SRR ) 2RO R B AR

Ronald J Adrian
Hlinois K¥EBICFN R NEER

XEIF TR ks Hiks REF; AR RS

1 5 ™

RACER PRS2 — A EXRRE, KW RETENMBRGIREGHBRANER
R, XEFRAE/MBHFEBRIEFEE TR BRY: (tomographic interferometry) (Hesselink
1988) M- BOLTE R 6k (Hassa et al 1987), bl K IH B3 BF S RO RE L R AR (Lee
et al 1987) , VEBMOLE RN, BOLBBERAY:, BTBREN®ES, 4 7 HE N
¥ (Miles et al 1989) FUM ¥R WHEE, XTRXETENGERTL, WUAETRXH
MBE P F B Lauterborn & Vogel (1984) , Adrian (1986a) , Hesselink (1988) il
Dudderar et al (1988) f3CE, Merzkirch (1987) S LI K Chiang & Reid (1988) F
MF Gad-cl-Hak (1989) EHB.

1.1 BRP LRk

AXKBE “NFRBEA” , BEIEFHANSRHAL L ZI0 MR E w8 NaE,
KBBHBICEHBMREKIRZF X~ KR EERBEARP—f, XBEERBEERER
W BB A SE LT R AR KR v,

u(x, )~ Ax(x,t) /At 1)

AH Ax BN Z] ¢ AT R EMRCP RS, EREMREH EER At )94 3MMRCY
RRTTREIR, XSRS YEE RS
e B PO 7 T L b o B S008 , 58 [ Pued gyt vetimety
FRSEPBURF R BRI/, HA A

BParﬁculule Morkers ] [3 Molecular MamohJ

RBWHRICYAIE: OdBOEIRMIE T T

BT (patches of molecules), XLEEIGHER Aggacue | 5ol | o [rooaronid] poees |
HRELS TP RN (Gharib et al 1985) , (Nau‘;") L(N.—«l)[

BE BB R ST B 06 % '

g ]High image Low image
$ Density 9| oanﬂ% [ .4
PV Ld

B (Popovich & Hummel 1967, Ricka

1987) 5 @ VM TGI8 S T BT A B ) L=
PEERY (speckle patterns), N HREFFRX ga(@;qu?gg ﬁfjﬁﬁﬁigﬁﬁwﬁ%& 4 ¥
TIFEAY, CNESIRNANMERTHNE TEY 5 BT o X&N 7 2N 8 SEEE
PHWERET R, WERRASRER
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f’]/uftﬁiu RS BMRAUT ), WA RIS (video array detector) a4y B g A28
L. WAKEITE AR MBZ AL, FkEIRERp e NEE (PLY) X A4 BT
—&itie.

£ W%%i@n\&ﬂ’%ﬂ}ﬁ@?‘#%iﬁlﬁﬁ:

1.2 EFRfaids ‘

AR TREMTHERBBEGRRIE I—%, ERHEZ IRTFREMEE (PIV) |
CRAXKELETRREN R, HHER T REWE SR TE 1 b AT 2 81,
M — T MR FREWME S RE AN, B2 R PERE TR & % % &

1 CAMERA LENS
3 -FOCAL LENGTH f ™

M2 PRBCT RIS L, WRGs TR, R
1 AF 2 WmENEs 3 ,4,1.”..‘%!' 4 JUEREFISIRT S A

%, BWARPEOR T ok oG RE, SR TR R R Bl S R R 90° AR R BL & Sk
b, MBEKYESHBHOREABERES. TEAEBMKA LREEWHETIREEL
BB TRTE, REEERDENT LB, SERNERGRMTEENSESD
BREENSRZ - FHAIESRNKGLIE—-RICEENEOMRHE:. aTReEm s [ 5 %
By BURBASERPRBH AL, RO “#E (nterrogation) ” s Ei¥
Mitw., WEFERNBREATHERRMRD, Sitnx T H iK% 500x 500§ 3 (pixels)
REFUH A — A SRR G AR AR L, RS4R3 (BN 2.5 % 10° AR ) BT LU B4k, Jf4E
AR RSP, MRPHERNEGNERERR £ E, fmX T 5 5 & X300
2/mm, K/hH100mm x 125mmBﬁ~?&Eﬁ K. WEA#d1.1x10°0 4%, EdHE—1
i8] A (interrogation spot) 24K » 3 AMHTH A0 1 AN BOR - SR FT R AR5 — /NI v (K R 3R
HEE, BRI — A HIE A, X SE AP EEE AR, EUAARERE.

B 3 PR AR AR R X A AR BB R R — NESHAT. 58— KERE
MK/ R Imm x lmmﬁﬁfﬁjﬂﬁfﬁﬁiﬁ 1mml§l<]";ﬁ]|‘ﬁ]}5(5{31%§ljﬁ4] (Landreth & Adrian 1990),

1.3 #&H75 X ’ ; ~

~— RV, RIA PR R T AR R SR, R 1 IR SR TR IC Y
AREMAL, FTEEIEBER 88 3 BARRKETHRERSTEEETE. BT
FRAG B o 5 OB M HE Z M X 5, RS AR BUR BT R T T 3 B
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(mcan number conceﬁtration) CXHaG B, U RS RIKRGHRERXR.

1 Separalion Point - 2 ..
=———- Impinging Wall ——
T 1 T r T

i
T T T
= PR
\\/.____*,_.s.__._l «—— -,...s_-_.s-—i\ﬁa——h
=3 o - — L ISR NP . o S
B B
S ‘”—N,,,ﬁ—-\\\\\ —— e e TN N
-,.a //"— ARG RIS WL NC NSRRI SE S
e //// NN N~ -~ B N N S
A'/////'/\'\\\\\~ ______ NN N N e N
S % | //\\\\\\ _A__._.___//\\\\\\\\
- s ]
m/[_///\'/\\\\..,/ - AN U UL UL N N
y PR A .. F T S O
PR L I A A | e . ; < '\“
Py s ST .o . . e P VN - (==
N TN S A .
- P L e T T S S A Y
R .
<l 4
T NN\ NN ¢+ - AN/ Y= s s '
;q'-l ’ :
N i
) 2 [

" % fmm
1513 BT ARG I s i D BRI 4 SRR SR RO S BB I — N 46 [ Landreth & Adrian (1990) ALK ]
1 AEDH 2 rehREE

18,1 WORKGETIS  ATHOGMEEIT R, WA R Ak Bk, BObl i S
TR AEROTTE L RS, RO TR AR T BR8] i T8 MU 025 B 51 R 0 JE LT o R B
(random interference patterns) Y FNEOBHIE (Dainty 1975) |, Jar 3l OB & Bk At
K H IR EGR T RERIR A BN, AL, )R TR B R B X AR TR E R Y. B,
MR BB R AR T LB B Y, DIXR T RB TR M BN E (LSV)

1.3.2 BTEEL ERTREOT, HAHER KRG LIBORA i 2 A
BHG, TRADRFRGRERT. XREERET, FEEWHIMPOREE. fERgE
AR, WO B BN R T PR R A 4 AT 25 v M Ot SR A e TET IR SR T B
FHENE SR T W T MR RS, RS-SRS B P g N T A PR I
HEMAD, BB RSN GORBI RIS W T iy, B, SRR R 7 R I
TREEGRENTRENEEZ PTV) |

1.3.3 IREER TR R SRR S T WO O SR T I
0 S R RO AR B Z I, R BB R R R R R, BRI S
RUBIERE I E — R R ASHESE, HXARE XSG ESTE AR, 72X f R
Wy, R ELBEGGERES AN CRREE, RATEHECOYRS/DNBRG G,

1.4 HLAE

3K 3 440 2 RO A M 2 O B 0 B B R B T R B AR X — R R I 4
B, RER TR IHERBTSEER D LR S — R, XGRS X e AR
MDI SR EA L, 68 T BR BRI Dl I 2 07, BRELRABRERNBANE
fils MRREE SRS F%&f&@m%%mﬂ/ﬂ$ﬁm,kﬁ%ﬁ%ﬂ&%ﬂf&%
TR, TR B SOR HUBE B s R R SR i

