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1 Ú ó

� µ^ [1,2] ´�1|�¢ÜÚJÜ3�m

,�:Ó��"�, ��1|3T:�� Ø(½,

1|� �7XT:Ú^O\½~�, Ù���±

T:�¥%(//�	Ë��y�. Ñ�| [3] ´1

Å²L�Å0�½�ÅL¡Ñ��/¤��«

E,��Å1|, Ù¥�� µ^y�E´1|�

 ïÄ�9:�K. 3Ñ�ïÄ¥��òÑ�N©

�rÑ�NÚfÑ�N, rÑ�N´�L¡pÝ�

ÅåÏ�IO ��uì²1ÅÅ��Ñ�N, d

�Ñ�1Å�Ð©� þ!/©Ù3«m (−π, π)

þ [4]; ���fÑ�N. CÏ©z [5−7] ïÄ
rÑ

�N�)�Ñ�|¥�� µ^y�.

|^Z�{J�1|´d Takeda[8] Ú Bone[9]

�<k�JÑ�, T�{®2�A^uNõ+

� [10−12]. ©z [13] Ú [14] Q|^Z�{ïÄ


Ñ�N�� µ^�üz, ¦��¢�(JL²,

3�CÑ�N� �Ã� µ^�). �Ø©|^

Ñ�|�ë�1�Z�Eâ9Fp�C�{¤õ

¢y
fÑ�N�)��r�4�«Ñ�|�¢

�J�. uyÑ�NL¡þ�3� µ^�k�y

�. ,	�uy, �Ñ�ål�½�, fÑ�N1|

�� ©ÙA��Ñ�N�o÷Ý�CzCz;

éu,�(½�¬, � ©ÙA��Ñ�ål�C

zCz; �fÑ�N�o÷Ý���½§Ý�,

â�)� µ^y�; fÑ�N�)�� µ^¥

Øþ!�æG©ÙA�, ØÓurÑ�N�)��

þ!�� µ^©ÙA�; fÑ�N�)�� µ

^��Ý�Ñ�¶o÷Ý�O�O�, ��Ñ�

ål�O�O�. ©Ùé¢�(J�¤Ï�
½
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k�½��Ï.

2 �r�4�«Ñ�|Z�ã��¢

�P¹9Ñ�|�J�

·�|^�ÅÑ�1�²1ë�1Z���

Ñ�|�Z�ã�, ¢�C�Xã 1 ¤«. He-Ne

-1ì�)�Å�� 0.6328µm �� �1²©

1º BS1 �C�ü^1å, Ù¥�å²L�m�

�ÈÅì SPFÚO�ßº L1(f = 50mm) �/¤

²1ë�1å; ,�å²²¡º M2 ���R�

BL���un�B�£Ä²� (NMP) þ�f

Ñ�L¡�¬ S /¤Ñ�|. ·�|^��w

�Ôº (MO, 40×, ê��»� 0.7) Ú��àß

º L2(f = 50mm) é;�C�ÅL¡�Ñ�|?

1¤�, ¤�1å²©1º BS2 ��² M1 Ú BS2

����ë�1å�Z�, Z�ã�d Cascade-

1K .��Æ CCD (���ê 1004×1002,���

� 8µm×8µm) ?1P¹. C� A ��X�P~ì,

^uN!ë�11r�Ñ�11r��.

ã 1 æ8Ñ�|Z�ã��¢�C�

�
¼�fÑ�N3�r�4�«�Ñ�|,

Äk·���fÑ�N�¬. �
'�fÑ�N�

rÑ�N�)�1|�� 9� µ^A�, ·�

Ó����rÑ�N�¬. ·�æ^e¡��{

���¬. ^âÝ���%z7®" (ÙâÝ©O

� 3.5µm, 5µm, 7µm Ú 40µm) ï�o¬²�Àæ,

ï��^�Y�EÀW, �Øí33L¡�®",

,�^ Autoprobe CP.�fåw�º AFM ÿþÑ

�N�/m. ã 2 g��m©O´^âÝ� 3.5µm,

5 µm, 7 µm Ú 40 µm �%z7®"ï�Ñ�o�

Ñ�N� AFM ã�. ã 2 ¥�ãæ^Ó��ÝÚ

I. du��>�ã�L¡�åÏ��, ��Ùå

�, Tã¥O\
 0.9µm ��µpÝ. dã���

�Xï�®âÝO�, ï�Ñ�Ñ�L¡�åÏ�

5��. ¢�ÿþ¥×£��� 40 µm×40 µm, ¤

�:
� 256×256.3�¡�£ã¥{üå�·�

òo��¬�g¡��¬ 1, �¬ 2, �¬ 3 Ú�

¬ 4.

