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Abstract 

In this study, we investigate light diffraction from a circular phase step, which is a circular aperture created in 

a transparent plate. The distribution of the scattered light amplitude in a plane at an arbitrary distance is derived, 

and the change of the diffracted intensity profile with respect to propagation distance is investigated. The 

difference between this type of diffraction and the diffraction of light from an aperture in an opaque plate is 

also described. One of the important aspects of this problem is its relevance to particle sizing methods based on 

laser diffraction, which assume that particles are light-absorbing disks, while transparent particles have not yet 

been investigated. Furthermore, in optical imaging systems, Rayleigh's criterion is defined by using the results 

of light diffraction from absorbent bodies to determine the resolution limit. However, as far as we know, no 

study has been done to check the case of microscopic transparent bodies. 
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�)/��  +
�  \�T3��  �/  	  +C�	  $��6q  ��c(3  ��  .:���1  ���

9�   �>  ��:-� ��83  ;?� �� .�8�1  ��c(3  ��2    ���8�1

  l8�  O8Q  ��  �81  K�)�  ��)�  ��  X:�  Y)��1

633nm   �)/��  � �>  +
�  =/   �+�  �� \�P�  

50R m     �>  Sw�`�  	     +
W�>  ��

5z cm  9�  �:��0��?1  .��(*�  ;?�  ��  Uq�	2 

�:�A  X	�T3 +1 	�   �  K�)�  ��  ���8�1  ./�  +*  $��  ��

�)/����   �81 K�)� �� .���� �:* +2TW =/ �� �:� ���/�
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1 	�  ��  �)/��C�	 =/ �� �:� ���/� ���    \�P� �� ��)�3


W�> �� 	 )��)��z  
C ����?/�   ��)C ^)Q 7*)� �� X:�

+-
k  	  ���� 
C  ��  u��C  ��  �:P�  .�	�  ����   X:�

9,�k �� :1��� �)��* ����� X:� ��7*)�;?� �� +*2  


C \�T3���  +� $'�1 �7*)� X:�k
-�    )��* O	� .�	�

  .$��  

  
-!�2.  �a:$��� 	 �:���)� X:� ^)Q :    K�)� ��)� �:���)� X:� Y)��1

  l8�  O8Q  ��  �81633nm     +
W�>  ��5z cm  1 	�   � �  

�)/��C�	 =/ ��) ���  +� (S�T� $63  \�P�50R m     �> Sw�`� 	

  . 

;��*  9��)�  ��)�
�   �  �81  K�)�  )3�  �)/��  � �>  �/  ��

1 	�� �)/��C�	 =/ �� ���  9��)� �� 9�,�k �:��� �S�T�

9�  \�P� +* ��(*R   )��)� $��[50 m �> Sw�`� � 

 )��)� $��[  
W�> 	 :��� ��/����  z  9� )��Z3 ������  .

