
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 16 (2012) 164212

üüüÌÌÌ���ÛÛÛ���EEEããã���PPP¹¹¹999êêêâââïïï*

±©·† �©7 Y¨ Á� u¤'

( þ°�Æ°�Å�ó§X, þ° 200072 )

( 2011 c 12 � 22 FÂ�; 2012 c 1 � 19 FÂ�?Uv )

?1
êiüÌl¶�Û�EãP¹Úê�?n�[©Û9¢�ïÄ. Äk½Â
üÌ�Û�Eã¿©Û

Äuõ�ÝK�êiüÌl¶�Û�EãªÌ©ÙA:, ddL²§��?n5. 3dÄ:þ, ê��[©Û
Ä
un�ÝK�üÌl¶�Û�EãP¹���ÝK&E�©lJ�, ��ÀJ
äk±Ï(��ß²1» (±Ï
� 100 µm) ��¢���, ¢y
n�ÝK�üÌ�Û�Eã�P¹±9ê�ï, nåÔ1Åï±Ï�Ø�
3 4%—5%��S. �[©Û9¢�(J�y
üÌ�Û�EãP¹�&E©l��15, Ó��¢yä�¢�u
ÿõU�4�þÝKêi�E�ÛXÚJø
��EâÄ:.

'�c: êi�E�ÛEâ, n�ÝK, üÌ�Û�Eã

PACS: 42.40.Kw, 42.30.Wb

1 Ú ó

8cêi�E�Ûï¥þI�A�Ì�E
ã [1−7], l��
XÚ�Ä�A5. �éù�A
:, ·�cÏmÐ
�þÝKêi�E�Ûï¢
�ïÄ [8,9], �é¶é¡(���, |^ü�ÝKê
âÿÐ�n�ÝKêâ, ¢y�ÿ��î�¡ò�
Ç�ï, ½ö|^�ÿ���üg^=¼�n�
ÝKêâ, ¢y�ÿ��î�¡ò�Ç�ï. �
�8�'ïÄÑ�¢yXÚ�Ä�A5, =õ�Ý
K�Eã�¢�P¹ [9−16]. ¢y¢�P¹��ª
kü«: 1) |^õ�>ÖÍÜì� (CCD) Ó�P¹
õ�ÝK�Z��E&E; 2) òõ�ÝK�Z��
E&EÓ�®8u����, dü� CCD ì�P
¹. c�«P¹�{'�{ü, N´¢y, �æ^õ
� CCD �¬3��ÝK&E�mÚ\ �Ø�±
9��Ø��. ��«P¹�{�,I�(¹�O
T��1´, ��±;�þãØ��Ú\. �©�
é1�«P¹�ªmÐ
©Û9¢�ïÄ, ¿3d
½Âdõ�ÝKZ��E&E�gÍ1P¹¤/
¤�üÌ�Eã�üÌ�Û�Eã. �©ÄknØ

©Û
Äuõ�ÝK�üÌ�Û�EãªÌ©Ù
A:, ,�ê��[©Û
Äun�ÝK�üÌ�
Û�EãP¹���ÝK&E�©lJ�, ��À
J
äk±Ï(��ß²1»��¢���, mÐ

�A�¢�ïÄ, ¢y
n�ÝK�üÌ�Û�
Eã�P¹±9ê�ï. ÀJäk±Ï(��1
»��´�
�Ð/þz©ÛüÌ�Û�Eã�
P¹9Ùï±9P¹XÚ¥1å\��Ýé�
ÿ��&EP¹�K�. �©ïÄ(J�e�Ú'
u4�þÝKêi�E�Û¢�Ä�ïïÄó
�Jø
'��nØ�âÚcÏÄ:.

2 üÌ�Û�EãªÌA:©Û

©O��E¡þ 3 åÔ1Å!1 åë�1Å
� O1, O2, O3, R, ÙL�ª�

O1(ξ, η) = A1 exp(iϕ1(ξ, η)), (1)

O2(ξ, η) = A2 exp(iϕ2(ξ, η)), (2)

O3(ξ, η) = A3 exp(iϕ3(ξ, η)), (3)
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R(ξ, η) = Ar exp(iϕr(ξ, η)), (4)

ª¥, A L«�1Å��Ì, ϕ L«�1Å�� .
þã�Ô1Å�P¹ë�1Å5gÓ��Z1,
�Ä���Ó, ¤±�E²¡þ¬kõå�ZÅ.
^ H L«�E²¡þ�1r©Ù, L�ª�

H =(O1 + O2 + O3 + R) · (O1 + O2 + O3 + R)∗

=O1O
∗
1 + O1O

∗
2 + O1O

∗
3 + O1R

∗ + O2O
∗
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∗
2 + O2O

∗
3 + O2R

∗ + O3O
∗
1

+ O3O
∗
2 + O3O

∗
3 + O3R

∗

+ RO∗
1 + RO∗

2 + RO∗
3 + RR∗, (5)

ª¥ ∗ L«�Ý. Ü¿!�nþª, �

H =
( 3∑

i=1

OiO
∗
i + RR∗

)
+ (O1O

∗
2 + O2O

∗
1

+ O1O
∗
3 + O3O

∗
1 + O2O

∗
3 + O3O

∗
2)

+ (O1R
∗ + O2R

∗ + O3R
∗)

+ (O∗
1R + O∗

2R + O∗
3R), (6)

ª¥, 1��)ÒS�´�6�, 1��)ÒS�
´nåÔ1Å*d�m�)�Z�D(, 1n�)
ÒS�¹
nåÔ1Å�©&E, 1o�)ÒS�
¹
nåÔ1Å��Ý&E.

�nåÔ1Å9ë�1Å�ªÇ�� ω1, ω2,
ω3, ω, é (6) ª?1Fp�C�, K�

=[H] =A +
3∑

i=1

[F (ω − ωi) + F (ω + ωi)]

+ [F (ω1 − ω2) + F (ω1 + ω2)]

+ [F (ω1 − ω3) + F (ω1 + ω3)]

+ F (ω2 − ω3) + F (ω2 + ω3)], (7)

þªL², �6�3"ª?�)À-Ì A, Ù¦
�ªÌ3ªÌ²¡þ� �Éë�1ÅÚÔ1
Å�m�Y�N�, Ù¥ F (ω + ω1), F (ω + ω2),
F (ω + ω3) ©O´nåÔ1Å�©&E¤éA�ª
Ì, =�I�J�Ñ5�k�ªÌ, Ù¦��þ�
Ã�ªÌ, ½�w�D(�Ø.

3 üÌ�Û�Eã�[©Û

�©�[Ú¢�©Û¥�üÌ�Û�Eãþ
�¹nÝK�� (0◦ À�!60◦ À�!120◦ À�)
�Ô1Å&E. �[L§©oÚ�¤: 1�Ú, �[

)¤nåpØ�Ó�Ô1Å, ��5gn�ÝK�
Ô1Å; 1�Ú, òn�Ô1Å�²¡ë�1Å�
)l¶Z�)¤üÌ�Û�Eã, ¿�ÄÔ1Å*
d�m�Z�; 1nÚ, æ^ª�{¢yüÌl¶
�Û�Eã�ªÌÈÅ, ¼�n�Ô1Å�ªÌ;
1oÚ, J�n�Ô1Å�ªÌ¤©, ¿©Oê�
ï���A��©� &E.

�L«�ÝKÔ1Å��É5, �[¥æ^
nåØÓÔÅ: ���Ô¡!ü��Ô¡Úo�
�Ô¡, Xã 1 ¤«. �[ëêXe: -1Å�
� 632.8 nm, CCD �Â¡È� 1024×1024 ��, �
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�º�� 4.65 µm, P¹ål� 60 cm. �Ô¡�L
�ªXe:

z = 0.05 −
(
x2 + y2

)
/2002, (8)

ò�Ô¡²L²£�E��, ©O��ã 1(a),
(b), (c) ¤«nåØÓÀ��Ô1Å, ã¥¤«��
Ô1Å�� ©Ù.

ã 2 ��[)¤�üÌl¶�Û�Eã, ã 3
¤«�üÌl¶�Û�EãéA�ªÌã. òÔ1
Å i(i = 1, 2, 3) �²¡ë�1ÅZ��ªÌ¤©P
� F -OiR, òÔ1Å 1 �Ô1Å 2 Z��ªÌ¤©
P� F -O1O2, Kdã 2 ��, Ï�nåÔ1ÅÚë
�1Å�m�Y���uÔ1Å*d�m�Y�,
¤±nå�©Ô1Å¤éA�ªÌ¤©ÉÙ¦ª
Ì¤©Z64�, ��p©l.

ã 2 üÌ�Û�Eã

零级

F↩OO

F↩OO

F↩OO

F↩OR

F↩OR

F↩OR

ã 3 üÌ�Û�EãªÌ

©O�Ñ F -O1R, F -O2R, F -O3R, ^òÈ�
{?1�Eãê�ï, ï(JXã 4 ¤«.