ã 2 o��¬� AFM ã�

�(½o��¬�ÚOëþ, ·�éz��

�¬�8�ØÓ«�?1ÿþ, ��8Ìã�. |

^�fåw�º�ã�?n^�O���zÌ

ã��þ� �o÷Ý w. $1 FORTRAN §S

��ØÓ�'m���pÝ - pÝ�'�, ,�

|^g��©/L¡�.�pÝ - pÝ�'¼

êµH(ρ) = 2w2{1 − exp[−(ρ/ξ)2α]}, 3 origin ã

�?n^�¥[Ü��zÌã��î��'�Ý ξ

Ú©/�ê α. ��ò8Ìã��n�ÚOëþ©

O¦²þ�������¬�n�ÚOëþ. ã 3

�Ñ
�¬ 1 �pÝ–pÝ�'¼ê�9Ù[Ü

�. L 1 �O����o��¬�n�ÚOëþ.

dL 1 ²w��µ�¬ 1, 2Ú 3 �þ� �o÷Ý

ÅìO��Ñ�u¢�¥¤^ He-Ne-1ì�Å
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� 0.6328µm, Ïdn��¬��fÑ�N. �¬ 4

�þ� �o÷Ý�u 0.6328µm, Ïd�rÑ�

N. �,L�Ñ�NA5�n�ëþ�±�¡�£

ãL¡�A5, �3�r��«Ú4�«, Ñ�N

î��'�Ý�±K�Ñ�|Ñ��â���, 

Ñ�N©/�êÌ�K�Ñ�|�©/�¹ [15],

�l�©�(J5w, 1|¥UÄÑy� Û:Ì

��ûuÑ�Nþ� �o÷Ý���. �d�©

±Ñ�Nþ� �o÷Ý5IP�ÅL¡¿ïÄ

Ù� µ^�5�.

ã 3 �¬ 1 �pÝ–pÝ�'¼ê�9Ù[Ü�

L 1 �¬ 1, 2, 3Ú 4 �n�A�ëþ

�¬ 1 �¬ 2 �¬ 3 �¬ 4

w/µm 0.058 0.265 0.368 0.707

ζ/µm 1.730 4.289 5.148 5.186

α 0.484 0.646 0.748 0.517

¢�¥, CCD Úw�¤�XÚ �ØÄ. �


O((½�¬¤�ß��Ô¡ �, ·��Ð1´

�k^x1R�ì��¬. dux1��Z5é�,

��¬� lÔ¡A����, ·�3>M¶4þ

²w���C��
. ÏLn�B�²�úú/÷

p�£Ä�¬��·�U
3>M¶4þ*	�

�¬��ß���.

(½Ô¡ ��, �^-1R�ì�fÑ�N,

d� CCD P¹�´Ñ�NL¡�Ñ�|. �÷\

�1����£ÄB�²�¦Ñ�NÅì�lw

�XÚ�, Ñ�N��Ñ�|�g²LÔ¡ �,

ù�|^w�XÚÚ CCD ·�¼�
�r�4�

«ØÓ �?��¡Ñ�|.

�
O�ÑTXÚ���Ç, ·�î�£Ä

B�²�þ�Ñ��¬. �r�¬î�£Ä 48

µm �, CCD P¹��£Ä
 1004���, =£

Ä
 8032µm. dd�±O�ÑXÚ����ê

� 167.3,¤±P¹�zÌÑ�ã3Ô¡þ���

� 48µm×47.9 µm.

