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( 2011 c 12 � 12 FÂ�; 2012 c 1 � 9 FÂ�?Uv )

Bessel 1å�­ïA5éuâfõ�¡ö�äkAÏ¿Â. �â Hankel ÅnØ, ©Û
Ãû� Bessel 1å�
�)9­ï�n, XÚ/é¶þ�/æNÔ!�/æNÔÚl¶�/æNÔ?1
�[Øã. |^1Æ�O^
� ZEMAX é¶cI�) Bessel 1å²L�«æNÔ�­ïy�?1
XÚ��[�ý. éïá��ý�.?1
¢��y, ¢�(J��[�ýÎÜ�éÐ. (JL² ZEMAX ^��±é¶cI�) Bessel 1å�­ïA5?1
(¹�*�ï��ý, ��ý(Jäkép�O(5.

'�c: Ãû�1å, g­ï, Hankel ÅnØ, ZEMAX

PACS: 41.85.Ja, 42.15.−i, 42.25.−p

1 Ú ó

g 1987 c Durnin � [1,2] Ä g J Ñ Ã û
� Bessel 1å±5, ùa1åB±ÙÌ1�º�
�!Uþ8¥!��5Ð!1|©ÙØ�DÑå
l
Cz�A:áÚ
IS	�ï<
�2�'
5, ¿3ÙA^+���
Nõ­��¤J [3,4].

éÃû� Bessel 1å�ïÄuyÙäkg­
ïA5. 1996 c MacDonald � [5] uy, �Ãû�
1å¥%1��{N, 	���ò3æNÔ�é
á�ålS¦¥%1��±Ö�; 1998 c Bouchal

� [6] ïÄ
Ãû�1å3gd�mDÑ¥�g2
y; 2002 c Garces-Chavez � [7] ME5/JÑòÃ
û�1�­ï�A5A^u1Æ�ö�, =��
�âf�Ãû�1åÐ¼�, âfò¬¦ÙNC
1|©Ùu)ÆC, �3âf��½ål?Ãû
�1å¬u)­ï, q�±Ð¼Ù¦âf, ¦�Ó
�ö�õ�¡âf¤��U; 2009 c4Q� [8] ¢
y
"� Bessel 1��g­ï, Ó�Ç½c� [9]

lAÛ1Æ�Ýé­ï?1
{ü�1�J,�

[; 2010 c Florian � [10] �Ñ
 Bessel 1å3n
��þ!0��g­ï; 2011 cÜcS� [11] ¢
y
p�Ãû� Bessel 1å�g­ï. �,<�
éÃû� Bessel 1�­ï�
�½�nØÚ¢�
ïÄ [12], �´"yXÚ�nØ�[9�ý. �©
|^{I Focus ^�úimu�Ï^1Æ�O^
� ZEMAX ¤äk��*!(¹!¯��`:, é
¶cI�) Bessel 1å¿²LæNÔu)­ï�
¢�L§��?1ï��ý. �ýL§¥, ��ë
ê�±¯��B/?1N�. �ý(J�¢�(J
ÎÜ�éÐ, NyÑT�ý�{äkép�O(5,

� Bessel 1å­ïA5�ïÄJø
�«�B!
O(�#Ãã.

2 nØ©Û

|^ Hankel ÅnØ�±éÐ/)ºÃû�1
å�­ïy�, 3�50�¥DÂ�²¡ÅÅÄ�
§�^²0¿[�§5L« [7]:
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ã 1 ^ Hankel Å£ã Bessel 1å�)9­ï�«¿ã

(1) ª�)�

E(x, y, z) =

E0H
(1)
0 (krr) exp(ikzz)

E0H
(2)
0 (krr) exp(ikzz)

, (2)

ª¥ H(1)
0 (krr), H(2)

0 (krr) � Hankel ¼ê, kr, kz ©
OL«»�Úp�Å¥©þ. Hankel ¼ê�±L«
�

H(1)
m (x) exp(ikzz)

=[Jm(x) + iNm(x)] exp(ikzz), (3)

H(2)
m (x) exp(ikzz)

=[Jm(x) − iNm(x)] exp(ikzz), (4)

� m = 0 �, ò (3) Ú (4) ª�\�� Hankel Å�
)"� Bessel 1å�L�ª

[H(1)
0 (x) + H(2)

0 (x)] exp(ikzz)

=2J0(x) exp(ikzz), (5)

(5) ªL«�´1�a"� Hankel Å H(1)
0 Ú1�

a"� Hankel Å H(2)
0 �U\�) Bessel 1�L�

ª.

