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Abstract The Kirchhoff diffraction theory is applied to the four-pinhole aperture diffraction screen, so that the
intensity, the zero contour of the real and imaginary parts of complex amplitude and the phase distribution in deep
Fresnel diffraction region are simulated, and it is found that the bright spots in diffraction field show central
symmetric distribution. When the observation plane closes to the diffraction screen, the zero-value points of light
intensity can form line segment, on which the eccentricities of the light intensity isoline are close or equal to 1, and
the intensity changes very fast on both sides of the zero line of light intensity. The zero contours of the real and
imaginary parts of complex amplitude are closed curves. The number of intersection points of the zero contour is
even, and positive and negative singularities are equal. Not only the phase around special phase singularities appears
symmetric distribution, but also the topological charges of special phase singularities equals zero. With the
propagation of the optical wave, the line segment of zero-value intensity changes to be shorter and shorter, finally to
be a point.

Key words physical optics; imaging systems; coherence optics; diffraction

OCIS codes 260.1960; 110.2960; 030.16170; 050.1970

3 "

AL A0 5P 0 S 0RO 0 5 B i s e FRORET BT PR M R IE R AE

Vol. 32, No. 9
September, 2012

A5 1) 338 39 T D 2 97T AL R SR A A e

— L [ I R 2 S BOE 5 A8 12 s 9 AL AN B 5E 19 B
G OGN L B 58 48 12 i MR 3 0 sy *Hh#ﬁ
2R LA S R R BT M 1) 1 6 A5 DT A 67 7 S
SRR R *Hleﬁl%%*ﬁmﬁﬁm?ﬁﬂﬁ

iR EH: 2012-03-20; WEIMERLFR A 2012-05-03
ESTH: HE AR EES (10974122) %W IR,

UTJLAF K T 0 2 3 e FL A7 8 L 1 1
(EE 0 AR AT X Ot 27 i T Y BIF T % BT
I (1R PR R = & s AR = ch ) e
753 U X A EOR IR 56 AE LA ok

EER/IAT: X & A976—) WL AT AR I, 2 SEEE WO BRSSO 2 R 37 06 2 55 5 T B AT 5

E-mail: liuman76(@ yahoo. com. cn

0926001-1



2 i

FWE CAE OB T AE B N B i A
Simpson &) F i 2 8 E 52 8L T xR i ¥ 30
B AR IR X A BARFR ot T et R Ot
B A7 A AR R AR . A, Sl 2 i e T i1
RN TN DR (SR TTE | € N ke 8 M R B e Y LB
—ROB TR T RRC A2 R )Tz
F4 L FH S5 AT 0 2 48 4% AR 2R Dl o T e 19 7 A
718 R 78 A A A0 A R B — S T AR
TR 2 T T LA R R Ol 2 U T i
R A PSR A B T AR L A 0y P ISR A e A

Z FLAR AT A B TE BN 't 37 104 e B A — ML e 114
KUH S5 - 1) FRFLAR 7 A B R 25 A8 B e~ T e - 2) £L
5 FLRIRT A A 3 1 A /NS R R R R D8
SERE . DU LA AT R R T 2 FLAR B B . AR 3
0T DY B AL AR AT S B A R TR R O B 48t
SR RHAAL AT 9 b S AR W B S R R B A 2k Y 2y
fii I FEARTSE T OGN (L p At e A K 2
AR LAN B AL TE B0 4 R AR L 35 57 5 A9 5 1
ST I SR R AL B AL 8 4 A O 58 S (2K Y

2 A5k

P15 T I (B LA A S 5 T R A8 SR 6 3 1
AN L E B AT bR GU KA LB IE 5 T8 $ He R
A YA /N B L B LA 3 55 43 A (8] LAY 2 42
K/ BAE—A/INBAL Y B G #RAEF T 20 v 7Y
A bl b B B AR BR S O 1Y R 25 ERAH 55 ULEE TH
xy AT ARG B ITAE R T 20 o - = AT S5 UL
ST 22 18] (4 B A B 60, 2 B P A7 D6 IE A 5
HETTE o W 25 0 B0 B, BT S 5 o S 1 T8 A 5O
W EARME U, (05 30) KRN

Uy(xosy0) = explikn— Dh(xo,y,) ], (D)
R g s yo) ATES BRI R BE o n D AT 5 5 10 47 55F