7T BB B U s SR R T s R T K2R Cstreald) MR AN 45 D9 R ML (O % RS BAT,
7€ Van Dyke (1982) fyk £ AT LUE B2 1 MAF I3 38607 IR A s 1 B8 B3 i M 2 1 o)
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T, BB, REAMIFEEBTALHM, LHERMNAXHBEREEBHT LR X
EOEER) MR (BF Fage & Townend 1932) , B FBRBERENHALBREE
2, BHRXMERIBERNERBE, HHTL T REVRAT RS,
WOLHBBER LR W T E S, HIBREHEHINETCEATABR B 3 B %
(Erf 1980, Archbold & Ennos 1972) . Sk FEREMHEE AR, REFSHA LI
MR PEE (double-exposed specklegram) SZFF AR, P AR ASER SN
WG ER, MEE Young KALMIEIY: (fringe method of interrogation) MK
(Burch & Tokarski 1968, Stetson 1975) , XBHHEHH A CSLR AT . Young K
2R B0 o) B R O SR IR B BRGNS RS B AT T
HREDER PR H— A 68, BB AN BRI Ty, MWD Young RASER
(B 4) |, XKL SRR T RAAIRE, 40002 I ) BE W 5 008 B K/ UK .

Specklegram or PV photo
on computer controlled

4 Interrogation spot L)
diometer=dy

w
H
b ARRETSR R fringss
- ‘~“~~~ Seea
- —
6 7O VIDED

A ax=mudt  ARRAY

M RARsnEE. BB, ERRGEEEN; THE, Young K £5HE, Hth—PEHEERT WRQH RS
2 # Fourier TR

1 ERE 2 EREx-y S PR ERE T RRNE RN 3 WHNTENG 4 ORAERE

5 Young IR 6 FWHMEHIIRMEE

BOTH AR Mg T ¥4 — R GR BOE  IR 45 R R Y RO AR LR B e,  JF AT M E
I oEZ—mx (pairing) . ,

Dudderar & Simpkins (1977) , Grousson & Mallick (1977) Bl K Barker & Fourney
A977) PR xn %M, B Young KALGARIM, BOGBPESA v L X B i\ 1Y
EEBERAS T MRKEBE), Simpkins & Dudderar (1978) Hl Meynart (1980, 1983a,b,
c, 1985) o MG HUBE B Bk A0 K R B X AR T W AR SR T W AT
WE el T,

Pickering & Halliwell (1984) 1 Adrian (1984) i\, BQEEMMTRE ¥ H&
R Bk Se R sk TR, MA1AN, FERBAS S, BRIEATEERER S ERH
OPE SRR T, ERRMHEGHR TRREEEIFAREE, AR E B F 8, B
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B, R R T R MR AT AR R WO B M, 2 R TAEE YR E RN
FeWBE WY, IR TG, M1 Meynart (1983 a) RIFELIARR KA.
W — PRI MR BUSA LHR TR (Adrian & Yao 1985) Wi, # 1—10pmil
B ) B0 2% B/ B T T T B 7 A RO 5 SR A T LR B 012, TR 72 2 BORE BT 98 MY BB b
BB T, SRR R IR 4BOE Doppler WY: (LDV) FrRsLMaeE, 7EXRE R0
THIEMTFHEEETHTHRRY (Drain 1972) ,

R%%&?Emn%&@mﬁaﬁﬁzhﬁﬂ%ﬂ?ﬁ%ﬁﬁﬂﬁ%,L*i%%%i
BRBFRRA R, FuirS B4R R WAl LR T ROR S M. 4% —Buitie
BT IRAGPT 3L IR BB R, B AN LTI T R YR AR A i

2 RFRENHSK

2.1 2ETFAE

S - FAGS AR AR, HMER f, ERAS R x — /MR TR R B S BB
BRREEKN -1, XEB

_ di [/\ A (2)
n =g Lex+yy]

Hefid, Bd; A HRYIERREE, x My REETHECHNAREE, = 58 % ¥ H W
B, B
Mz)=d,/d,—-2 (3)
AR EBBRT 2, XERNX (3) BATHEEHNBEEM (rules of perspective) , 4§
PR R, BEMERXAMRIES, NE-n 55450, D@RAS SRR MBS ERT
FIARA N~ EQPLE. )
AX = M(0) (Azx + Agy) +M(o)_-""‘;-’/y) Az (4)

o

FEX SRR U AL AEARE PO BIRREMN, Murai et al (1980) I TE
BTEBREFRMAREZEN XFE.

FEALBFE S & 4y BHRAERIBIRE L) MERKEE, Mo X+n0030 3%
R, BNMEHEBRHBFERL, BHAKMEEK KN SERHHE. MESERNGHZ
FRET, T i R B H AR N

ds=2.44(1+ M) f¥A (5)

B Airy B8, b fFREBERN F B, A RBHER., A EFRAEBE FHGRIR T
JLfRY Airy BB B (Goodman 1968), MEX B AR E B Gauss BEXEEL, WArE
THERGERKEM AR (Adrian & Yao 1985) ;

d,= (M4} +d})V (6)
XTRESROBBY LM M =1, f*=8 % 4=0.6993um), # d,=25um, JHRHT
HRANT 10um WBFHRE, d RSB TFRANGX. K2, XMTEBK F 50um iy
BT, BMEELA LY M,
M AEH A R
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Sz=4(1+ M 1)2f#2} D (7)
HUMBBEHFRIE (depth of  field KN, LRNBIMER. EXAEELS, RRE
BEWT, BMERSFERAAIERRTHHEKR20%. 7 0 x WIRBXRTEL EAE
W, EMHIE (depth of focus) By, &, Rt n KMT x,

T RR R R G A RBA RS, S, T £ =8 R A= 0,6993um, ﬁ(iﬁkﬁ’ﬁ
0.7mm, B, WRZEHINE-FIERSFRRGHE, BARERM YD, WHEESH
—WH R EHAFEANKN T, 8%, XAKBEARHInm, K2z, WRIAEGH XS
WHIB TR, W3 4Ep TR, BARFERWELR, XBHKEFHEX, NE
MERWLEA, B, FER Umm, FRLZ08KD) 44, 4. ﬁiw"*:ﬁr‘mwm.

HEHIML A BT S e T 0 L AR A B A BE TR AR e R-P s Ums sl 28 1 R~
CHIf R F k) | »;%s’i!miiiTﬁ%mfﬁwﬁ!ﬁﬁﬁfjﬁﬂaIXI,m. IR X] wanddo B
Ay BAFE (4) FHE 2 BUARABRD, JHIERKN 2 BB S TFHEAEBAIT

— AX = M0) Ax

z:.‘ DXHEI ML, Ax= (A, Ap) M8 AX
a ORI N THARTIREY 2 B,
L W 2 0B IR A SLAR Sy “bir il
‘,,G:> B <:&:> B8 Hi ¥: (paraxial photography)” . X fi
Tl i, R f=300mm, JFH Y M =11 WY

g i % 120mm, A 1X] o/ do 36/ T 0.1,
- 20, — " MR HE AR, WEN 6% A

S5 JHSCH AL YRR ba SAEIYS f Ay I ERER H S B Az P ¥
(Lourenco & Whiffen 1986) . X7y ot Wl B A Mk it 2 R SR ATEE. %08
IEE S 24 IBEAIRI S, HHHANREEFHKEN - (Es) . WEAEE, HEN

- =;ii:_\—[(x+dm);+ 2y | (82)

[(z dL)x + yy] (8b)

'ﬂz-

R, ARG KRR, ﬁ%ﬁm/‘ﬁﬂ&‘mﬁw Az, Ay fil Az, XFh 7Rt
TP OLE A B R DL R AP A B R 2 UM S (Sinha 1988)