ã 4(a) � � Ì � � ^ CCD P ¹ � Ñ � |

Z � ã � � Û Ü © Ù � ¹. � ¡ 1 | � � �

� 1200 µm×1200 µm, �Ý�?� 32. �±wÑ,

Ñ�|¥Z�^«A�²1©Ù, k
/�Ñy^

«©
y�, ·���ù
©
:?=´� µ^

� �. ã 4(b)� (a) ã�Fp�ªÌ. e¡·�l

nØþ{ü©Û|^Z�ã�J�Ñ�|ÚÑ�

|¢Ü�JÜ��n. b�Ñ�|Ú²1ë�1�

E�Ì©OP�

U (x, y) =A(x, y)exp[jϕ(x, y)]

=Ar(x, y)+ jAi(x, y), (1)

r(x, y) = exp[j2π(f0xx + f0yy)], (2)

Ù¥, Ar(x, y) Ú Ai(x, y) ©O�Ñ�|E�Ì�¢

ÜÚJÜ, ϕ(x, y) � U (x, y) �� , ±Ï� 2π, ·

�3�©¥½Â§������ −π-π. f0x Ú f0y

�ë�1��mªÇ, §����û½
Z�^

«���ÚÕ�. ¢�L§¥�±ÏLN!©1

º BS2 5UC f0x Ú f0y ���. Ñ�|�ë�1

�Z�|�rÝ©Ù�

I1(x, y) = |U (x, y) + r(x, y)|
2

= U (x, y)U∗(x, y) + r(x, y)r∗(x, y)

+U (x, y)r∗(x, y) + U∗(x, y)r(x, y), (3)

Ù¥ |· · · |
2

L«¦�²�, þI “*” L«¦E�Ý,

é§�Fp�C��

If(fx, fy)

= Bf(fx, fy) + Uf(fx, fy) ⊗ δ(fx + f0x, fy + f0y)

+U∗

f (fx, fy) ⊗ δ(fx − f0x, fy − f0y)

= Bf(fx, fy) + Uf(fx + f0x, fy + f0y)

+U∗

f (fx − f0x, fy − f0y), (4)

Ù¥, “⊗” L«¦òÈ, Bf(fx, fy) � (3) ª¥c

ü � ¢ ê � � F p � C �, = " ? ª Ì. é A

ã 4(b) � ¥ m � �,  Uf(fx + f0x, fy + f0y)

Ú U∗

f (fx − f0x, fy − f0y) © O ´ (3) ª ¥ � ü

�Eê��Fp�C�, =�K�?ªÌ, éA

ã 4(b) mýÚ�ý���. dã 4(b) ���K

�?ªÌé¡©Ù3"?ªÌüý, �©l�å

ld f0x Ú f0y ���û½. rã 4(b) ¥mý

�ªÌ Uf(fx + f0x, fy + f0y) ÷ f0x Ú f0y ��
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©O²£ f0x Ú f0y ��I�:?, KL�ªC

� Uf(fx, fy), é§�êâ?1_Fp�C�=�

��Ñ�|�E�Ì U (x, y), ?O�ÑÑ�|�

rÝ I(x, y) = |U (x, y)|2, d ϕ(x, y) = arg[U (x, y)]

�±¦ÑÑ�|�� ©Ù. ùÒ´|^Fp�C

�{J�Ñ�|��n.

ã 4 Ñ�|Z�ã9ÙFp�ªÌ (a) Ñ�|Z�ã; (b) Fp�ªÌ

3|^Fp�C��{J�Ñ�|�L§¥,

I�O((½ë�1��mªÇ. �mªÇ�ØO

(, ¬îK�J�Ñ�1|�� ©Ù. ·�û

�
1´¥ÃÑ�N��1|, =\�1|. ã 5

�J�Ñ�\�1|�� ©Ùã. �Ý���

��´l −π � π, �©l��Ý�?. �¡1|

���� 8000 µm×8000 µm. ã 5(a) J�L§¥

ë�1��mªÇ f0x = −0.016905 µm−1, f0y =

0.017235 µm−1. ã 5(b) J�L§¥ë�1��m

ªÇ f0x = −0.01695 µm−1, f0y = 0.017325 µm−1.

ÏL'�²w��, ë�1��mªÇ�ØO(,

îK�1|�� ©Ù. Ïd3|^Z�ã�J

�Ñ�|�L§¥, ·��ENÁë�1��m

ªÇ, ��J�Ñ�\�1|�� ©Ù�¥¡Å

��. ù´Ï��ë�1��mªÇN�ØO�,

¤¼�1|�� �U\þ3�mþ�5Cz�

Ð©Oþ, ¿¬¦� ©Ùã/¥yî�Øé

¡5, �,ùé� µ^�5�Ø¬�)K�, �

¬�©Û�5ØB. Ón, XJ\�1�� UC

�, éÑ�|�� �¬�)K�, Ñ�� µ

^��äkÛ�©ÙA5, 3\�1|�� �N

½3���mºÝþCz�, Ùé�r�4�«Ñ

�|� µ^�5�Ø¬k��K�. É¢�¤�

XÚ�K�, ã 5(b) Ø´n��¥¡Å�� ©Ù

ã, �·�E�dT� ã�Ñ\�1�¥¡Å�

(Ø.

