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Fig.1 Diagram of bubble far-field interference
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Fig. 2 Diagram of measuring device
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Fig.3 Interferogram on the focal plane of camera
2.2.3 WHALEE 2a

2a,= 20y —2a, =197°18'00"—161°57'00"=
35°21'00"=35. 350° (3)

AP CLE K AR A1) Jid 5 1 £ 2
2.2.4 2a1 5 2a,

K2 200 N RE 3 Pl 22 M 2 CA 5N
B M &2 D) MKW AaHE /K7 m 5 B0 R A
ST 10 IR S 200 N B3 T d A M — N 20
KW 4 8UAE /K v 77 1) 5 06 R L 7 1) SR A
KA NN IGE S T7 ) R &R WK 4. B 3 b T4 4L
N N 24,
2.2.5 HCABABN S B 69 B E

H G AH B A ' Bl B Sk O s 5 — 4> CCD 1)
BB AHAS PR A WO S I F50R AE L ) ' Bl 5

JeR SL A, th Windows & 5 3 8 2% 19 g 48 & o
Photoshop 3 1 306 30 EL 6B K Al 5 15 3% 10 B
500 1373, SCH AR e Bl 18 3%

] Optical axis

¢/’~

External box
B4 KERIIEETmTEE
Fig. 4

2.2.6 HASMNEL SN A EE
3 M B LON N AR FE T 5l 643,
M—N %135 4 SO N RS AR 2275 4 1 975, Bh i
MOGHIE 2 1 373 2] 643 3L47 1 373—643="730 M4
F B, CCD # n) AH AR5 25 (0] #5240, 003 48 mm,
BASFHLAERE 48. 5 mm, 730 MR E B % T 730 X
0.003 48 mm=2. 54 mm,H f & 7%
¢ =arctan (2. 54 mm/48.5 mm) =2.998° (4)
[FJHE, 1373 2 1975 2647 1 975—1 373=602
% B, N 6020, 003 48 mm=2. 09 mm, ffi & %
¢, =arctan (2,09 mm/48.5 mm) =2.468° (5)

Internal box

Light direction inside and outside the box

2.2.7 HHF a5

2a,— ¢1 =35.350°—2. 998°=32. 352° (6)
a4 T e A

2a; =arcsin [ (n,/n ) sin (2a,—¢1) 7

ROPKIFTH R 0 4 1.333 3, F5FHE 0 N
1. 000 3 AN (T 1E
200 =23.670°;0, =11. 835°.

[ 2

2a,+ ¢, =35.350°+2. 468°=37. 818" (8)

2a, =arcsin [ (n,/n)sin (2a,+¢,) | 9
) FF 7] 15

20, =27.388%;a,=13. 694° (10)
2.2.8 HAARAE

¥ a,=11. 8350, =13. 694°,n, =1.333 3 5
n,=1.000 3 AR DO HEEIBER
2r=0.780 mm

3 itig

3.1 WEANBHITHITNE

MG — A A, T B A R, 2
Gk Z ARG AR B AR AT B BRI
A AN A AN [ 9 R e O AR AT B
LR 200 M 20, AL 20, AN P FER L,
A8 FH AR G T SRR 7 BRI A B b
3.2 HHBBEEEEENE

(1D



6 34 PR AR EARRIE Y T W N8I 1231

SECRH AL U8 B 15 b — M AN 25 1 AH 408 45 25 () B 55
PEANFR b, e ] 58 1 J7 ik e AT I R AR SR A
550 AT L BT AT R B W £E BE 550. 04 mm,
% F 3% AR BE 43 90 2 2,000 0 mm A1 3. 999 5 mm
(19 22 5%, BT A 2508 AH ML B K AE R 48, 5 mm, 1 3L 52
BRSFAEF iR 2 560 X1 920 AL TR i 55
CLE B S AT 6 S, iR B P R R, B
Windows & 14 31 %0 2% ¥ 4w %5 #5 5 Photoshop #] I
15 3 2 BRAR 2 BE P 6T I (9 45 3% 450, B 15 1) A 28R
FAFEN 0.003 48 mm.

3.3 BB SURGILEEE

TGN 1) 3 2 4% A5 T Re L T B WL f 1)
R . il B2 e 0 1T A0S A WL B DG B PE 2R 2 3R A HL
AR RS AH B A A A A T 0% B LA T
P25 O 9 B 28 1 S ) oK

DAHEREOCE Ha] Tahi#. | 3 Tk
SUAMNE 36 & — A 15, £5 PE AN AR 1) S Bl N ) [
BB AL o 5 o BZEMEBRBENHKX 2 IHE
JIT A% 45 FA BB A BAR D> R 71T AE KA B
KOG RECh 2. 4. AFGIEAE T X BLAE.