;?�3    ��  $,�k  ./�  ��)�  ��  �:���)�  X:�  Y)��1

+
W�>���z  9� ��01 m
�6�+� .:��9� �:/� 9�8`  �8�

  ;W�8> @��3 �� +*z     �5   �3 )����1��30    \�T3�� �)����1��


C�    )��*  9'1�_ X:� +
C  	�  +�  $'�1  �X:� �7*)�

� ./� 	 $�� z1 	�  � K�)� +* $�� )�� ./� :/�  �)/�� ��

  ��C�	�  1 	�   �  �81  K�)�  ��  9����  93	�T3  S�T�� 

�)/��C�	 �� ���  +� .���� �81  i��_9� +��0� �8Q  ��83

�)/�� ��_ =/  � ()/853 �/) �81 K�)� $>)< +���1  ��

(��  =/ �� +* .�	� =a8*�    K�)� �� ���� ��)C �)�3

(��  �� +* S�T� ��_ =/ )/853 �/ �81�    �8` S�)Q�

 �>  Sw�`�  j->    )��  ./�  .����  X	�T3  u���   �  �����

9�3  :1�83M�:�A  )�[  =�?T3  :k  m/)P3  	  .��P3  ��  ��

  Y)1 .�(]�� .:��� +���� S�T� )�� 	 S�T� 7/� @��_�

  �/�7>�  ��  K�)�  ^)Q  �:�  .I�)K�)�  ^)Q  K)��<


W�>�  z( 1 	�  � K�)� ��)� �8*L� ��:-�  � )��* ������ 

C�	 �� �:� ���/��    �81 i��_+� .$��  =�* �� O�r� �8Q

O8�)>1 	�  � �81 K�)� ��)� d/�� ����  �)/��  �� +* ��

i��*=����  9���  ���[2]   9�  �:1�8_8�  +���1  ��83

��
�  �7�,  �81  K�)�  ��  +*  $>)<- +1 	�  =/   �  �8f1

�)/�� \�P�  ��  ��50 m    h)C  )VCAiry  
W�>  ��� 

20z cm    )��)�3mm  9�;?� �� +* 9,�k �� :���3  �

-
k  ��(I��  ��  �7*)�  .�	�20z cm    �  )��*1  

 +560�  � )B/� 9?/ )��* 9<:���)� ./� .$�� )���
��

� �> +1 	�  � K�)� ���    �:� ���/� +1 	� �� u��C ��

  .$�� i��_ +C�	 �� 

 

;?�3.   X:� Y)��1 )��Z3  (�:� ���(I�)   �)/�� +1 	� =/  � �:���)� �� ��

C�	�  
W�>  9�/�:3  �/�7>�  ��  S�T��    (K�)�)��0�1�z  l8�  O8Q  . �81

633 nm    �>  Sw�`�  �    )��)�  +1 	�  \�P�  	

50R m 9�:���. 

�1��2  �3�45
���6  

   ��)�  ��8� %  9��B0/�� %  j��	�  +� $��  �:�%  �� 

�6�  ���  �:(a   +
�  �)/����  �	�  +0��   +�`��  :�   .
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��)�  $`��  ./�  +
����  � �>  �)/�� ��   �   K	�  