ã 5 ë�1��mªÇØÓ��\�1|�� ©Ù (a) f0x = −0.016905 µm−1, f0y = 0.017235 µm−1; (b) f0x =

−0.01695 µm−1, f0y = 0.017325 µm−1

¢�¥�±^ü«�{��Ó��Ñ�|, �

«´|^c¡¤ã�Fp�C�{J�, �«´3

¢�¥ñ	4ë�1�^ CCD ��P¹. ã 6 �

Ñ
|^Fp�C��{J��(J. ã 6(a)��

�P¹�ë�1�Ñ�|Z���rÝ©Ùã. (b)

´d (a) ²Fp�C��{J�Ñ�Ñ�|1r©
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Ùã. (c) ´Ãë�1���P¹�� (a) éA�1

r©Ùã. �±wÑüÌã�²V©Ù�¹=�Ý

��é©Ù´���. ,	 (c) ¥�3�
D(&

ÒÚé'Ý���^«, ù
D(&ÒÌ�´ CCD

�>D(, ^«�U´du CCD �ÀæÑ\I

�é1Åõg��Úò�/¤�pªZ�^«, X

J2�Ä�xã��ÝIO�����ØÓ, ��

|^Fp�C�{J�Ñ5�Ñ�ã�¢���

P¹�(JÎÜ��~Ð, �²LügFp�C

�, k�LÈ
¢�êâ¥�D(. ,	���

´|^T�{·�J�Ñ
¢�¥Ñ�|�E�

Ì©Ù. ã6(d)Ú(e)©O´J�Ñ�(b)Ñ�|�¢

ÜÚJÜ. (f)´(b)Ñ�|�� ©Ùã. ã6¥1r

Ú¢JÜ��Ý�?�32,� ��Ý�?�8.

ã 6 Fp�C�{J��Ñ�| (a) ë�1�Ñ�|Z���rÝ©Ù; (b) Fp�C��{J�Ñ�Ñ�|

1r©Ù; (c) ��P¹�1r©Ù; (d) J�Ñ�Ñ�|�¢Ü; (e) J�Ñ�Ñ�|�JÜ; (f) � ©Ùã

3 fÑ�N�)��r�4�«Ñ�

|¥� �Ñ�No÷ÝÚÑ�å

l�üz

ã 7 �Ñ
ØÓ�¬L¡þ9�¬L¡�Ø

Óål?�Ñ�|�� ©Ù�Ýã. ã¥1|�

����Ñ� 8000 µm×8000 µm, � �����

l −π� π, �©l��Ý�?, ��«��� �

´ π/4, z^����L«m [−π,π] þ���� 

�. ÏL'�²wwÑµ1) �Ñ�ål�½�, f

Ñ�N1|�� �ÅåÏ�Ñ�No÷Ý�O

�C��5�ì�. 2) 1|�� �ÅåÏ�Ñ�

ål�O�C��5�ì�.

Äk, ·�±Ñ�ål z = 0 µm ��~5©

Û�Ñ�ål�½�fÑ�N1|�� ©ÙA

��Ñ�N�o÷Ý�Cz. Xã 7 ¤«, �fÑ

�N�o÷Ýé��, ~X�¬ 1, ÙÑ�1|�

� ©Ù�ÃÑ�¶�1|�� ©Ù���q,

´'�k5Æ�¥¡Å©Ù, � ��ÅåÏ�²

�. �¬ 2 '�¬ 1 �� �ÅåÏC��ì�
,

�E�wÑÃÑ�¶�� ©Ù��VÓ+, Ù�

 �3 −0.75 rad—0.75 rad��S�� ©Ù��

�2, ±Ù��µ, Ñy
�êØ5K�¥¡fÅ

�� ©Ù. fÑ�N�¬ 3 �� åÏ'�ì�,

Ó�«m�� �þ!�©Ù3��1|¥. �

¬ 4 �� åÏ�ì�, Ó�«m�� 3��1

|¥�©Ù�þ!.
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ã 7 ØÓ�¬ØÓÑ�ål?�Ñ�|�� ©Ù