BIL pu I LA A R R B AT S e s

Fig. 1 Geometry of four-pinhole aperture diffraction

screen and interference field
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Fig. 2 Intensity distribution patterns produced by the four-pinhole aperture with (a) 2=5.0 pm; (b) £=10.0 pm;
(¢) ®=20.0 pm; (d) 2=30.0 pm; () 2=40.0 pm; () 2=50.0 pm; (g) 2=100.0 pm; (h) 2=200.0 pm
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3 um FEAH LR K T 1Y ) 5 4 AR R Ere Bt e FJE A 4 A4 Fl I 1 e se BE A 4 4>
X 2Ce) o 677 T B B AT ROR AP 4Gy ARTHTEARTISERE. B 4 (OB 4 G e B RO 5
s, A AT LE ey B 3.0 TS B Y R O6 R o A L K R

— a.u. = — a.u. 1
10 107 - P (> Y mEL i o
] ) -
e /A ‘ 6
0] | o
~ ot e
Eaof- e o
< —1.U7 i - - =
~S A SN 1.50 :
20] . T, . -
N \ 0.75
/ / N\ / ‘ -
- B0 2 - |l
30 -20 -1.0 0 10 30 -20 -1.0 0 10
2 /um

2 /um
B4 REsemamE. (FE 2 BETIERMCKE; (b) mAREMmER N 3.0 B E ;
(o) 52 (b) Hh SR (8 345 3k BT 48 10 B 1Y = 48 S 58 43 i 18]
Fig. 4 Detailed local intensity distribution patterns. (a) Magnified white square area for fig. 2(¢); (b) magnified area for

fig. 2(c) when the maximum light intensity is 3. 0; (¢) three-dimensional images corresponding to the zero-line in (b)

0926001-4



RUN-

DU L AR AT S5 7 3 35 T2 I DB R 23 A1 e A M

LR SE AR . B A(h) iR (A LR BRI 55 T R
T T A 2 R YR AR R I il e B DR
2. T IS RE I SR ON R (L A ) DB 1 43 AT
L A 4 () v BB 55 3k BT 48 67 55 BT (9 O s {8 ]
=4 EUR SR TR AnE AR . WE 4RI RIEH
O3 {2 VA 174 D' R (AR PR R B e (it R %
HEFE b LB T i —FE,

A o B 2 (D o 8 5 ] X3k A7 80K S
Kl 5Ca), M 5 AXEF i« Bl o XA 4 4K

T T AR 1 52 3 LA i #R4 ) S, I G T Hpts 52 46
FR A3 A o g R 40 14 TR T DR 5 B 2 ) P 7 Sk i s R
i X R F IR G A TR . 5 (b))t J2 b & 5 (a)
Hr KOGERAE R 3. 0 1M 45 51 (1 J5 38 6 50 4 A 1 .
Bl S5 Ca) F1 5 (h) B9 2 7R (1938 [ 58 2 A Al . A
Bl S(h) T LLE L iR B EH LA R AR 5 (o) 2
Bl 5 (h) i B0 5 Sk T 4 Ot 3 2 4k KL A B =
SR Ai 1 . L 5 Co) T3 RE AT A4S 3] A 4 (o)
—FEMZEE .

N

a(d)
g \ QoA -3
O i
\ Y. Y -
\ ~r” lﬂ@’f”‘&“ﬂ" L
> o~ o""ﬂ;‘mg.* :
4 < N i
/
-
- o’
40 -30 -20 -10 40 -80 -20 -10
2 /um X /um

K5 RpdeimaAmE, (OB 2D E @B XK E ;s (b BRI BIN 3.0 B KA ;
(o) B 4Ch) AP R AT Sk J 45 07 1 1) = 40l 56 oA 4]

Fig. 5 Detailed local intensity distribution patterns. (a) Magnified white square area for fig. 2(d); (b) magnified area for

fig. 2(d) when the maximum light intensity is 3. 0; (c) three-dimensional images corresponding to the zero-line in Fig. 4(b)
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Table 1 Eccentricities of intensity contour in Fig. 4(c¢)
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Table 2 Eccentricities of intensity contour in Fig. 5(c)
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Fig. 6 Phase distribution patterns on mini-circumferences around phase singularities. (a), (b), (¢), (d) and

(e) are special phase singularities, ({) is conventional phase singularity
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Fig. 7 Intensity and zero-contour distribution patterns, (a) and (b) are generated by one-pinhole;

(¢) and (d) are generated by two-pinhole, respectively
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