9<��8`)3  +0��  ��  :���  =/�8
>	�:��  ���T���  :�  .�� 

./�  K	�  �:���   =/  )VC�  �����  =a8*   �  .�>����   i	�  

�:�  �	�  +0��  ��)C  ����  9��8�  ../�  �)VC  ��   )/   

�8?�	)?��  ��:��  .�	�  �:��0�  	  �	)/��  ���8  �% 

9��)�  9���)<  ..�(]��   �:1��  ./�  +?,  �)/�� ��  ��   ��  

�/�-��  )/853  �%  ��  )/853  ������  �7
>  ��  )VC  100 

)��	)?��  �� �:1�  9��/)�<  .���  +0��  ��  ��  :��� 

 =/�8
>	�:��  ��)C  ����   	   :(/%)>  9<��8`  +0��  ��   ��  

X:�  }��(�  @��1�  9�����  . $A)�   9<��8`   +0��  

j�83  :���   =/�8
>	�:��   ��  �w'C  ��   ��*   �)B/�  

� �:1��)�<  ��8�1�/�  ../�  $A)�  +��(_  +0��  � ����  

O8
2� 	  $c
� :��� 9B��� ���� 	  ��)� +0��9/��  +*  

��  ��B0/�� %  ��  +���*  ��)�  9�:18�  � $A)�   9<��8`  

 j�8��  ��  ����   �	:k  22  +_��  u8��
�  � �	:k  

5.5 /nm s  9�:���  ../:�   }�3)3  ��  ��c(3  X:�  ���  

9<��8`  �\�T3��  
��  � �> h  	  ��  +���1  Sw�`�   �>  

��  9���83  +���86,�  ��c(3  �)*  ../:(a  
��  � �>   m
�6�  

��  \�P���  	  Sw�`�  ��� �>  X	�T��  +�`��  	   9��)�  

:�.  ��  ;?�4  9/��1   �  ���:�a  +���*  +�>�  ��   9��)�  

K�)�  �81  �7�,   �  +
�  � �>  �)/����  ��  ��01  �����/�  .�81 

�7�,  ��
�-�8f1  ��  O8Q  l8�  663nm  	�  � ���T��� �� �

  9181�* ;W�8> ��)9�:A5    	30   =/ 	 ()����1��  

  +1 	�+�  )VC  20  )��	)?��  �+� �:1��  2  )����1��  .I�   	  

� �8�   9/�~> )�
�> 	  �:�   	  )�  +
�  � �>  �)/�� ��   ���/�  

�:�  �	�  0���  UV��  +��8Q  ��8�A  �	)>  9�:/%   	  

^)Q  K�)�  ;W�k  ���   �  ��0�1�  ��  
W�>�z   j�83  

.���	�  ccd  s1)?3  PixeLINK PL-E952MG  $'[  

9���)< .  

  

 

-!�4.  � �> +
�  � �7/� �81 K�)� 9��)� ��)� 9?���� ���:�a �)/����  

��  ;?�5  Y)��1  X:�  �:���)�)���(I�  �:�  ( $'[   �:�  

��  +
W�>10cm   �  =/  +
�  � �>  ��  \�P�  85 m  	 

Sw�`�  �>  1.38 ≃ �� ��01 �����/�. 

 

;?�5.  �)/��  � �>  +
�  =/   �  �:���)�  X:�  Y)��1+�  ��  \�P�

85R m     �>  Sw�`�  	1.38 ≃   +
W�>  ��  +*

10z cm    j�83ccd    )�7*)�  .�	� h)C  )VC  $�� �:� $'[


W�>�  )��)� (7*)� O8k X:� +(��* 	� .��300 m  .$��  

+�?1��  +*  ������  ;?�5  9���83  +��%  �����  �8�1   ./�  

 $��  +*  )VC  h)C  .�	�  �7*)�)
W�>�  .��  	�   +(��*  

X:�  ��  	�  S)Q  7*)�  ^)Q  K�)�  ()��)�  300 m 

9�:���  .��  ���  ^)Q  K�)�  x8�)�  +�./�  +
�  �)/����  �� 

=�*  j��	�  �6�  �)c1  � �:1��  )VC  h)C  .�	�   �7*)�  

��  ^)Q  K�)�  )��)�290 m +� $��  9�:/%  +*  ��   ��:-�  

9�)�3  ���< ��  �����  9�8`  ����  .��  ;?�6  � ������8�1  

9�)�3  	  �)c1  ��)�  ./�  ��8�  )�  �	�  ��  ���)3  �:� :1�  

	  ��(a+*  �:/�  9��8�  .��  ���8�1  9�)�3  	   ���8�1  

 ;W�k   �  X�'��2�  �6�  ���  �e��V3  9�8`   �8_	  ����  .

+��
/	  �:��0�  9��8�  +*  ��   )�  	�  ���8�1  �
C�  X:� 
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�7*)�  � $'�1   +�  +(�0�����  9'1�_  �8`  \�T3��   �)��*  

����  	  )VC  +-
k  .�	�  �7*)�  ��  )�  	�   $,�k   ���?/  

 $�� . 