ã 8 �Ñ
ã 7 ¥ z = 0µm ���¬�� 

VÇ�ÝÚO. dã��, �¬ 1 ��¬ 2 �� 

VÇ�Ý©Ù�ÃÑ�¶��� VÇ�Ý©Ù

aq, �3� VÇ�Ý����, �X�¬o÷

ÝÅìO�, � VÇ�Ý����Åì~�, Ñ

�1|� �VÇ�Ý©ÙÅìC�'�þ!�

©Ù.

e¡·�©Û� ©Ù�o÷ÝCz��Ï.
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Ï~fÑ�N�Ñ�1|�w�E²¡Säk�

/pdÚO�Ã5£Ä���ð½�¥�Ú. �\

�1R�ì�fÑ�N�, 3fÑ�N��¡R�

\�1������*	¶, ·��Ù��3*	

¶þk��²��1:, Ù±�´¥Ë�G, l1

:���5�f�Ñ�1|. �Ñ�N�o÷Ý

�5���, *	¶þ�1:�5�f, ±��Ñ

�1|�5�r, �Ñ�1|����5��.

�*	¶¥1:éA�Ñ�1�����\�1

�����, ·�¡��Ñ�1��ß©þ, Ù{

Ü©�Ñ�©þ. �ß©þ�E²¡S�ð½¥

þ, Ñ�©þ�¤E²¡S�Ã5£Ä. fÑ�N

�Ñ�|´5gØÓÄ���ß©þ�Ñ�©þ

�pZ�U\�(J. duÑ�NL¡�pÝ�Å

©Ù, Ïd, 5gÑ�NØÓÄ����fÅ��

ÌÚ� 9DÂ��Ñ´�Å�. ÃÑ�¶��

1|ÃÑ�©þ, ÏdÃÑ�¶�1|�� ©Ù

´5K�¥¡Å©Ù. �fÑ�NL¡�o÷Ýé

��, Ñ�1¥��ß©þér, Ñ�©þéf, 5

g�Ñ�Ä��fÅ��ÌÚ� 9DÂ���

�O��, �3*	¡ålÑ�NéC�, é*

	¡þ?�:�1|k�z�´A����Ñ�

Ä�. �5g§���ß©þ�Ñ�©þ��Z

�U\�)¤�1|�� ���ß1©þ��

 �Oé�. Ïd�¬ 1 3 z = 0 µm ��� ©

Ù�ÃÑ�¶��� ©Ù���C, Xã 9 ¤

«. ã 9 �Ñ
 z = 0 µm ��¬ 1 �ÃÑ�¶�

�� ©Ù'�ã. ã¥� �����´l −π

� π, �© 16 ��Ý�?. ÉÑ�¶o÷Ý�K

�, �ÃÑ�¶�� ©ÙØÓ�´µ���C

�Ø5K, ��ü����mÑy
�uü���

� ����f�� �ÅåÏ. �XfÑ�NL

¡�o÷Ý�5��, Ñ�1¥���ß©þ�5

�f, Ñ�©þ�5�r, �5g�Ñ�Ä��

fÅ��ÌÚ� 9DÂ����O�5��, é

*	¡þ?�:�1|k�z�Ñ�Ä�ê8�

5�õ, Ïd*	¡þ1|�� �ÅåÏ�5

�ì�, Ó�«m�� 31|¥�©Ù�5�

þ!.

ã 8 z = 0µm ���¬�� VÇ�Ý©Ù

ã 9 '�\�1��¬ 1 �� ©Ù (a) ÃÑ�¶; (b) �¬ 1

lã 7 ¥·���wÑ, ��¬�½�, �Ñ

�ålO�, Ñ�1|�� �ÅåÏC��5�

ì�, Ó�«m�� 3��1|¥�©Ù�5

�þ!. Xã 7 ¥�¬ 1 �Ñ�ålO�, ���

C��5�Ø5K; l�¬ 2 �Ù��, Ñ�1|

¥�fÅ�Ñ�ålO�3*	¡�ÝK�»C

��5��, �Ñ�ål�u 40µm �, §���

Z�U\. �¬ 3 ��¬ 4 �Ñ�1|�Ñ�å

lO�, Ó�«m�� 3��1|¥�©Ù�5

�þ!. ã 10 �Ñ
�¬ 2 3ØÓÑ�ål?�

� VÇ�Ý©Ù. dã���Ñ�ålO\, �

 VÇ�Ý����¥Åì~�ª³. ù´Ï�
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�XÑ�ålO�, é*	¡þ?�:�1|k

�z�Ñ�Ä�ê8�5�õ, 5gØÓÑ�Ä

��Ñ�1�ÅU\, � �ÅåÏC��5�

ì�.