2.2 HBFAReoH

2.2,1 Poissonf}Ai 15 SRR TR T B0 P 9% © Y T AR I B 1 R B R RE LA
MR AR E, TR TR RRW RGBT R, MR T B RIGH 6 L, WTEH
BV HRE b AR Poisson 234, HIEER

Prob (BKBLV Wt & ARIT) = \‘9 ‘9 exp(~CV) (9)

1) i W Offutt AR AN sUIRANYE L) B MO E AN 3 L nyigilz.
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2.2.2 WEE SR, FHEE S hHHBEER S —A B TS B & A
B R FHT %, ANER /M RREEEAWREKPHNFRNER (Adrian 1984),
EXAEBRBRISMAT (resolution cell) , FHEBEKEN

N.=CAz,(zd2) /4 M?> ao

mE 2 ARF AT RH- A%?ﬁ&?ﬁﬁ], MefhE—EERTEH ELER. AFE (9), X
NKF 1 BZEXAMERPAE 2 A8 2 40 BB FRBRRBNE BLA. BN, EK
EEQTEH L ERRHER, K2, MIN, BEREE-ASBRTPET 1 ART K BE
RN, XRE NN TN KR, Prob(k)~NE/kr, TH, MEN REFEE—L I LK
18, BRI AR,

2.2.3 QEE SWEEFELAEL. SNBSS SR T BRI — 1 R ET
(interrogation cell) PR A% H, WHENESR 2,/M F THERZEBFEPH — 4
HEE A EE, QURRRMNA, Wd/ ML R FRERR 2 8008 | Ax|wx KA.
WRAGE Azmdi/iM? g —ALL LR, WERTVE LRSS -2 ERE,
TR, BYHNBREESRRELN (Adrian & Yao 1984)

Ni=CAzndi/4M* an

MRN <1, WE-AARETGHERET 1 4R TFHEREE/NTFEX RGP EB
I ARFRRER, XN TREEERR, MR Ni>1, NEKARKPILES 2R 52
R, WU, FE—BREATEEE T IBEMRD,

2.2.4 EEGHRETHEE BTFREQUESERLE LR MR THTAME & MK
P B BEATHORE, X FhHRAR & A RS B AT LA AR B b B ARSE R T Z IR EE R (e
7=0.55C V3 4 ) KEME, REABAHTHERPESENR Z M LHEE [H
0.5 (CAz))" "4y ii] REIE., MBRBFRARMMBAT—A 3 ERBMK L, MWREHL
Nyquist ¥R (BPEORELRIENTHHEDBERKY—F) , EAEEHRTL 2N HE
WA REER, BN THEEARMNE, FFUAKEEENEX LR M A Nyquist 3 B 2
B, AEAX1EIBOLENMBAENEREN, T IS LFHEEEENET S22 —B/D
RIRBERI, HEHWERETEME (Adrian & Yao 1987) ,

BARRERZESRGHKERER X, NTFiRHKR, BOKERERTEREEN—
ARE, FHERSHERNEIMIFERE, DEHEENHLRERTHELLER
Wi, BEATERSARENZINERYE, REEERX L-IMEETAEDS B in X
#, MWH—ANRES M RLLEDEEK/MRES BT EL G,

T BB TR AR R Ay, HREZ BT RIBE AT I /N T Taylor $ R B Ar,
B Ar OREESE R EREE, WH580% Doppler BB EREH — 4 % 49 # & (Adrian
1983) MIBB®E (data density) , BENX N

N,=C4A} a2
BEXAER, MAEZENTZEEES Taylor IRENXRE
7/Ar =0.,55/N ;' (13)

TR, RMNAEARKRENNT A B KOHER, EXMRBELT, BERW bR
s, FAER LI IR ARR, RE LRI E N R TR E AR M
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3t PR S, mmwv i>1, RS RAERL, B aeshxA AR
AR,

Semy b, BT BRI 2 AR Az, (Hz, WP S2<Az, IE) KHE,
HHBHRKERG/M (RERK 2 FB| A 00 BERFBHEFANE K. ik
RAVBE | AX] pax<<d 1/ MR 2> Dz, TRERSBRRGDFRTEBE. Ba, BEE
BHBREEZWERE N = UM A /xAz,d11N 1, TR Az, Al d 42 Ay RE P, WEK
IR B SR BB RBINEE, X, m%fmmm@t@hﬂmm%#m * [8] 43
PR BB,

2.2.5 SGEU Jbk U OGRS

o B Aﬁa’ﬁﬁmiwﬁﬁﬁﬁwﬁl
%*m»:'; ARE B TRA .

A0 o OF
L) =4

Kt o & B F 19 Mic B B B (Kerker
1969) . UM HUEHE R N R T A I 8
3 | — R TE Y 0T B0 0 R R

° I — M3 % (BI6) . i Rayleigh 4 16 1
6 MFIIRISIE =22 OB EIRE, ARG (psch) V3, IR B @,/0° MK
RN, ROTHESHAAEZ oy 1.2, TALJLTBURNTERE > W, VIR A

S 2 R4 S RRRE G HEMA KSR Adrian & @, /A)* K,

Yoo (1985) BASMI TR, BT ROUT S Lk
MR ZURE—ARES R, FRAKOTHERESITHEN.330, Bz ohrm
R B KPR AR 106, B, oK R KA 31T SRR T R
FOHPBL T R E UL E R EE, 3 SR WS o T LA SR FIBER B T R e 2k B i
WS Ha¥E Qracking fidelity) ,

ST 25 SRR B ANBLT (1—20um) 5 A Mic SO H 3 th JE AL 6 3k o 45 00 1 i
SRR (Adrian & Yao 1985) . X FAMARMBTFRT. £ 3. HHILTBR, o
ke B B A J 25 5 R B P SR B SR S O, T LR M e SO RS SRR A
— A RTR B R ;

AR E R — WREEE R, S R — RN 2 A R, A
SRR e OO RIEH, 2Bk (O B NG RUER LW 8 & 700, f—h

TR TE B LR A TR R T A AR S .

€/[W/ Ay A

AZWJMPdQ
" B (a7 + 2,485 A+ M) P05 By Bz, (14a)
2 2 ‘ o
SR (14b)

TR (M v 2. 442d%2/0 YAy, Az,
AW R R, D, BEBRILBEHR (F*=F/D) , n ZHABWEOGEERN K HK
B, N FRRABERETAHREEENMEEARALZK R (Kodak Technical Pan film)
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BT, Y, E5SORLUE 2.57 4 S KA BOGRHHE N B 1—2um BT

s EW, ERIESD, FHIHRBKN Nd: Yag #0625 77 LU 3% BB KD KB 5
(Kompenhans & Hocker 1988), [EIFERIAER A LAIIRAK L 10 pm (T, il k&% 4o
BAEBETFLIELBRE, TUURBEMIBT BWmSH Paone ct al 1989) ,

HE (142) Al (14b) BETETHPHERNEL, X T 1—10um FE K HABET,

n KT 3, MAHEMALERT 48, 5 _

e~Wdd sDi/didiAR Ay Az, 15)
WLED, MERERRTEMEA, EMBETRE, S50, WEd, 40 Ay, 3% H #
IR m A%, WRKERBBR/NE m™°, HTMie BERAGSH GERY BR—4FR,
HEBREA BIER) MBEAIER, BEMORMGEe A7 WAk, S AIERE, R NEE
PR HBURB RIS, SERMN A HEB/NREER: bzo~4, B, P xS ERRE & X%
HARR Bl MEURnA T RE Bmaw . ~

BN EXRPIMBETHRN 3 X ATKBXER, HANEEKRERHERAADBA M B 775
T, I HXseR 0] fEBCE Wl it SE sl A v REA IR B WSl Ay Bk, X7, BEAMEFIH
KRBT,