 

;?�6.  �)c1  	  9�)�3  ������8�1   1  K�)�  � �>  +
�   �  �7�,  �8�)/�� ��

+�  \�P�85R m  
W�>  ���  10z cm     �>  Sw�`�  .   ��'/)-3  

 )��)�1.38  9� .:���  

�����8Q   +*  ��   	�  ���8�1  ;?�6  �:/�  9���8�  9
A ���  

e��V3 i8` ���� d/��1 X�'��2� 	 �/�� %���  X�8W  

�+�>)<  ��W856�   �  ��2,  ��?�  +
C���  X:�  9Pq8�  	 

\�T3��  +
C  �7*)�  ��  u��C  ��  � �:1�  	�  +
C  X:�  &C�	   ��  

	�  �8�  7*)�  ^)Q  ��  ;?�6�  e��V3  .��  d/��1  9�)�3   	  

93�'��2�  ��  :k  �:/�O%   $��1   +*  ��)�  ./�  )��  9
/v�   ��  

9���83 �� )c1  $>)<  � +
�_ :m,�- �� 9<:�  )� +
� 

� �>  ��  9Q  :(/%)>  9<��8`  	  @:A  ���/�  +',���  7�3   ��  

 )�  �+
�  ./�  )��   }'�  9��8�  K�)�  +�X�8W  +(�I�   	  

e��V�  ��  ���  g)>  93�'��2�  Y�   �:�:1  i-  @:A  

���	%)�  �:�  ���   x)�  9�`�8(?/  X:�  �81  ��	)>   )�  

+
�   � �>   +*  ��  X�'��2�   g)>  �:�   $��  . �  ��1%   +*  

Y)��1  X:�  �81  ��7�,  �< �9�  �$��  9�k  ��   �  .I�  	 

� �8�  ��)*  �81  ���  X:�   $`�8(?/   ;W�k  9�1��)<  .

.�(]��  ��  �)���*  +1 	�  �)/����  20�)��	)?��   ��)�  

�/v��  �9/�~>  X:�  �81   +�  � �:1�  ���/   �*  �:�  	 

X�)[�  7/81  9V�2�):(1��   ����81  9��1   �  i�3 ��   ���  

+���8`�1  	   )B/�  ����81  �k�7�  ��  j�2�  ��B0/�� %  (...

+�  +���*  �:�  91�/��1  ^)Q  K�)�  9�:(���1�  	  �-  ��8� 

@8�  +*  9�:1�83  @:A  ���-3  �:��0�  �:�  ��  ^)Q ���  

 $'[  �:�  ��  �3  �:k  U�q83  :��  9�`�8(?/�1  9,���k� 

:(/%)>  9<��8`  ��   )�   +
�  � �>  �)/�� ��   $��   +*  

9�:1�83  +�   $��[  ��8'1  ��:-�  Sw�`�   �>  :���(��  	  X -  

@:A  e-23  +/	�    �	)>  )TW  +_��  ��)�  �83)�  �81   +*  

9�:1�83  ��  @:A  ���-3   ̂ )Q���  K�)�  9�I�  +����  :��� .  

��)�
A  ./�  �X�?1  �����8Q  +*  ��  ;?�6  �:/�  9� ��8�  

	�  +560�  �I�  ���9(��  �:�  j�83  X�'��2�  ��   9(P/  

1(  �8_	   ���8B,�  ��3  ��  K�)�   �  +
����   � �>  �)/�� ��  

	 i(��?�� )��* ��8� X:� �7*)�  �� u��C  ��  +
C ���  

X:�  �9'1�_  ��  ;?�6  +� 9�8`  �:/�  9�:18�  +*   ���  

=/  � ./� 	� 9<
/	 ��  &_)�7  K��7< �:01:1�.   

 +�  @ v�)/��  +1 	�  =/  ��)�  +*  $��  )*�  .���  ��  ��

�� +* \�P�  +C�	��    �)/� h)C )VC ��8� ���/� i��_

Airy    )��)�900 m  +�9� $�� +� +* :/%  ��/8< 9�8`

 .$�� K�)� \81 	� ./� .�� Sw�`�  

+� �)B/� � �> +
� �)�0�� 9��)� ��)��)/�� ;?�  �� ��

  \�P�70   ��'/)-3   �>  Sw�`�  	  )��	)?��    )��)�

1.41 ≃  .���`�� (���T��� ��8� �7�, l8� O8Q �� )