ã 10 �¬ 2 3ØÓÑ�ål?�� VÇ�Ý©Ù

4 fÑ�N�)��r�4�«Ñ�

|¥� µ^�Ñ�No÷ÝÚÑ

�ål�üz

·�25©ÛfÑ�N� µ^�©ÙA�.

ã 11 �Ñ
�ã 7 ��éA�ÃÚI�ÛÜ��

�©Ùã. ã¥1|����� 2000 µm×2000 µm,

lã 11 �wÑ, �¬ 1 �1|¥Ã� µ^, �

¬ 2, 3 Ú 4 �1|¥k� µ^, �Ò´`fÑ

�N�o÷Ý���½§Ý�â��)� µ^;

3 z = 0 µm �=3Ñ�NL¡þ�Ñ�1|¥�

3� µ^. ·���w��r�4�«��� 

�Ø��|@�¥�äG, ´¥Øþ!�æG

©Ù. 3�Ü©«�©Ù�éDÕ, � µ^��

êé�, Ñy�¡vk� µ^�y�. éuo÷

Ý���fÑ�N, Ñy
�þ���Ø��4Ü

�¢JÜ"���¤���, �o÷ÝO�, 4Ü

�¢JÜ"���¤����¡ÈÅìO�, êþ

��5�õ, �)�Ì)µ^��ê�5�õ. ,

	, éuo÷Ý���fÑ�N, �Ñ�ålO\,

¢JÜ"���¤����¡ÈÅìO�, Ì)µ

^��ê�5�õ. ã 12 �Ñ
�ã 7 ��éA

�¢JÜ"��©Ùã. Ù¥¢��¢Ü"��,

J��JÜ"��. L 2 ÚOÑ
ã 12 �ã¥�

 µ^�ê. lã 12 ±9L 2 �ÚO(J²w�

�µ1) �Ñ�ål�½�, �Ñ�N�o÷ÝO�,

¢JÜ"��C��5��8, � µ^�²þ�

ÝC��5��, � µ^�©ÙC��5�þ!.

2) éuo÷Ý���fÑ�N, 1|�¢JÜ"�

��Ñ�ål�O�C��5��8, � µ^�

²þ�ÝC��5��.

e¡·�©Û� µ^©ÙA��)��Ï.

·���, JÜ"��þ�:�� �� 0 ½ö π,

¢Ü"��þ�:�� �� π/2 ½ö 3π/2. �

Ñ�N�o÷Ýé��, Ñ�1|¥��ß©þé

r, Ñ�©þéf, é*	¡þ�:1|k�z�

Ñ�Ä��ê8é�, Ïd\�¥¡Å�¢JÜ"

