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JÑ
�«Äu Stokes ëþ�êiÓ¶ ��E�{. 3¢�¥^�å� �1Ú�åý� �1��ë�
1, ©O�Ô1?1Z�, ÏLû�3ü��pR���þ��Eã, O�ÑÔ13ùü�����ÌÚ� &E,

l
��Ô1� Stokes ëþÚÔN�� �&E, ¢yé��É5ÔN ���m©Ù�ã�­ï. ¢�(JL²,

T�{�^uÔN�� �A5�ÿþ. ù«�{3¦ÑÔ1 Stokes ëþ�Ó�, ���Ø"?�Ú�Ý��Z6,

Ïd��^uÓ¶½l¶�E.

'�c: êi�E,  �A5, Stokes ëþ, ��É5

PACS: 42.40.Kw, 42.25.Ja

1 Ú ó

 �¤�EâX 1w�ºEâ [1]!ù	 
�¤�Eâ [2]! ��Zä�×£Eâ [3−5] Ú
 �Z�¤�1ÌEâ [6,7] 3�ÆK�!L¡ÿ
þ!á��(�5�ÚSÜAå�+�Ñk­
���^. êi�EEâ�Ñy [8,9], �|^êi
�E¢y �¤�Jø
�U. êi�E¥, a1
�¡�>ÖÍÜ¤�ì� CCD ¤��, �EãÏ
L CCD P¹, ±êi�ª2y, duP¹Ú2y�
��L§Ñ´êiz, �Ñ
DÚ�E?nL§E
,ÚÃ{?1þz©Û�":. |^êi�E5¢
y �¤�, �±¢y ��©Ù�þz©Û, ¤
��Ý¯, k�U¢y¢�Ú¹N¤�. êi�E
�ÏLÓ¶Úl¶ü«�ª5¢y. �êil¶�
E�', êiÓ¶�EXÚ�°
éP¹ÔN�º
�ÚP¹ål��¦, XÚ(�(¹!Ñ�D(�
$!é CCD ��m�°|^Ç�p [10], 
�XJ
Ô1Úë�1þ�²¡Å, òk�U¢y�ålP
¹Ú2y. Ïd, |^êi�E5¢y �¤�, Ó
¶�E3XÚ5U�¡�`ul¶�EXÚ.

êi ��E�� �¤�+����©|,

É�I	Ø�Æö�'5. Beghuin � [11] JÑ3
l¶�EXÚ¥©O^m^Ú�^� �1��
üåë�1, ÷ØÓ�1Æ´»�Ô1?1Z�,

�ÏL�g�Eû�Ò�¢y �¤�. F��Æ
[ Yokota[12−14] �Ä�æ^Vë�1´��E,,

�üåë�1÷ØÓ�´»�� CCD, üÌ­�
��m ����5IÏL©Û5?1N�, JÑ

|^1n Faraday ^=ì5��ë�1� ��
�, ¢y
üë�1´l¶ ��E. ,
, 3ù

©z¥, |^m^Ú�^� �1½�pR���
 �1��ë�1, ©O�Ô1Z�, ÏLêiz
­�Ô13ùü���þ�E�Ì&E, l
¼�
 ��©Ù, ù«�{=·^ul¶�E, �I�
yl¶�v
�, â�¢y�©��"?�!�Ý
�3�mþ�©l, ;�2y�©�É"?�Ú�
Ý��Z6. éuÓ¶�EXÚ, |^ù«�{, ò
���©��"?�Ú�Ý��î­­U, K�¤
��þ, $�����Ã{¼�Ô13ü��pR
���þ�E�Ì&E.

�©JÑÄu Stokes ëþ�êiÓ¶ ��
E�{. �þã�{�ØÓ�?3u, æ^Ó¶�
EXÚ, |^�å� �1Ú�åý� �1��
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ë�1, ©O�Ô1?1Z�, ¿P¹3�pR�
ü���þ��Eã. æ^d�{�±���Ü
ÑÔ13ùü���þ��ÌÚ� ©Ù, l
�
�Ô1� Stokes ëþ, ��/(½ÔN�� �&
E, 3dÄ:þ¢yéÔN� �A5ïÄ, �ê
i ��EJø
�«#�¢��Y. ¢�(JL
², ù«�{Ø=�±¢yÔN� �¤�, ïÄ
ÔN� �A5, 
��±¢y�ålÿþ, y3
®²¤õ¢y
 100 cm �ÿþ. ,	, ù«�{k
��Ø
"?�Ú�Ý��Z6, �Ó�·^uÓ
¶Úl¶�E.