�ã 1 ¤«nå�©Ô1Å©O'�, ï(

JL²n���©Ô1Å&E���/©lJ�,
�du�3Z�D(, �æ^
Ý/I?1ªÌ�
©lJ�, ¤±Ø�;�/¬�3�Ü©D(ªÌ,
Ó��¬¿��Ü©k�ªÌ, lÚ\ïØ
�. ã 5 ´ê�ïn�Ô1Å�� Ø�n�©
Ùã, ã 6 �ã 5 �Ø�÷ X ¶�î��©Ùã.
L 1 �Ñ
ê�ïØ�êâ, Ù¥� Ì�´�
 ���Ú� �����, ²þØ�´é¤k�
�¥�Ø��²þ�, IOØ�´é¤k��¥�
Ø��IO�.
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ã 5 �Eãê�ïn�Ô1Å� Ø�n�©Ùã
(a) 0◦ À�; (b) 60◦ À�; (c) 120◦ À�
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ã 6 ã 5 �Ø�©Ù÷ X ¶�î��©Ùã (a) 0◦ À
�; (b) 60◦ À�; (c) 120◦ À�

L 1 ï(JØ�©Û

�©�  ï�  ²þ IO
Ì�/rad Ì�/rad Ø�/rad·pixel−1 Ø�/rad·pixel−1

ÔÅ 1 3.7699 4.3135 0.0322 0.0430
ÔÅ 2 3.7699 3.8966 0.0361 0.0557
ÔÅ 3 3.7699 3.8311 0.0675 0.0651

4 üÌ�Û�Eã?n¢�9(J©Û

4.1 üüüÌÌÌ���ÛÛÛ���EEEããã???nnn¢¢¢���

Äk�ï
Äu Mach-Zender ý��ªn�
ÝKêiüÌl¶�Û�Eã1ÆP¹XÚ, X

ã 7 ¤«, Ù¥ BE ��mÈÅì, M ���º, MO
�w�Ôº. -11²*å!ÈÅ!O�, ÏL
� �©1cº NBS1 ���1å 4 ² NBS2 ©
�üå1Å, �å��ë�1Å, ,�å1Åì�
�ÿ��, P�Ô1Å O1(0◦ À�). NBS1 �ß�
1å² NBS3 ©�1å 5!1å 6, ©Oì��ÿ
��, P�Ô1Å O2(60◦ À�), Ô1Å O3(120◦ À
�). nåÔ1Å©O�ë�1Å R l¶Z�)¤
üÌ�Û�Eã, d CCD P¹.

- 1 1  Å � � 664.2 nm, CCD � � � þ
� 1392×1040, ��º�� 4.65 µm. ��Ð/©
Û��ÝK�P¹9ï�J, �ÿ��À^äk
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±Ï(��ß²1», 1»±Ï� 100 µm, w�Ô
º MO ���Ç� 20.

ã 8 �P¹�üÌ�Û�Eã, ã 9 �ã 8 ¤

éA�ªÌã, ��ªÌã©ÙA:ÎÜþ©�[
©Û(J, =duÔ1Å O1, O2, O3 �P¹ë�1
Å R �Y�ØÓ, ��&EªÌ¤©�p©l.

16
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ã 7 Mach-Zender êiüÌl¶�Û�Eã1ÆP¹XÚ«¿ã

ã 8 êiüÌl¶�Û�Eã ã 9 ã 8 ¤«üÌl¶�Û�Eã�ªÌã

©O�Ñ O1, O2, O3 �ªÌ, æ^òÈ�{?
1�Eãê�ï. nåÔ1Åï� ©ÙX

ã 10 ¤«. ã 11 K©O�ã 10 ¥�� ã÷ X

¶�î��©Ù.