��ÉÑ�fÅ�K�C��Ø5K, =3¢JÜ

"���mÑy
�u π/2 ��f�� �Åå

Ï. Ïd�¬ 1 �1|©Ù�ÃÑ�¶��', v

kÑy#�¢JÜ"��. �fÑ�N�o÷ÝO

��, Ñ�1¥��ß©þCf, Ñ�©þCr, é

*	¡þ�:1|k�z�Ñ�Ä��ê8O\,

5g�Ñ�Ä��fÅ��ÌÚ� 9DÂ��

��O�5��, ØÓÑ�Ä��1©þ��Z�

U\��1|� � 0, π, π/2 Ú 3π/2 �VÇC

�. 3�ß©þ�rÝE�uÑ�©þrÝ��¹

e, �¡«��� �ÅåÏE,'�²�, �O

«�� �ÅåÏì�, ÏdÑy��Ø��4Ü

�¢JÜ"���¤���, ����/¤�Ì

)µ^é�VÇ��, Ïd� µ^�²þ�Ý�

�. �fÑ�N�o÷Ý���, Ñ�1¥��ß

©þ�f, Ñ�©þ�r, � �ÅåÏì��«

��5�õ, 4Ü�¢JÜ"���¤����5

�õ, ¿��5��, ����/¤Ì)µ^é

�VÇ�5��, Ïd, � µ^�²þ�ÝC�

�5��. �fÑ�N�o÷Ý?�ÚO��, Ñ

�1¥��ß©þC�'Ñ�©þf, ¢JÜ"�

��¤�Nõ���p��Ø�©E, � µ^

�²þ�ÝC���. éuo÷Ý���fÑ�N,

�Ñ�ålO\é*	¡þ�:1|k�z�Ñ

�Ä��ê8O\, ØÓÑ�Ä��1©þ��Z

����VÇC�, Ïd¢JÜ"��C��5�

�, � µ^�²þ�ÝC��5��. �´éu

éf�Ñ�N, Ñ�ålO\�, �,é*	¡þ

�:1|k�z�Ñ�Ä��ê8O\, �´�ß

1©þr, �5g�Ñ�Ä��fÅ��ÌÚ�

 9DÂ����Oé�, Ïd, �ß©þ��Ñ

�fÅ��Z�U\�)¤�1¥þ���ß1

©þ��Oé�, �Ò´`Ñ�¶éf�, �Ñ�

ålO\�Ø¬k� µ^�).

I��Ñ�´, 3©z [13] Ú [14] �¢�(J

¥, �3�CÑ�N� �*ÿ�� µ^. 3�
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©�(J¥, 3.¡Úl.¡ 20µm, 40µm ?þ�

3� µ^. ¢Sþcöæ^�¡Ñ���.¡Ñ

�, �±ÊÏßº��¤�ßº, Ï~Ùê��»

��, ùJ±�Â�Ñ�1|�pª¤©. 3�

©.¡Ñ�ÿþ¥, ·�¦^�´ê��»� 0.7

�w�Ôº, �±�Â².¡Ñ��ý�Ü©Ñ�

1. ·�@�, �©�¢�(J�é5`�\��.

ã 11 �ã 7 éA�ÃÚI�ÛÜ���©Ù
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ã 12 ã 7 �ã�¢JÜ"��©Ù
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L 2 ØÓ�¬ØÓÑ�ål?�� µ^�ê

z = 0 µm z = 20 µm z = 40 µm

�¬ 1 0 0 0

�¬ 2 166 611 768

�¬ 3 293 681 688

�¬ 4 961 1233 1274

5 ( Ø

�©¢�ïÄ
fÑ�N3�r�4�«�

)�1|�� 9� µ^�Ñ�N�o÷ÝÚ

Ñ�ål�üz, ¿éÙ¤Ï�
½5)º. uy

�Ñ�ål�½�, �fÑ�No÷Ý�O�� 

�ÅåÏ�5�ì�, � ©Ù�5�þ!; éu

,�(½�fÑ�N, �Ñ�ål�O�, � �

ÅåÏ�5�ì�, � ©Ù�5�þ!; fÑ�

N�o÷Ýé��, Ø¬k� µ^�); Ñ�N

L¡þ�3� µ^; éuo÷Ý���fÑ�N,

Ñ�ål�½�, �fÑ�No÷ÝO�, � µ

^�²þ�ÝO�; éu,�(½�o÷Ý���

fÑ�N, �Ñ�ålO�� µ^�²þ�ÝÅ

ìC�. �©�ïÄéu@£fÑ�N�� 9�

 µ^�o÷ÝÚÑ�ål�üzäk�¿Â,

�éu?�Ú@£Ñ�|�Ñ�ål�üzk

�½��Ï.
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Experimental study of the evolution of phase vortices
in the speckle fields generated by weak scattering
screens in the extremely deep Fresnel diffraction
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Abstract

The amplitude of speckles which are in the extremely deep Fresnel diffraction region and generated by weak scattering screens is

extracted. It is found that when scattering distance is fixed, the property of phase distribution varies with weak scattering screen rough-

ness. For a weak scattering screen, the phase distribution property changes with scattering distance. The phase votex phenomenon does

not appear until the surface of weak scattering screen is rough enough. It is interesting that there are phase vortices onscattering screen

surface. The phase votex density will rise when scattering screen becomes rougher or scattering distance turns larger.Experimental

results are helpful to realize that the phase and the phase votex distribution property vary with roughness of weak scattering screen and

scattering distance which lies in the extremely deep Fresnel diffraction region. Moreover, the results contribute to the understanding of

the speckle field evolution with scattering distance.
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