Xã 1 ¤«, 1�a"� Hankel Å H(1)
0 £ã

�´¶é¡�l¶��	�ÑÑI¡Å (outgo-

ing conical wave, OCW), 1�a"� Hankel Å H(2)
0

£ ã � ´ ¶ é ¡ � l 	 � ¶ � � \ � I ¡ Å
(incoming conical wave, ICW), 3 OCW Ú ICWs U
\�«� (ABCD ¤�¤�!/«�) ò�)Ã
û� Bessel 1. �3Ãû�«�S��æNÔ
�, ICW ½ OCW �ñ	, ½öüöÓ��ñ	.

3vk ICW Ú OCW �pU\�«�òÃ{/
¤ Bessel 1, �´vk�	4� ICW Ú OCW UY
DÂ�U\E,�±/¤ Bessel 1, LyÑ Bessel

1²LæNÔ�ãål�u)g­ïy�. �¶c
I�I¡.� γ é��, ­ï���ål zmin �±
ÏLã 1 �AÛ'XL«� [3]

zmin ≈ d

(n − 1) γ
. (6)

3 �[�ý

31Æ�O^� ZEMAX ��S��ªe,

�±éþã¶cI�) Bessel 1å�²L¶þ
æNÔ�L§��?1ï�. �S��ªe1

�±(¹/ÀJ, ¶cI�.�±��ï�,

��±ÏLn� CAD ^� (X solidworks, proE

�) ï���\ ZEMAX. ùp, 1
ÀJý�©
Ù�1
 (source ellipse), Å�� 632.8 nm, ,�
��ý�1
¡�á¶þ� 10 mm (=��/
u1¡). I¡.�� 0.5◦ �¶cIÀJ3^�
S��ï�, I¡æ^IOL¡¡.. ��\�
1å�» a = 5 mm, I¡�­Ç�»� −0.05,

á�ÀJ BK7 Àæ, ¶cIþÝ� 2 mm, �g
­ Ç ~ ê U ì ú ª c = −(1/tan2 γ + 1) O �
� c = −1.313 × 104. æNÔ±áÂ¡�O, 3
&ÿì¥ÀJ�Z1Ë� (coherent irradiance).

ïÐ�.±�, ÄkÀJ3¶cI� 0.4 m ?
�¶þ���»� 0.7 mm ��/æNÔ. d (6) ª
�±O��æNÔ���­ïål� 77.846 mm.

±æNÔ?� z ¶å:, ã 2 ��/æNÔc�Ø
Ó �?��¡1r©Ù�[ã.

lã 2 �±wÑ, 3��\�/æNÔ�,

3 z = −25 mm ? k � � © Ù � Bessel 1, �
3 z = 0 ?��æNÔ�, æNÔ� 3 mm ?*
	��¥%1�9S��ñ	4, �XDÑål�

164103-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 16 (2012) 164103

O�, 3��­ïål?Ñy¥%1�, UYDÂ
� z = 150 mm ? Bessel 1¡E�G, u)
��
�g­ïy�.

g­ï��1åE� Bessel 1å, ¤±Eäk
g­ïA5, Ïd3 z = 150 mm ?2�����
»� 0.6 mm �¶þ�/æNÔ. ã 3 �[(Jw
«, 1��æNÔ��½ål?, Bessel 1åq¡E


�G, u)�g­ï.

�
�y Bessel 1åéÙ¦/GæNÔ�g
­ïA5, ÀJ3¶þ��>�� 0.7 mm ��/
æNÔ, ã 4 �¶þ�/æNÔc�ØÓ �?�
�¡1r©Ù�[ã. �� Bessel 1å²L�/æ
NÔ�äkaq�g­ïA5.

ã 2 ¶þ�»� 0.7 mm ��/æNÔc��¡1r©Ù (a) z = −25 mm; (b) z = 3 mm; (c) z = 77.864 mm; (d) z = 150 mm

(a) (b) (c) (d)

(e) (f) (g)

ã 3 Bessel 1å�g­ï�¡1r©Ù (a) z = −25 mm; (b) z = 3 mm; (c) z = 77.864 mm; (d) z = 150 mm;

(e) z = 153 mm; (f) z = 216.741 mm; (g) z = 300 mm

(a) (b)      (c)      (d)

ã 4 ¶þ�»� 0.7 mm ��/æNÔc�ØÓ �?��¡1r©Ù (a) z = −25 mm; (b) z = 3 mm;

(c) z = 77.864 mm; (d) z = 150 mm
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(b)        (a)        (c)   (d)

ã 5 l¶æNÔc�ØÓ �?��¡1r©Ù (a) z = −25 mm; (b) z = 3 mm; (c) z = 133.481 mm;

(d) z = 150 mm

ã 5 ��»� 0.6 mm ��/æNÔ l1
¶ 0.3 mm ��1r©Ù�[ã. dã 5 ��, æN
Ô l1¶�, Bessel 1åE,U
u)g­ïy
�, �´��g­ïålC�¶þ��g­ïål
�ü�, d (6) ªO�� 133.481 mm.