MR RA/MER BTSN EE, H8 a5 B

eccWD2/d:M*Ay, Az, 16)
XERE R NRIED RBRERSBTERIEX, iﬁﬁﬁ%}‘;‘ﬁﬁﬁi%ﬂﬁﬁi ey
dy R, XH, MABERMET, HEd—eR) Gk 100um) B, HRiR%ILTF-BH
7Y - '

2.2.6 BITENI PR RPRCT BUAR B T I A RAR R 2 R W BN T I Lagrange M
VL, BERREXARCT B RES M Euler B u(x,t), AMTRLH%H BN TR ALK
BN MERE, ATHR 97 FRN 7R, NERKNERRPFRAIBT B, &4
HEAERER-F Mz mBN

dy AV _ pndp _
5 dt Cp [v-u](v-uw an

Op

FEm EFARB BT R BTy, SR B B B A A MR B S F IR B, £
R BE K E OB T SO AR T B LR M3, FRATRI LI 1 BR B B R % Co WAL
TR TR T, MRS X — 50l a4 T A RReynolds¥ak R,

BT R S B MRS R R, TR semmER, 8 7 W alv-ul2
His WAMBRERETERCESZORE? — 18 2 0977 e B 0 545 BT M o 538 8 i
BRI B EE, WTHR A MRLKRD ER, RITE

. 1/2
e g i

ERRA BB T Reynolds BB HE, A Cp~constF 5N EE K F I RRIE L,
FE/NBLF Reynolds #lv ~u|d, /v <1 HGIRBRIE R T, @TLLA Stokes @#kAS B Cp, %5
RN
Iv=u] =p,d2|V]/360 19)
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B TR AP I B A LR, R 0,0Lm KRERE by BN 100 m/s 1 748 40
3, MEELN 10°m/s2=1000009 (9 REHMEE) , WEN2H lum B FHBERE
Wk dm/s, BN 4% MBEEAL, N TRIEXSMHE, FHBOL Doppler WHHRIB R Y
6—15mm @ &Ny 499 m/s—92m/s MBS PHE RSP 0.50m BHK 2B KI8T REB A L
YRR R Curbulent eddies) MIRBL, FCAEBE LT BILIE HEEM 5% (Gocbel
& Dutton 1990) .

2.3 MBAHfeitk

2.3.1 BROMS AR REROBKM SR T 7, B EATRE 1, MBS ER, R

— ___.]
1 Single Frame/Single Futau l &/” l'\$¢ |

- 7
—d g —H—- Fluorescent tait

2 single Frome/Double Pulse o o 'I’x.i
o] L

4
—JLL' —“t—L Image shifted

3 Single Frame/Multiple Puise °0°°

4 Multi~-Froms/Single Pulse O 0

§ Multi-Frame/Double Pulse o

oo ll* 00od|® ooje°

1
6 + Multi~Frame,/Multi~Pulse o0

t

T
1y 4Ty 22 ygaan

B7  RkrhSRESHEAR T ik
L OSERi/skel 2 SEWT/ARBKMT 3 MT/ZRkeR 4 SNSRI S SW/BUKM 6 S/ Zhkeh
7 HERE 8 BHHEE

W AR T ARSI R, TESWR TR, T JLA B S 35 R
ey IR A — WU T e R B — b T LR, PR S —
WS, — AR IR B 7 S WU B R v R R RS, 36 EL— 2ol — B, R
RS BUE T ILA MBI R, SO 02 b B F 525 e B 1,
BRI AR M E IR A A RRRERE R AR, SILE T 8 4% Ax,
SEUCHE T AL SR BLI N (3 DL A R 10 AR TEINAC 5, W00 PRI A LR B B 1P
LT S, R R BT L 5.

TR A R TR R o — R AT AR, R T AT LA R
(KRR, ol e B0 B i 7 R MRS/ o 45 1 R g
BRI S (CW) OB AR T L1 TS et B RTE B, A i o
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PR ENFEMA YRR, HAERAMARSERSE /At RIEL, TIERN YD, L RE
BRI, AR A R B SE TR NN SR AT . K AE TR R B v OGS AEL

BOREAT T BB B 1nsTHRE B 5 X6 JLE THIBk MO, A XAk ayiE & AR
S RRBR—A S REOEEN, XEHTY REEABRW TR ER, REBCEN
R HL BB AR,

Bk SOG A LB R R SRR, SXREAR IR AT U B BB A, Bk B A KB
ge7r 5—20kHz JEE MM HEHi%E (free-running frequency) TFTEEFH: 10ns i) & 6 6 Jk
M, BERAN 10m], XHPOLHERT RS BESHABMNEH PR XE -, BEME M
R ok b 0 e 1 YO0 R Y 4 D RS T LA BRI Bk v L IR Y D, (GRS AR B 15 SRR A Y e T S
B BN 100s)

BP0 5 WG 2T A A K N 699, 2nm By 3—5ms K IEehkah, ZERIGH B,
WL 2—4 RO TR P RBM 26ns KAIBkop, HABRLADy 1—107, SRk v a] L)
FNE ivs XA 1ms fy—2% At FLIARIE, I THRANLZB DL HE RIER M
Bkb, BOLRBSEHTHERK, FASKTLU QFFX, W, MHRAEBAFKIH & & FH
K, B EAEER—BAEEHE S8 1 KKK,

KNG « Yagior 38 o] Ll 7e s R A50H 24800 FZEE E & 532 nm [ 10ns Bk,
LUK H & SO A A R R A AWM Uk ], BEMTH 10—50Hz WL E R
Wk EWIo R, XBREMTETAHTALETARESN., 54 AR LR LK,
Nd * Yag¥ o628 Rk vh SR B30 i T ROE M B T 1S FUAME, X S BOst THUY, Bt
R MBARISRAE 4D 1,

SRR A TRRBRNERT YRR, FANRKAMESRNER, AUHRtH
AR, NMEERETHFERS TR RESEH BE £ 2 It (Kawahashi & Hosoi
1989) . XX TRBAMMWTHEMA HH. Vogel & Lauterborn (1988) F Y el B
EBEMATREER, YHEEETRIFETLUEE, Binnington et al (1983) BELHEHF
i 10mW ) He-Ne 30628, Bt W TiO, 15—40pm (5 B0 T HOG BN B4 5 8k v 3
FIH T ASAL1600[E K.

A BEBILWIK B 3% 5 BATHL, 530 B B EHLAE 5K JLE J7 Wik & R 54
Bl, ATLUSRI B WAL, FRERRRERER G300, HAATLIELGEIE 80000 By
HEBRRAN, PEEREREZREIEERHEBRBERI, EIRWRBERRLS, EHiL
A BE R E TR ISR RS 8] 4 9 Wi 3 i £k

2.3.2 ERMHE RASBRZEANIEXJETERSHE, FREBRBEKR T Y
BB FI 4500 X 500453, MR 2048 X 2048 MR ER T BB B AP ROEH G, HEE
e %, FHILRE, 5078, BRRRERBLNSEE, A, —WisErRgEX
3004k K 35mm FAE AR BIEKR, BE4 10500x 7500 M8 2, M~ 100mm X 125mm (1)
R AEH30000x 37500 FE, RIVEERED, HXTIHRERRBERI, XAMMKSHE
SUEERSHRBEEIEFABERGEI, X, BREEEATESBRENHEE
ERERGREHE, MHERERUERT RS FREEENRIYE, BPAGEAEE
PR, ROAWSIP R TRINE, 5, RS BREKRERDIES, TR TEREE

0405'



HH — A AT RR R AL S B A M TR R, SRS A SR, T2 BT, P
Ve T RGBT IR BB O AR 1S A R R A .