164212-5



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 16 (2012) 164212

(c)

(b)

(a)

00
400

500

800
1200

1000
-4

-2

0

2

4

0
400

800

500

1000

1500

1200

0
200

600

1000

400
800

1200

X

Y

Y

Y

X

X

相
位
/
ra
d

-2

-4

0

2

4

相
位
/
ra
d

-2

0

2

4

相
位
/
ra
d

ã 10 �Eãê�ï1»nåÔ1Å� ã (a) 0◦ À
�; (b) 60◦ À�; (c) 120◦ À�

0

-1.0

 0

 1.0

1.5

400 800 1200
X

相
位

/
ra

d

0

-1.0

-2.0

 0

 1.0

2.0

400 800 1200
X

相
位

/
ra

d

0

-1.0

 0

 1.0

1.5

400

(c)

(b)

(a)

800 1200
X

相
位

/
ra

d
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�; (b) 60◦ À�; (c) 120◦ À�

4.2 ¢¢¢���(((JJJ©©©ÛÛÛ

lã 10 �wÑ, �,nåÔ1Å5gÓ��
�ÿ��, �ï¤�1»�±Ï¿Ø�Ó, e©
�ézåÔ1Å�\��Ý©ÛÙ�Ï.

ã 12 ´Ô1Å O1 Ú O2 �1´«¿ã, Ô
1Å O2 �¡R�\�1», Ô1Å O1 l�ý\
�1». üåÔ1Å1¶Y�� 60◦, Ô1Å O1

�1»L¡Y�� 30◦ (Ô1Å O3 1´©ÛÓ

Ô1Å O1, 3dØKã). y���1»¢S�
Ý� L, 3Ô1Å O1 1¶R�¡þ�ÝK�Ý
� l, Kk l = L × cos 60◦ = 0.5L, ¤±enå
ïÔ1Å�±Ï©O� T1, T2, T3, Kn�^�e
k T1 = 50 µm, T2 = 100 µm, T3 = 50 µm.

y�âã 12 ¤«ï� �î��©ÙO�
nåÔ1Å�¢S±Ï, O�úª�

T =
N × L0

n
, (9)
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(a) (b)

30O l

ã 12 Ô1Å O1 ÚÔ1Å O2 �1´ã (a) 1´«¿ã; (b) 1´©Ûã

Ù¥ N � CCD ¥��1»±Ï°Ý¤Ó���
ê, L0 ����¢Sº�, n ����ê. �â (10)
ª�O��� T1 = 48.244 µm, T2 = 96.255 µm,
T3 = 47.43 µm, =¤��ï1»±ÏÄ�ÎÜ¢
Sëê, ��3� 4%—5%�ïØ�. Ø�Ì�
3uÔ1Å*d�m�Z�D(K�
�Eãê
�ï�þ, l��ï1»� ©Ù��5K
�u©Ù, �ª¦�Å¸��:���¿Ø°(.

5 ( Ø

�©½Â
üÌ�Û�Eã, ¿mÐ
êil
¶üÌ�Û�EãP¹9ï��[©ÛÚ¢�
ïÄ, ©Û9ïÄ(JL²: Äuõ�ÝK1åÚ

�� CCD �üÌ�Û�Eã�P¹´�±¢y�,
1´XÚÙÛ�J:3uQ��Äoå1Å*d
�3Y�, ���Ä CCD k��a1¡; du�
1å*dl¶, ¤±�±æ^ª�{¢yk�Ô1
Å�ªÌJ�, �[©ÛÚ¢�ïÄ(JþL²�
©g´��(59�15; õåÔ1Å�¢�P¹
K��Eãê�ï�þ. �©e�Ú�ó�¥
I�éJpüÌ�Û�Eã2y�þ?1ïÄ, '
XÚ\Ø DanØ. êi�Eãê�ïU¼�
�ÿÔN�Ó+&E, TÓ+&E«1�´�ÿÔ
NSÜ�²þ�J, Ø´�ÿÔNSÜ�¢Së
ê ((�), e|^n��Ûï�{é�Eãï
(J?�Ú)N, âU¼�ÝK´»þz�ü:ê
�, =�ÿÔNSÜ�5Uëê.
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Recording and numerical reconstruction of single
digital tomographic hologram∗

Zhou Wen-Jing† Hu Wen-Tao Qu Hui Zhu Liang Yu Ying-Jie

( Department of Precision Mechanical Engineering, Shanghai University, Shanghai 200072, China )
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Abstract

In this paper, we study the single tomographic hologram (STH). We first define the STH and analyze the frequency spectrum of

the STH containing three projections, then perform the simulation analysis including the digital recording, information separation and

numerical reconstruction of the STH, and finally we rebuild an experimental setup to record the single tomographic hologram from

three projections. A phase grating with 100 µm period is used as a test sample. The reconstructed period error of grating is between

4%–5%. Both simulation analyse and experimental results demonstrate the feasibility and validity of the STH. In the next work, the

improvement of the reconstruction quality for single digital tomographic hologram will be discussed.

Keywords: digital holographic tomography, three projections, single digital tomography
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