+� .�>����  � �� �> +
� ./� $`�� ��  ���T��� i�-1 ��8(A

+� +0�� 9<��8  ̀:(/%)> 	  X:�10   e�C� O8
2� �� +-�C�

;?�  ��  .$>)/L�  @��1�  =/�8
>	�:��  :���  �:�7  

� �)c1 	 9�)�3 �:���)� X:� Y)��1 ������8�1  ��)� �

�)/�� � �> +
� ./�+
W�> �� ��  m
�6� ���z  ���	%  .�/�

9� �:��0�  93�'��2� 	 9�)�3 ������8�1  .�� +*  �8�

+560� .�(]��  .$��  ��)C)�  9�8` �����  e��V3 9/��

+� �� 9
*9� ;/� ��)Cm,� :�8�1 l��(��� ��83-    +�/�-� ��
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  9�)�3)�����8�1 ./��� ;k  � +]1% �� (93�'��2� 	M +,

1 	�   �  K�)��  �)/��i��_  UV��  +C�	  ��  ��[2]   

+�9� $��9� �:/%  K)��< $A)� +* $>)< +���1 ��83

1 	�   �  �81  K�)�  ^)Q�   � �>  
W�>  ���  K�)�    �����

��'/)-3))3:(*  
1

3
    X��� � �:1�  ��(� ��)�  �L,  .$�� (

9�1  S�T�  7/�O8�)>   �  ��83  ��  d/��  K�)�  ���

i��* i .�)� �)I� =���� ���-    +1 	�  � K�)� Sw`)�

�)/��  +1 	�  �  K�)�  ��  �i��_ +C�	 ��  �:� ���/�  ��

 ^)Q 7*)� �� $�� .?�� X:� +(�0�� �� �> �� �)/��

 .:�:1 Y� K�)� 

 

-!�7.   �)c1 	 9�)�3 ������8�1    (� �> +1 	�)� �> +
�  � �7�, �81 K�)�

�)/��+� ��  \�P�70R m  +
W�> �����z     �> Sw�`� .m
�6� 
 ��'/)-3    )��)�1.41  9�:��� +V-1 ������8�1 .  9�)�3 +���1 +� x8�)� .�a

9�.:(���  

��
% ��
9�  

   �)/�� +1 	� =/  � �81 K�)� $,�k +,�-� ./� ��  �/ ��

�)/�� � �> +
�  S�T� UV�� +C�	 =/ �	� �:� ���/� ��

O8�)> 	 9��)�'��2� ��)� 9
* ����    �:���)� �81 X:�

+� $��  �� 9�)�3 9��)� ��)� .�(]�� .$�� �:�%M �+,

+
��)/��  � �>  ���  �	�  )3  9<��8`  K	�  j�83  ��

@8�
� �7�, �81 K�)� ^)Q 	 +�`�� +0��-  ./�  � �8f1

+
� �)c1 	 93�'��2� d/��1 �� 	 $'[ m
�6� ;W�8> �� ��

  �����  e��V3  �)c1  	  9�)�3  d/��1  .��  .:/�)<  +�/�-�

9� �:��0� 9�8`�)<9� +,�-� ./� d/��1  � .� +���1 ��83

1 	�  � �81 K�)� �� u��C �� +* $>)<�    �� �:� ���/�

C�	�   �/�7>� �� K�)� ^)Q K)��< $A)� ��81 i��_

��'/)-3))3:(*  �����  � �>  +1 	�   �  +
W�>  
1

3
    	  $��  (

 �:1�  ��(�  ��)��   9�1  S�T�  7/�  X���  �  ��83

O8�)>i��*  ��  d/��  K�)�  ����)�  �)I�  =����  ���  .

+�  .�(]��9�  )c1 +��1  @��_�  =�?T3  :k  ��)�  :��

��B���  j�83  S�T�����)�)/853  ���   9T/)P3  +�   ��1

� :k �� X	�T������ �8_	 9
/ .  
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