Hith 2 B RN FRAFEEI S S (photorefractive crystals) (Collicott & Hesselink
1987) FI#IBIK R (thermoplastic films) , F FJLABGHLRBUR T MRS EKICRU B4
Bk, ROET AT 3 LB, XA KT WL,

2.4 BTEHNGHHE

LB W) B R RE B T AT AE 3 — B ) R B P AT R AR A B A X SR B s R T- A B Ax
M, AR N, BE—4 1 EBFMEHICR, BIF AX =MAx= 2iult, DR

ol o2 72,
ut T R T pg 20
Ao? FRAE THRMEGREBE RS TE,

HTEENTE DI NBREMEL L NELSE RNEERE, BB Az X
WER., WHRZBREBLERSE R, HE, WEBTEIREY, RE At 6 ERT
BRUMEM AR T R R AR, WELNABRERARDETHELME., S5 A H N E
R, BLRAEA RN RT BB B iR R R R AQHE RAT WA 82 5 LR RGP 5 R
A B2 R AN/ s e AR RGP s TR SR T B A, TR WS LB A R
%, REEMREL, ATHERMNBNER . URKSBRETFBRIENGE B &
MVut £t 8t, B Az HITRENR S 4.+ MV u® +0® ST A IR KERIEK, B

Op,=c(d, + MV u* +v*81) @n
AL ARTE VR M R AR T 60, AbE R XREmEN, BRIEmshEE RN A,
Adrian (19862) B&#8i, B ZiTeiRE, WEERNRTEHRELE T TR
EIERE (uncertainty principle) , EJl
O AL = CUyyud s 22)

P AZpax = e A RFERBE W RSB RIATEHE, &l OEFT RN B A H RN
BIRHE. MTHEN tuo TUERNER . MEHBLMEZENAH S (Hek
R FBUNBEME, T mBE/N,

3 (RIg®ERT R »EE

3.1 & =

EEBEERBRERT, SOARNRTHHETFFHEMEN (V<D |, XMEETL
RTINS RS, RERECR OB TE R | Ax|® R R TR HFR
Td Az [AM?, SXPEBBREE SN, EX|Ax| BHMT Az fi/Sd /M, BEEERE=A
FEMEX, H, SR NARPELENRIGEE LS, BinEs—Rimg b, ANE
B HTRENE R EERE, X— K0 TR TEEEEE, IR K
HE5RAOBEMPTREL: 52, RER—ARSPESHBERED, T—RTERR
BBEPHBEREN exp(-ND~Nyy 83, BTHNE, WTWHBEHMNREZETLRY
PLBEARTH, AR ERP SRR T Z AV EER0.55C 4, WE—thH P
BIGEIIRBEN B (4C0Az,) "' 255,

AGRAHEMHREBERERTENTERNEREURRHERWALE, WHEK
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{2 28800 Fr ok R A AT IR BE L (grav levels) WIHEJTEMH R R E, REEHER

MRS SR R R R T B 3 pr—
S6 77 P b IR AEHE SORBSE. T LB o TN
F—ATHRER, FHRNREYRDE N

%) B4 (full-scale value) (“H HFH
WEhIE MY O Rk WA T M &
KKEMEHFERN BE T E S Hr KRG K

1?)‘ 1 “
i 1 NE

Contours of pathlines

IR BESR T R TR I R O B, AT AR ,@ﬁé% %
B-AKERBH., SREKEIHEHR % (//f/ f
HMRFEST 1 TPARMBAEINTC, o ppee amtigzste, © 2Rt
A AR A, KRR 2 T o
GW, NS REBLRE, W8 el
AW T MR T-hk £ (particle-streak) / .,\,‘“'
WM PR W & R, W Dimotakis et et

al (1981), Hesselink (1988), Perkins & 3':' Rl

Hunt (1989), Adamczyk & Rimai (1988) werettt

F1 Kobayashi et al (1985) R T & Ry M8 STRAMMFHG. LR, 18 MR TREREE
Py FE#k[Kobayashi & Yoshitake (1985) ALK #1;
B, RSN Pratt (1978) , THE, AR BH— T & 5L

3.2 Wik [Kobayashi et al (1985) E &)

A R, g (%) TEREOER () HERTHRE (o) FRBEA
BAEAEKKNE R At shxIER RER TR B R RN (H7, B8) ., BEWLE
BEBANKEKDHER, RERERERZHRMEOBE., XREBBR2ER M RTH T
Yo {BRAE 3 i, EMEHIR M T3 ARE I mH kRS, HK B R A R
1.

B LLE I % R — S0 Tk 2R R T M o AT R B MR, ol U WL T R4 O v 1 L
AEEGW., EEMRRY, ALFABBRE TR, FEABER—RAEAFEE W S HK
Bl. MERTFUTEEN Az, — |w| At iR H, MR8, XBw REIMEE,
FHBW MR H TS M. '

F (wht) ={ “I%'Z‘OA“L’ - ‘“"AKA“"*} 23
0, JwiAt> Az,

SEM 9, MBAERZ ¢ MEBLV , FRASEET, IR FRNR G, 0400 K
BARMBTEN V. b, BARTRERTLEM, MRLERZ ¢ RAERTE T % 4 B
Vie=| uedst, e+ M) MERBABAY, Brld, BARTRERH. TR, BEE

B IABEE. AEARBRKRRBERY ~
' Prob{ " HBET M BIM |u} = Fexp(~-CV,) « exp(~CV;,) 240
MBARBEEREER, AR TEROERNE., WIHEHEDFEFHERMELRKES S

04070



K/ MRIAX] /M, BB
V(R 2K

(25

A z .
Vin=(1+|uA)Iz t)V:_ ﬂ-}ni&z-z—o* (26>

B9 EHE V hHBSRTFIEE— TR AENREEE, VA BERY (+ At BEBV  ERER, B4
FREBEANV BB HEE, THE, LR [Cenedese & Paglialunga (1989) g %]
1 ke 2 KW

5 RO AR_LAKR T S B LU R BT AR SR B 5 BT
CAz,Foexp[-C(V, +V ;)]

ElﬁAiEﬂHﬁﬁi{E, ] R R R

Cope= (Vi +Vi)™! Q@n
s B AE A LK R MR K HE R
NQ‘,,:e‘lAZOFO(V"*'V“)-l (28)

XTI BRI R BAR T A REN R TR ARE LN MFSEE. TR Q) —
(26) B, WBKBRE Az, Mlwde| TRYTNBAD, XBETHHECH B & Bk
MUK AP BE 4 BB BN (BB A FEKE SEE, SEdEXMATERRRT 2
B3 MERTE, —BOREL, HEUBMERMBAERLREY V.. B/NTTHRE, Xa]
LLE () W/MRIOERR, () WMARERKER (© WA WEETER, & E R
MO, WIUBERNYEGE 1, FHSERETXR, BRERBTEERERE ST LA W
., BLL, BERERRMETDEES, FHXEAXH—-LEEHRLERTHTFEE
BT EZ M RXHARM D, WEENB/MEBR PR £, HLguEEE L% RS RRE
XA FT R/,

RBEE, DBV AV BN SBRREEE,  IRA AR DG, T LR
BHRHEETRARRNSR, AW, KRS HKR BN EERRGEREER, R UERD
RPBLT ST IR, XM IRAMEBE TR AREART50—100um MBF, XXT MK

2408 «



RIEFRAANBEN, A3 TRHENHENAZLEE,

WRIBGRNEE L~ NEEN, JLFEEMR TS, EXAEX L, BRITkE
WFRERME. BN TERRREEKBRBREH—A0F. WFEE 9 M ERTREIEFRER
B, ZRBkep AT LUEE AR B BK R, LR MERNEER. TR, ZRMERBEMN
TR FREEDITBHILEE, REATERFREERDMIER, EBHBER
BIARKNKE. LHR, ZRNEREFHTEREBMKEKEXBE/D, ATREKES
AR,

BH, BA—RVICEA — o RIBE A5 0 B o 4R 2 Bk e A8 BT LLA 5 B4 8 12 3 i 5 1)
(Agui & Jiménez 1987, Adamczyk & Rimai 1988) , B —SuhNATHHFBEEREZE
BB AANRNRSER, BRREEEHES, CRRAMAE - M ATHRLONALE,
BHBE— KRS SRS, MEN R TFREMKERTRFEARBAX MM T
B, WFRRATT SR SR, MRS TR AR 1 A R E R
(out-ot -plane bias effect) BEW/P. —4 n KERI —4n' <nFEBKEHRALEXH
IR WM At, NTEKEE F.(wAt)

MREIR R IR M BOCASSRINGAT, T TG 58 B 4R b B — A~ S Bk o T 15 2 155 Bk v SR B,
XREKMA T RE RN EE RS R RIEFEN A BEEAR. LREEETUEERZSAKR, B
M, FIABDRET, AURAEKRNESOEEEE. 28N EERAXMITL, W
Jo S BRIGT SOR AN, B R SLmS RILL R A A Bk o B AR RAR K UL B/, R
T BR THIBHRSIM/ERORTF, BRIEREERBOIERS, PmARY R E
(SIT) MBI BHL.