2) M8 FH [ 5 o't 2% A8 BE. 0 RT3 4% SR AE A
ENCF R LM R KO AR EREH
TER A Sy 224 i T KRR e E
IR A A5 P 3 rh 0 4k B0k He A B4 1 1R .

3) F DA B 05 B0 DG B AN AU N B B
SEAT WO ROX BN TR A, BRSO AR S B AT
(V)32 37+ 85 B A2 A B (00, I A 45 15 4% 9UA5 LAk
.

3.4 ERENERER—NMER

A RS e B — AR AR 1) AR AL
B SOGHIAE CCD L (R & 0 Z0URE HE 1) — /AM% %L T
B CCD 1 R — Bl v 42 U 45 25 11 L 2 T 70 e 1
AN 7 1) #4883 HE 270 0 e G B T L ISR T TR SR it
AA K T BE CCD 2 9 4 SR DG At 24 06 R 5 i 3k
b ot T G B CCD B, 45 48 1IE A7 AN [R]
G AT OGBSk Sk CCD B2 1i X
SR LT R R S £ CCD BTE i 2 65, X
A 00 18 THT AT LA B A O O B I B A AL 0 T B ALBE SR
b R BOE R St A B R B CCD -
B I 2 G BT A2 A A B O BRI R B R X Sl
IR € R NIE RS AT N IS B G BV ok N3
1] 5 AF AL 00 B0 ok S B, JBOSR 2k 19 A8 R Nk Ol Bl 4
. 2) AL F R B/ A BE R O B NV /N T B AR T A
AR A5 2 ) JENAH BILBE Sk 18 7515 IR 5K Ay

ARICFAHARR ZE ] FE 0. 003 48 mm, 8% kA
48. 5 mm ., H A5 AH A8 A5 35 (8] JE 0 AR HL & 7 1 AUk

YR 15" X B EE SR F O g/ A B dR R A N 55 T
BN T 157, B U B I R Uk B — MR R BT A
IYCAX F 0 250 AT I 1D A R R A R0 i s YR A
3.5 HokiRMIER

WO E 1~3 mW 1) SR OG5 8 B
3.6 NEBEEERLR

R R O IR DR R R EROR 2 [ B AT
SR O0F 2 1 0 () 5% ) 5 A 49 ol A8 R = g v A i
FEJIT 5 LN TR R 22 5 A0 F 7K A ISF 7 8 35 365 7K TR ' 2
AN AP P S IN IR % 22

1) (8] 57 407 5506 08 1 5 i AT O & i S
T2 R AR R IR JE 1R Bf AT 49 . S48 T3 5 AT i 4
LM T ) 5 e W A S (5 BE AT R A 5 R AL
ARIAD, R R A P T PAT WOG R B9 5 1m) B,
0 B R 378 2 G T M S B 5 ) 20° B, 36
FIoT EM RO A 10 0T, gk, 1,
F PR O AL OGN T A KT A LU .
M 2a KT 20705, A7 565 1) 52 Wi s,

2) M8 1 43 6 A B It 7 3 R R T g ON R
760X 5 AR A AR I I BUAR [R] L B
Rl HEFR P N 2 26 5 A5 S0 A2 10 0 o 7 32 A8 4y
A A O B AR 220 Ol 0. 85 %0, &
B HAS LI IR FROR i [ B A7 S AR AF A L B T a3 22 v
WALHE T B B AT S I 3 T 2 S W T N 2

3) 7K P BB R 06 5 AN B AT PE T 5L ON 1 1%
e KR P 5 R RO 2 AN B A M AT P AR
BT R A TAT BT S R A S KA 8 5 4
SN AN AT 3l I AR O S 6 W R R T BN P AR 3 B
PR T APAT BT 51N 10358 2 Ry fe KL Ja & 51NN
W22 5 A L a g

h kN BRI B W R TS AT BT SN R 22
TR il 7K A6 1R 2 H — B DU 8 ¥ L 3 B h) 3 B
17 PRk I B B E G FL 4220 mm, £E 168 mm.,
TFIENE T F LR 0. 103 mm., 21T B W) 5
XA B W I Bt H B v B B+ B LR
(PN B SR A8 L 35 38 V9 3R T AT P - ok
MR E A BRI AT WA A I 3R 1 B
IR 0,002 3°, I IEOE HRZR T K A8 3% 1 T
FUAN K AR IE KA BT 82X 20 em® [ THI B FL BE 2R 41
ANKTF0.002 3°BI AT, 28 4 5 8% 2% £ 51 N M
PR ZEA KT 0.23%.

