.86-1.02, L v X
NA=140» o R BREZHE T 5 & X (2) &L 0 #1190
nm<ThidN5o, COBRFEEORAHRIEL—)—Y
Iy FOFERNTHE, INLDTEMLLEZITS,
Fig. 4 Ic R o 2 &FiiE& 13, Amphipleura pellucida
DI FHEE (ERGD iz v eiEmshs, BT
MDA ER I LT Wa 1 XTh D, s iE
LEHOMERFICE B3V b7 2 FRELSTRILICEIR
HTh-rcboifBENs. AEOKTREEIHED
Tro<w—F (NA=13), 75v7/u<—t (NA=
1.25), 75 v7Hz7uo<—k (NA=140), 7Y€~
BENRHT77o~=—F (NA=130) DEDHY L v X T
bHEST LB TR,

BEICBOVTER, FEOARTELEBEREICL - T
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BB ICHRRE 4 20, B be R (n=24) B L OFEHIE
DWBEICHREEEHAT S, HHlICRFT S REDOK
(NA=16)5¥L v XAHV S, BERSITHEEEET
5, £ o%4 (275 nm £ /213 365 nm) OEKENE
Fuv3, $SAROBESIERRARSI N e/ 77—}
L v X RS 2L, FHRLEE OBA PRI
FHIKHoF 3 0END - /- (Stoermer & Pankratz
1964 tho @2 2E). hic L TR IER%
KBLTR, F8X B L7TEEOHARK, RO
1.25 L EostL v X T A. pellucida @ S5 % EE
KA TE 20T, BETRSNTOARHERVT
BHRICER TR, TO0FHKRBEASHLTH S,

RA—wTRAEORBERR

IR i L v X o BAIESR (B8 othiig
AERL, BBIEELBVOREDEL EH v + T3
ok cds. COBHELHVWAEIT YT 4R
NEL R EMEIBARIIREL L ZDT, BEBRREH
EELEL LA TVS (ARH1959). L LERIC
RELCSROOFANFESTELILRTLDT, H2EMH
RSSO 3 » b 5 2 b2 A D, MRS O mIRR)
Biz@BhTwa (B8M 1984, 4t 1999). Rt (HFE
R TER=2V, a0k v X2FERLGE
BHUESE TR TFERSHEL, =7 ) 7« 227 3H
DDy u—s—JRiIZ#E Y (Inoue & Spring 2001), &
BREEGEFSAEEOCK 0L FICETT 3 (ARH
1959). CORZLEIFHOKL v X2 & 2 EF HEOD)EE
WWER”BH B30T, LI F 774 ¥YHESR (Inoue &
Spring 2001) VA BNEH S I EMNTER Y, &
HHEE « BXEOMEE T 3 RA—WMTHEEKE, =
BLED LS BEBRFEEF OB B,
AEEIC & B HEMSEEHEECRITROTRICET s &R
Rz, T TREROEREBORIRS SEBE
XT3,

R EHEIAETER = I VOREEICT 2 &, WP
vy REERER ) v ZRICHFEovihub A BB A B O
OFEREEE. Y v 7 3BREEA, TFoUNASRE
HEROBER =2 Vic kB HEEICRET 5. EL2MTHE
KB SR VDR, SEOKOI YTy AL v
Rk » TRAEEOEESEC 2h 5 TdH 3 @R, R
KHEOEEEIZ L BRI T F 54 h 5 L45°DE
Tho, 0=0 T/ o=1c[@h > TlRKICE 5 (FEH
1984). L7chs» TIRE—BERIAE (BEX=a V) 3E
Y Dl AT O FHEREA % 1T 5 PUBI O RIAE (8
51999 OEHBF-TVWEHRI LKL, OXKER

MRk 3 b 25 AR T & i, EXT 559 — v icxd
L CHBERIARE FEs@grfifgcEsLanTn
5 (4 1999),
FX—wEEIAZE N O RTERE, ZTEHEE, /Kt
B0 3O « BIEZAEOBSRICE - TV 5Tt
MEWwEBbh b, FLEMEC K 2BHERHoEEE
B ORERIERD, TR (RERE) <X 352
BREERS O 3 v b 5 2 bimFER LI BN, 08
BELTHEBRAICEVY A ZORY v M BEPOFET
ARt ESGRENIcARLTEL D EEZ N,
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Fig. 5. Configuration of annular illumination using
polarized light. This configuration is equal to
polarized light microscopy equipped with high NA
dark field condenser (or high NA achromatic aplanat
condenser and annular stop). Qil immersion is
required for observation of 200-250 nm structure.
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