102 4 Bkob B9S2 AR BVLLL B 0.1—0.5mm B Z5 0073 3 i 7K 7 i 5h v A

T e e ——

o

B 10 A S RkM MR E B R T AR I3 5 B A B MK M 755 [Utami & Ueno (1984) MAKH]
BERRY (Utami & Ueno 1984; #AB W Utami & Ueno 1987) , XS6% RSl T3k
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FER B BRI TRERIE R AT —BHESEERTRE N H L BN R R ®
€. 7 Khalighi (1989) , Agui & Jiménez (1987) , Braun et al (1989) LIK Wills &
Deardorff (1974) 35 7 e th WY 3R B S0 / 4o ik o s 7 R 460 0 5o s 1o by — e 451 -,

Landreth et al (1988) WBFT0 T KGR H B BRE R T B S0BT/ DUk sb B 7 1% 1% 3 2
%, AWK ETELITHITHERBIES A, XER K KR X 5 o0 H #, Adrian
(1986b) #H—FMERBRABRTHAICETBEH TR SERE. 51 RAS 2 KBXEZ
MR ERGFIA— B A R R AENRYE, AXMAE, SUBRRIEMN, MEKR
RAEDBEINMEBAL, RUTESHAORTFO®E, BATLOBERESEHER & kW

(Landreth et al 1988) , & IS YEH WMk fEHBIE 1 48 ¥ 53085 2 A pkap e,
F PSRRI RT T RO DO B S AR IR B 1Y e R (Landreth & Adrian 1588) . H J X #b
BAR LS 2) He g T R4, '

AICG 5 RN T SR M BT M M T A AT AT IR SE, BT IR BE S K TR T
fi#, BIUARNTRAEBBFIEHGOERMMEL. Landreth ev al (1988) ANy, MWH
—AMHERES 2 /MR, WX 2 MR TR—ARTF. MiERAN 1mm?, K55 E R 0.5
i, RAFEE 2 MEERBNETHENKRSY 0.1 HERBEHRIBE, ENBRERNBHEE
H20% KB, FHAROMEME, XLFARRGEEARLEERER. BE—fTEER
MRBAR EARTRETYERGHILELER, R, Landreth et al MIFXFHBEEK
BB R A5 20008 MR ST S K & 4.

FH—ARMAFER TR BIEMI: (nearest neighbor approach) , WAFEEEG—R T
BRE G HEAE BRI, ERR PRI TBI MR, EBRSENGERISE 2 MK
MR, FTES 2 RBANENEEEXMER PR R F.(wA), Ll erl 2 E B K
N Dz, FFRVut+ ot At AR PEA HAB T BRI & ¢ + A¢ i 27E [ —Ehl 4
B RGBT RREE, BEMM Poisson 4347, WX MERFALIERNY

Prob {4y u BOEAPHMBRES 2 MRIME)
=F,(wAt)expl - (2-0,53F,)CAz n(u? +v2)At?] 29
HT A ERAEE, XATRLFXFG T HRERERTY, SROEFHRIER
WMARETERMESR LR HE R XK,

RMNTUER, WEAKEGERGER, FXFHERED—AERES KBER TR
il Ar OTIRRBIRE, SAESMMERE Az M—A/NKISHE, TR A LR Viut+ot At
W/ T PIRIEEE (4CAz) V2, MAMBERIFHE A RREERERSE, B IBH
FHREOERBIM/AD, Landreth et a1(1988) HyEICH i fiPickering & Halliwell(1984)
FriR e ph e 7 v, WBRIMB/NT 0.5mm BGNT 15um, EHRELRE K B E KN
0.4—1%.

3.3 ZHiHE o . ,

B RS UL AMERY T, O EERPFE SIS EES BN - K BHEE
BT IS A MRRR k. Ukh RE Bk rp KRR AR, ERXEITEP, BB E E MR
WLz EEE At 5EAEEMEZRMER T, Tk, HiFAR At qLUR 48 & E f
BRI ZS WSS PR RERE, T T WIT LA iy 3 o 0 ook 160 R 17 480 5 0 080 37 8 19 2 e i 4,
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Khalighi (1989) il T X Py -—sa Pl S48, BRIV 3B Gwirl) Mk
B, bR Rk n R A R R VL S b

2o W/ 3 ik e 7 1 S R R R 45 W O 5 50 R S B R R AT R . R T B
AT OFREBLEINGESITN, KRBT 6B TREESEmMIT5ERIIZE, ON
FA Bl KR R, @B A MESELHEN (Perkins & Hunt 1989) . XFITIEH
EEGHRELT, At BNSHIERET T RETREME T, WRH, FILBIMATIERE
AH 30Hz MMM AR BEUR, BAXARMERME AT R TREN &, DRIA 2K
BABBE L mm, MPFARFHEKERERERE 30mm/s, MR, WLUSNHETREN & B
Hl, EBRGEEFERAN, XEEHEVLREE2MNCERGH T,

BT BT RE R TR R
SRR, SRRIVATEAN ot e e

AMAAE X ERRUBGTRREY, B
ZERETREX—NAIT—PKREY
£ f7 P:. Frieden & Zoltani A R
(1989) R T —FBIEBH 77 o woee S
3, Perkins & Hunt (1989) LIJ% o N
Uemura et al (1989) HRT—# 7 o
HElfLEE, XEFERATSEA
X BARNEHX, WARRADN -~
HERHGE T P AN (PO)

MBS T REEH MR TRERA
TBT ) 10—40s, Perkins & HUNt  jm 41 s/ spiomio st Rg e sRERS BB BIE FE 7 KL T 90
(1989) I FIVF £ Wi 25 R B IS 35 [Perkins & Hunt (1989) HA4141]

ZHH S P Lagrange Bk, fAIXTRBRR T — AR TFEHHLRATRTHE 11,
f I R TR A4 IR EK N 1—2% . Guezennec & Kiritsis (1989) #RT — /4R E
W AR, KRR b — S RO S, RETUERAME B 1
B RS RRERISE 2 Pl L, B RER - REAR M RED, HHEBRERA L
NBEBMBESHREL, EANBHEFEBRDNT S 2 MTHEEEL T AT,

3 BARRE N T B BN L BUCR kB, RERFIENH A6 g
HoRFEMIHELL L AR A B, Chang et al (1984) #HiR T ATHMIBE AL 100 4 B T
ARG ERCARR AR, &I Nishino et al (1989) WM EZH ] 10Hz B N{H7E
FKEIZE BRI — 2 280um BTG 3 N EMME BT T A3 A0, FrREERAR B H5cm x
SemX 5cm, fUfIAEES MIRIDRASB EA6004MRH 100 MR E, F— VAR B RH
NEREZSKER, HEBAER—FER, HEXERNE d Murai et al (1980) R, %
BIRMAEIATEERE B EMWA, Racca & Dewey (1988) (f1FIH THEEARZNMR
B> 5 Kent & Eaton (1982) #il T4 3% T.1E.