A) IR 25 E DA b AR R 2 A
1.08% v M 1.1 %.

4 it

AR SCHR H —FOFT (0 B 2 O FLAR I R —



1232

T

L
7

[ 37 %

3y T VAT OGRS B 5E WA R
I, FEE 7 A T 0 B B R T3 4 40, AT S
A AR I A A S R 23 D AR AT B L H R i
FRALACE B Bt 0 T # I s & T Sk gLtk AT 48
S, 6F 7K AR A0 BT D £ A K W 4k AU AE B A
FLE & Bl ds CCD LA B AT ok 55 vk i M
PR M-N T30 4 80 B BOE R 22 18 78K i
KA 200 M 20, , W EARVHH AT HHE R B AR
2r. Hl—vHSEHL 5 B0 AH B 3% 59048 1) AH 50 1 7 A
A AT A R AT bR Ak B AR ) o ) oK
S HEAT 48 UE DU I OG 3 EEL m R
BEARTTER IR A 700 5 2 abh 78, A7 2 A
A P FRHE A3 21 8 H

5 ik

[1] LI Jianmin, YANG

Fu, WEI Jian-yu, et al. Far Field

Interferometric Analysis and Application of Bubble[]]. Acta
Optica Sinica ,2007,27(7):1031-1034.
ZHRR.ME.UEE,EF BN Ey TN HT]. 6
FAEAR,2007,27(7) :1031-1034,

[2] JI Yan-jun, MA Xiang, HE Jun-hua, et al/. The Influence of
Bubble on the Transmitting of Light in Wake [ ] ]. Acta
Photonica Sinica ,2004,33(5) :626-628.

ZIEAR , A TR AR S R TP AR A R s ], 6T
241, 2004,33(5) : 626-628.
[3] ZHANG Jian-sheng, LIU Jian-kang, JI Bang-jie, et al. Math-

[4]

[6]

[7]

[8]

physical model for the optical specialty of bubble filme in ship
wakes[ J]. Acta Photonica Sinica ,2002,31(8):1032-1036.

g A A 0 B, SR AL R IR U Ol A R e e R
[J). )67 % #,2002,31(8) :1032-1036.

WANG Jiang-an, JIANG Xing-zhou, MA Zhi-guo, et al. Study
on back light-scattering property of bubbles in ship wake[]].
Laser Technology ,2005,29(2) :205-218.

EVL 2SS Tya 4SRRIV S 1) 0 IO R
FEL)]. WOLHEA ,2005,29(2) :205-218.

XIE Jian-jun, LU Yang, PAN Qin-min, et al/. Holography
application in characterization of dynamic bubbles of Foam-DV
in cyclohexane/PDMS[ J . Chinese Journal of Lasers,2000,27
(2):159-164.

WA BB B, AR WO A BAE RN Ot /PDMS 4K Rl Y
B A% 7 T B R T LT DL R O . 2000, 27(2) :159-164,
ZHAO Xiao-fei, HE Jun-hua, WEI Ming-zhi, et al. A New
Method of Getting Wake Character Based Image Process
Technology[ J]. Acta Photonica Sinica ,2006,35(3) ;443-446.
BAE K TR A5 W AR — b R T AR AL PR R SRR U
e bk BT T ALY ] 6 TR . 2006.35(3) 1 443-446.

YE Shen-ghua. Laser application in measuring in precision
[M]. Beijing: Mechanical Industry Press,1980. 113-114.

I 7 A OB AE RS 2 UF i i 8 T b s AUBR Tk Y R
#£,1980. 113-114.

Y1 Ming. Optics[ M]. Beijing: Higher Education Press, 1999
116-117 .

S W1 G AE ML G5 w2 20 AL, 1999:116-117.

Measurement of Dynamic Bubble Diameter with Method of

Distant Field Interference
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Abstract: Dynamic bubble diameter is measured with distant field interference. When the bubble in a

transparent liquid passes through a parallel laser beam, the interference rings will be produced in the

distant field. A traditional spectrometer is transformed by means of a digital camera replacing a telescope

and connecting a computer so as to form a system to measure dynamic bubble diameter. By shooting the

interference rings and measuring their angular radii, the diameter of bubble is calculated. The relative

difference of measurement is 1. 1% and the diameter of single bubble beam or more can also be counted.

Key words: Measurement and metrology; Measurement of bubble diameter;Distant field inference; Dynamic

bubble

teaching.
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