4 ¢��y

Uì�[�ýïá��.9ëê��¢�1
´, 1
¦^²O�*å� He-Ne -1, æNÔæ
^<M���¡, ±1��æNÔ¤3 �� z ¶
å:, |^NÁw�ºÚ>ÖÍÜì� (CCD) ¤�
XÚû��¡1r©Ù, Xã 6 ¤«. ¢�¥û�
ØÓ �?��¡1rãéAu�[�ýÜ©À

��� �, �¤^�æNÔº���[ëê��.

ã 7 �¢�û�¶þ�/æNÔc�ØÓ 
�?�¡1rã. �±wÑ, 3��\�/æN
Ô�, 3 z = −25 mm ?���� Bessel 1©Ù,

�3 3 mm ?�þæNÔ� Bessel 1�Ü©ñ	,

�XDÑål�O�, ¥%1�u)
ÆC, 3�
�­ïål?fÐ��¥%1�, 3 z = 150 mm

? Bessel 1u)��g­ïy�, �ã 2 ��[�
ý(JÎÜ�éÐ. 3�g­ï�Ä:þ2g�\
�/æNÔ, �w«���[(JÎÜ��g­ï
y�, Xã 8 ¤« (�ã 3 (JÎÜ).

3¶þ���/æNÔÚ3¶	���/æ
NÔ, ¢�(Jã 9 Úã 10 �Ñ��[�ý(J
ã 4 Úã 5 ÎÜ�éÐ.

CCD 

ã 6 ¢�1´ã

(b)     (a)     (c)    (d)

ã 7 ¢�û�¶þ�/æNÔØÓ �?�¡1r (a) z = −25 mm; (b) z = 3 mm; (c) z = 77.5 mm;

(d) z = 150 mm
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(a)     (b)  (c) (d)   

(e)  (f) (g)

ã 8 ¢�û�¶þ�/æNÔ�g­ïØÓ �?��¡1r (a) z = −25 mm; (b) z = 3 mm; (c) z = 77.5 mm;

(d) z = 150 mm; (e) z = 153 mm; (f) z = 216.5 mm; (g) z = 300 mm

(b)       (c)      (d)(a)       

ã 9 ¢�û�¶þ�/æNÔØÓ �?��¡1r (a) z = −25 mm; (b) z = 3 mm; (c) z = 77.5 mm; (d) z = 150 mm

(b)     (a)     (c)      (d)

ã 10 ¢�û�l¶�/æNÔØÓ �?��¡1r (a) z = −25 mm; (b) z = 3 mm; (c) z = 133.5 mm;

(d) z = 150 mm

5 ( Ø

�â Hankel ÅnØ©Û
 Bessel 1å��)
9g­ïA5, |^1Æ�O^� ZEMAX �[

¶cI�) Bessel 1å�²L¶þ�/æNÔ!
�/æNÔÚl¶�/æNÔ��1åDÑA5,

�[(J�nØ©ÛýÿÎÜ, L²¶cI�)
� Bessel 1åäkg­ïA5. é�[(J?1

î��¢��y, ¢�(J��[(JÎÜ�é
Ð, NyÑ ZEMAX ^�r���ýUå, Ø�U

(¹!�B/?1ï��ý, ��ý(Jäké
p�O(5. ïÄ(Jéu|^ ZEMAX ^�ï
Ä Bessel 1å�­ïA5äk�½�y¢¿Â.
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Simulation and experimental confirmation on the
reconstruction of Bessel beams∗

Fan Dan-Dan Zhang Qian-An Cheng Zhi-Ming Zheng Wei-Tao Wu Feng-Tie†

( College of Information Science and Engineering, Huaqiao University, Quanzhou 362021, China )

( Received 12 December 2011; revised manuscript received 9 January 2012 )

Abstract

The reconstruction property of the Bessel beam plays a significant role in the application of multi-plane micro-manipulation. We

analyze the principle of the generation and the reconstruction of Bessel beam according to the Hankel wave theory; we also discuss

the reconstructions of circular and square obstacles on-axial and off-axial of system in detail respectively. The generation of Bessel by

axicon and the self-reconstruction property of Bessel beam after different kinds of obstacles are simulated by optical design software

ZEMAX. Experimental result is used to confirm the simulation model, and it accords with the simulation very well. Therefore, we

obtain a conclusion that the software ZEMAX can quickly and intuitively simulate the reconstruction of Bessel beam generated by

axicon with high veracity.

Keywords: non-diffracting beam, reconstruction, Hankel wave theory, ZEMAX
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