EMFEE LY, 3 AEBRRSEBMITRERKNRE, TR ZEXERERRH
SH|EISHITE (5) f (7)1, Nishino et al (1989) I F By 8 T-B B X S0 B
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R, JEHEFFS RGBS PR,

3 HEARBUP AR R A BT LR 4 IR AR ISR R 18R], W2 BB NREERTE
EHFRE, HH, 2RBRFHRAENESSERAGRTBREL, XAMRTEELESETHIL
BREEH, NTRBTHE (Akbari & Bjelkhagen 1986),

Weinstein et al (1985) B&EH T HEL LSRN/ EEITR, MMAMH S F2kHz T
PR RO G 28 WO A% K o 400 mBE-F 3 B B 72 35 mm ) 15 3 B SEBE R A5 2601 BB R4
BHARIL. MR 2AEZRESREETUEREH 3 SR THME, £AEN BT
BFEREWLI MR, FEREEE XYZ 88 LB eeafes. UBiEiTe
B, BRERTH—WPRA-MBRE, BT, SXTREBGYSERA S,

Haussmann & Lauterborn (1980) DX % Zarschizkv & Lanterbern (1983) 27 H
THRESBEMBEARCRREI AR zaEmy, B8R TEPT70KER
B B RaR dUR,

4 WBEENTHRMRE

4.1 R =

0 15 5 R O 5 0 3 o kLT TR
ERXBRURBEG—ARABATHFEHE.
FEN o> IRBREET, E—MWRATR
BT FRIBER [l exp(- N D 4]
AR/, Lk, N>5—108B A
HREE B,

VRO A5 R L {0 T o s Y R R
A ERRRHT R R, UERERAZE
FIA R RMBE, BTRLFBAD, —BY
A 10—25pm, PLERFEHRN/DT JL XK
R, 3 EL XA AR/ 45 H M i T
B 12 JREEEEEH sum Al O4 TRIGEMT/ DI K. BME, AMOLBK 1um HALEK, B

SEHRBEERE ) ﬁiﬁiﬂqZSmmXSSmm@i, Z‘ﬂtﬁﬂ?ﬂ@ﬁﬁ

F7 A1 ) A5 7 100mm x 125mmiyf, (1275 H

BRI/ UK o e 40 B R o — AL

ZWRG AW AT RREEBUR K, BRI G LARRRIC R A& BUR T 9 A e
FERTRESI R AR, M, —Bi 100mm )5 A0 . 1968 A BT R 45 G KR IR L BB A
FH—BUPREGHMNE 1000m, XTREEBUBH—MBRRNESE. 5H—HEH, £R—
BB A L2 R H B R e B S BT R, HEHEMIERRERSHE N R M AE
*K, WAY LA,

BROETT AR ARk S AU LR B ko i, BRAEFE B, LUT IR X T Xk op i B
.

BREENEESRE, LSRR THE O SE RS KRBT RS A~ R,
HABRMGEERELUBEESRT, BALHEKEERRYXRERISTRN, AREINE
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HE W EMHEHRBRE P AT ARDEAL 1mmx Imm ¥ EEHE. B 13a3%K B BFJLP 4
B4 B IR 19 A, T
13d th [ 6] A K B K40 B BUE X
B, B 13g X ESWMRTRKER, 3
it R AR, 1 13) MR
WBHH—A 8, Bk A T
TR, B ) R R B
N =20,

HE T EERGEN, RITRAS
B 132 FRIORINE, {BEE 13d b
WA AKSE M. B 13z HoEE
W WIRE B SE S [ R, W
137 P 4R35 R I WO RO TR X R R IR
(. 56 0 50 ER A T B3 1 AL
Bk, KRR, W, RO TR
B AR B 1R,

BT %, EERE M
GOk, ©EREE B RRE S M
Tt PN ik 4 B4 o R B SR 2

I

B 13 JH256 %256 YREFIBFT B ImmX tmm ) {5]4

B, AR ROERR - EEWN ORI 8 4o g § AT b e b
%, EHEREAROTERT EHA k S5k ity Fourier TRMESE I o, f, |

[P [N . 153k B & 80| B 9 Fourier 28 32 19 A0 3¢ W &L
wE R, THEHREARRE B JL 7 [Landreth & Adrien (1989) B A% ]

.

4.2 #HFEHK

NP 4 BE7R, — KB 1 el R0 B — SR A T (X = X o) B R PR S — A 3 ) AOR IF
e, XE X RIZARAK L, HESRERTIARS .

IX) =1, (X=XD7(X) (30)
HP XV HBH BB BEBH % (intensity transmissivity) .

TNRAR R DR A B E AR B A b, 03 19 5 T DLE AR BT T 1 1 bR R
DIBIEFIR B TR T L PUBE, BB SRR ZANENZERBAK (B
PRI b BB A T i R A AR BR AL , BLIBRATE R A e R R e ),

4.2.1 HBEHME (direct autocorrelation) I(X) WEMXHTHARLH:

R -_-j X +5)dX 31
=], TOIX+54 3D

Kb s h 2 BMBRE, KISHHNE 3 BIURETE 1 BFRg—HF AN B , fEs=0

RAE—ANBRERKIGE R, EXNRTEMEHBRE, s STEYMBLF H2 4k

ff R+, BRONTESBIEN, SXNT LG SH 2 SR 2 RMAG, 2080 B0 i

KA Ro-, SXENTH 2 M8 555 L AR Z MG, BT BHICHME B
e 413 s



HHE T RAD RMA ORI YA, BAETHRE 100HX+s) R RN ENE
251 IR P,
BB SEAL S M T R R (TR T A TR L, Ty i
(R BB po+ MIERBBAE, WEBEALURE FHI4 R4 H.
B:=Rp+/MAL (32)
SR 2 A4 AT B T R T A A ATRIE MRS [ — 4 % 340 . % 3 W) (Adrian
1988) , 5 B3 S I L0 TR BE A VLI 980 e SR 0 PP AR BTy, B

Ry wy =[u(x,t)de /dex 33
/
P W R T HA RS BB \
W=1, ).+ ult)]  (Mx—X) o 1My MuAt—- XD a4H

XHLLy BT, 4 HURER T RS 2 MR, Wl u KBRS E—WEERE, HA/MR
(BN [35° F li.ﬁmﬁﬁ?%%ﬁ'ﬁ}#ﬂl/jﬁﬁlfﬂﬁmméﬁd?. G R RS B, W
BEMG (velocity bias) Jo%; MMIRZELL B X B A BEASILAR /D, B ISR 2 W4y P
WRER, B R R D,

1B AH SRR A 3R B il ) s o OB T - R RS B E IIE . XANEH 5 NV OIE L,
W/ BT A E S T B A ST A 2 RN E A, HR/NEE PRSI TR RN E
Y8 N TRAHE v BSwED, Fﬂiﬁfﬁﬁ_ﬂ“%%u BAHXKEHMER Keane &
Adrian 19380)

/2R, (0 F,(wAt)expl — 4| MuA¢t|*/(d]+dD)]
Kp F, ERWAKEIBR, BERBHEXREMNOEANRE, (EEE 7B Q9 AL
.1 E, KOEERANTESSENEE.