2 ¢��n

�EEâ´ÏLÔ1Úë�1Z�, òÔ1Å
c�E�Ì&EN��Z��Eã¥5¢yÔ1
E�Ì�P¹. |^�EEâ¢y �¤�, ¢S
þÒ´|^�EP¹Ô13ü��pR���þ
�E�Ì.

Ô1�ë�1Z��, 3 CCD ?����E
ãY²©þÚR�©þþ�1r©Ù:

IHx(x, y) = |Ox(x, y)|2 + |Rx(x, y)|2

+O∗
x(x, y) · Rx(x, y)

+Ox(x, y) · R∗
x(x, y),

IHy(x, y) = |Oy(x, y)|2 + |Ry(x, y)|2

+O∗
y(x, y) · Ry(x, y)

+Oy(x, y) · R∗
y(x, y),

(1)

ª¥ IHx(x, y) L«�EãY²©þþ�1r©
Ù, IHy(x, y) L « � E ã R � © þ þ � 1 r ©
Ù, Ox(x, y) Ú Oy(x, y) ©OL«Ô13 CCD ?
Y²©þÚR�©þþ�E�Ì&E, Rx(x, y)

Ú Ry(x, y) ©OL«ë�1Y²©þÚR�©þ
þ�E�Ì&E.

d (1) ª��, ��Ø"?�Ú�Ý��Z6,

��/(½Ô13Y²ÚR���þ�E�Ì©
Ù Ox Ú Oy, I�üåØÓ�ë�1©O�Ô1?
1Z�. ¢�|^ �©åºò\�1å©�Y²
� �1ÚR�� �1, ©O÷ë�1´»ÚÔ
1´». 3ë�1´», Y²� �1²L,� 
�1Æ���, �)üåØÓ ���ë�1. ù

üåë�1Å3 CCD ?� Jones Ý
�

URi(x, y) =

 Rix(x, y)

Riy(x, y)


=

 ai bi

ci di

 R(x, y)

0


=

 ai · R(x, y)

ci · R(x, y)

 , (2)

ª¥ R(x, y) �² �©åºÑ��Y²� �1

3 CCD ?�E�Ì©Ù,

 ai bi

ci di

 � �1Æ�

�� Jones Ý
, i = 1, 2 L«ë�1å 1, 2.

d (1) Ú (2) ª, ùüåë�1�Ô1Z���
�Eã3Y²ÚR�©þþ�1r©Ù©O�

Iix(x, y) = |Ox(x, y)|2 + |ai|2 |R(x, y)|2

+ai · O∗
x(x, y) · R(x, y)

+a∗
i · Ox(x, y) · R∗(x, y),

Iiy(x, y) = |Oy(x, y)|2 + |ci|2 |R(x, y)|2

+ci · O∗
y(x, y) · R(x, y)

+c∗i · Oy(x, y) · R∗(x, y).

(3)

,	, ¢����Ô1Å3Y²ÚR���þ�1
r©Ù±9Y²� �ë�1�1r©Ù:

IOx = O2
x(x, y),

IOy = O2
y(x, y),

IR = R2(x, y),

(4)

|^ (3) Ú (4) ª, �±¼�Ô13Y²ÚR���
þ�E�Ì©Ù:

Ox(x, y) =
a2t1 − a1t2

(a2a∗
1 − a1a∗

2)R∗(x, y)
,

Oy(x, y) =
c2t3 − c1t4

(c2c∗1 − c1c∗2)R∗(x, y)
,

(5)