TSR MRFE WG o — AN T IE A B, W ERAESBOA MR ES%E, JFHK
H—RTEH MR, T EADALER BN, TUEREREHE (B, B ST B
H2Z S — A E R M E (detection threshold), HWLIBHIA s FERiAE—Xigig
FEEEE, BESHARBEN 3, ATHRERBLTHRYEN; SUERNTLE
BERARERPROERNEE, RAEEGHRNSEPEXENRENS - RES5 HMHE &
%Eﬂﬁﬂﬁﬁ, FHERE ARERIE 488 P L ¥ (Landreht & Adrian 1989), Hb[d
w, %2, E3INBANBREEETURY, BEEMNETXFESHSSE-RNEE,

MM BEERE D, HERENEK, MBHXEERESEREMED, 3EHBREHE
B, BRATFRX P EH R R EME (velocity bias) . FE{RARE BORLT LA H
b, ERMMFFANHEE, ARREERNTRENEED, HERBAKNME, HHEE
IR IFEAHBWMR R, RERENGEMNPOEEB RBA, T&, X3 N BRMRMHE
i 1AX]/dy B/, BB BHESECE LA T 100%,

BAEHHMRKEOEEBL Keane & Adrian 1990) EB], MUk BHRBA KM
A LU 2 T S A 48T R,

N >10—20
Vul £ 0t A< (1/4)d /M

o414



wAt<(1/4) Az,

jAu]/lu}<0.2
R (AU T R AR T B A B B A AR (L, WL T RS, R TREAS
P ] H90—95 % YA i &,  HARMIRZR /D, '

FIEES R A BBk, HTLABI R HI K BE XS BB B e 42 i AL BB oK 1 i B
i, BEN AT REEMETETMRAETD 04 ek Bgt, S/™EsEN 4N,
BI—A B, 75 s=Mulg QbR 3N 1 A 1 G, 76 2Mult bEER2N
HSS 2 W0, 7E 3Muls JhWEEEy N RS SM{l. XPF 3N AT, FIMRERR A 153
R XU MR KB RIS . I8 4 BReb B Ad g5/ 2/3, JFACTIRBUR T REE W A
MMEERS, W 1 HAREEEASBR, 7 ugE R E—u,

4.2.2 BEEBHMY: {direch cross correlation) 53k B ) AU TE 142 5 51 AL
SFR A, WL FE--A N N Ee R 1 RS A RRH S 2 R AR 2 R mE
HAAE B, T IER BT Landreth et al (1988) R, NEFES 2 gk
ST FRE 2 MRENFREOBRERERNE. RIEXFEHHE LR AR, WEHEE L
R, APMEREBL, RERBESRENDRREI T NMHH, FERERS 2 145, £
D, HUETE S B AV A MR AT LI — IR NS 2 A6, ATHERAE 2 EHX
¥4y, W Lec ct al (1989) Fisk. 7EMH 1 AMMRIETF 55 2 A9 50 P A KK R
M AR, T A 2 B A R BE R, e U T ¥ 7 2R AT B B AR,

4.2.3 Young [RKL (Young's fringes) T E5RE BT E#E, A Young K
ST MM EAREE, WE 4 W TERFR, B—S8x%E AR AREEET 2
# Fourier AF¥k, B BHMIERE LA Fourier BHMMRE, MRBEERA 2—1
K, FNZAEEBERRE-NEER, WBGX 6B KR A0R 5 6 K s B0
Fourier ZF#t (Goodman 1968) . M L, BNMEEESKFENER, 2BRHEH N S
BREEMB /M EERO VR, -G E - EEA R PEYE, XEFEHTEE
BEAETHARZENMBRER Young KAL, HTROMERTGHE, PELZLKITH
R BE R ALY, FrUIX &L ERENAANEEER, BRAHRMVELRNRIFHER
WAEE BN KL, XEALMEYRE, ATER -4 5RBWER,

B 13b i 4% S0 R 5T RIBEIR X 7 A — A RO B Y, 7EIE 13e 57, KRR G042
NI SR BEME K SRR T, 13h v i T BB BE 5 AR 4 S B BE S T 4 8 2 4% Br AR
B, £/ 13k, HTRNFERBEEBEKLUEBENANE.

XMELGARAEHBEENRAmMEE, 2B R T AL 1IEHE R (B W Meynart
1983c, Kaufman et al 1980, Ineichen ct al 1980, Lourenco & Krothapalli 1988), X
WHEBRT 1 B, sUEEE THRISTHE, NELMEESERBNE 2 4 Young
RASERES R 1 45, 1 EFEFI LI Fourier 28# ek # M 48 80 HOR M H T LL 4347
—MAEX 1 RRENBAEREPBEREE T X 1 4 Fourier A8¥MiBM 1 4 4
(Collicott & Hesselink 1986) . _

S3¥i Young FGARBU R AI M T B R S BORE Y i 1Y) 2 4k Fourier A5, X FAs e oy i
BRI, EXFEIET, HRBEEIE Young KALH A L, REHIEV X #H5
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Yo RGP 1T B Fourier B (FFT)) Adrian 1986a, Huntley 1986a). 8] BT k2%
ERER, FTIHETE, SRR Fourier % TRIHEITMA Fourier 48 R IR
W) Fourier 2B H A B I 2 AW Fourier 288k, HIESBUEM, RBRY Fourier 75
% T 4% Pourier ZBRMBR, HERDIFZIR, STHEABGHREY %2 B, I Keane &
Adrian (1990) Fifgiify, X5HMSRGHEREGSTENRLA, TR Young KELEAE
B Fourier ZF Wl LI F A B B3R M 407 2 4% B EOH R M — 8 77 B 40T, BEHIR &8
BBERIRE Fourier B AENBHBE A TAH D HHREME, EXMAKMMLBIRE,
B — Mo e,

Young RALUITHEMRRET, BT LM Fourier ZZBATH 7468 5 1Y 4 3 1Y
B, XE—BRKKTY, EAMEEBL L HE, MM, Landreth & Adcian (19900 P
BB RS RN — & Numerix 432 BEFIALEAN, L) 5C e REBEB1T, £ 190ms W5
BT 256 < 256 ¥ Fourier BHHHE, ARXTHFE D, HBEHFHXITE 0 X} 256 x 256
B LR - RATFUR U ERF LR R LR D E BB Fourier 8, HHEFIDE
MRITTHRRYF, R/EFIAX RS R LR B RE Fourler AR, FinLBEK
4B R AR RIFERN, SAWEAFRFNSREN 0.45s, HERE, FIH Young K
LREPRBERTEE 1 IRRE Fourier 2B, 44N AR Ert M B 0.3s,

HERBMEAET, RHLBETUARTFHR LR, GFGESKIMR, MERL,
PA B W s B KD

Huntley (1989) WA T Young FGLLUAMHTHI TS 4 Fh k. 2 4k Fourier 75 ¥, 24
WalshZE$#t (Huntley 1986b) , 1 #4814 (Robinson 1983) , DAK 1 4EH M 5% (Meynart
1983a) , &M, 24 Fourier B MM RE R/,

Malyak & Thompson (1984) ¥k T Asta4 BB A BB Young R &L —Fi ik,

4.2.4 REMK —AHIEAAR 2 AR B BTN e G 5 Fourier 28 HORR
BMHABFRE Fourier B#EH., H@AEPHAS (generic optical correlator) HiM
FILEASHBR: —A B EDESAIREE Fourier BMMBE., — MEREE F 77 1y
B, URHBEY T4 Fourier BHAME 2 HEH (2N Goodman 1968) , 7E FKLCTMELL
B, WREH S Young REKARGEHRE, HENEBEEEAUNRESH -1 HEREL,
WAEHEBEHEBET N RBESRURERELNHETE, E3NEBESME Fourier Z#
TBR—A K2, HERSHARERER, B RRBEIOREE RGN ERERY
16, X8 BoE 2 5 50 OB ¥ W R R AR O,

WA NKME, HTFREEHXPERENSREBR—~4HTH, HEBSH14
Fourier ZB¥GHB Y RIEW, I Young KRALKERKMBERIEL, XLUESHE
Young 4403 FA TR ML MB R TIED, FidxE— 1 0R S8 8miE—ERh
BREKBB T, Armold & Hinsch (1988) ABAGMAERRT X4 SR, MR
R RB R TORTE B B MR A, X R AT LR B 1T H 5.

BREAEREE (BSO) ZRMYEHist & #& (photo-refractive crystals) ff # LI 37 8f &
AL RICFIREEY, BT X W LLES SRS b & B 35 5k 75 Bk, Coupland &
Halliwell (1988) #id T —4F %, PR —BHNSE RN BETILRTE A 1L
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