Ù¥, t1 = I1x − IOx − |a1|2 IR, t2 = I2x − IOx −
|a2|2 IR, t3 = I1y − IOy − |c1|2 IR, t4 = I2y − IOy −
|c2|2 IR. a1, a2, c1, c2 �äN�d (2) ª¥ �1
Æ��� Jones Ý
/ª�Ñ. ÏL±þ©Û, |
^üå®� ���ë�1�Ô1©O?1Z
�, �±¼�Ô13ü��pR���þ�E�
Ì©Ù, ¿���Ø"?���Ý��8�. ,
,

¢�éùüåë�1� ��´k�½�¦�,
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l (5) ª�±wÑ, �¼�Ô13ùü���þ�
E�Ì©Ù, ¤À �1Æ��� Jones Ý
I÷
v b2b

∗
1 − b1b

∗
2 6= 0 Ú d2d

∗
1 − d1d

∗
2 6= 0. �÷vù�

^�, �¢�3ë�1´»©O�\ �¡Ú 1/4

Å¡, 5�)�å� �1Ú�åý� �1��
ë�1.  �¡Ú 1/4 Å¡� Jones Ý
/ª�

MP =

 a1 b1

c1 d1


=

 cos2 θP sin θP cos θP

sin θP cos θP sin2 θP

 ,

Mλ/4 =

 a2 b2

c2 d2


=

1√
2

 1 + j cos 2θC j sin 2θC

j sin 2θC 1 − j cos 2θC

 ,

(6)

ª¥ θP, θC ©OL« �¡ß1¶Ú 1/4 Å¡¯¶
� x ¶�Y�.

d (5) ª¼�Ô13 CCD ?�E�Ì©Ù, |
^ Fresnel û�, 2y�¡þ�E�Ì©Ù�

O′
x(X,Y, Z) = exp

[
iπ
λZ

(X2 + Y 2)
]
·
∫∫

Ox(x, y)

× exp
[

iπ
λZ

(x2 + y2)
]

× exp
[
− i2π

λZ
(xX + yY )

]
dxdy,

O′
y(X,Y, Z) = exp

[
iπ
λZ

(X2 + Y 2)
]
·
∫∫

Oy(x, y)

× exp
[

iπ
λZ

(x2 + y2)
]

× exp
[
− i2π

λZ
(xX + yY )

]
dxdy,

(7)

ª¥ Z �2yål, (X,Y, Z) L«2y¡��I.

dd, ­��Ô1Å3 x, y üR���þ�E�Ì
©Ù�L«�

O′
x(X,Y ) = Ax(X,Y ) exp [iφx(X,Y )] ,

O′
y(X,Y ) = Ay(X,Y ) exp [iφy(X,Y )] . (8)

�·���
Ô13ü��pR���þ
�E�Ì©Ù, Ô1Å� �A5Ò�±��/
(½
. |^ùü���þ�E�Ì&E, Ô1

Å� Stokes ëþ��±��. � Ax = I cos γ,

Ay = I sin γ, Ù¥ I L«Ô1Å�o1r. Ù �
�^8�z� Stokes ëþL«�

S =


S0

S1

S2

S3

 =


1

cos 2γ

sin 2γ cos φ

sin 2γ sinφ

 , (9)

ª¥ φ �ü�Ä��þ�� �, φ = φy − φx.

d Stokes ëþ=���/(½Ô1Å� �A5.

�'� �ëþ, X�Ì'!� �!� �±9
ýÇ��ÏL Stokes ëþ5¦�:

tan γ(X,Y ) =
Ay(X,Y )
Ax(X,Y )

= tan
(

1
2

cos−1 S1

)
, (10)

φ(X,Y ) = tan−1 S3

S2
, (11)

θ(X,Y ) =
1
2

tan−1 [tan (2γ(X,Y ))

× cos(φ(X,Y ))] , (12)

ε(X,Y ) =
1
2

sin−1 [sin (2γ(X,Y ))

× sin(φ(X,Y ))] . (13)

¢�¥, |^ (10)—(13) ª, ¼�
Ô1�Ì'!�
 �!� �ÚýÇ���m©Ùã.

3 ¢�C�

êi ��EP¹�C�Äu Mach-Zehnder

Z�¤�Ó¶�E¢�1´, Xã 1 ¤«. d He-Ne

-1ìuÑ�1, ²Ldw�ºÞÚàßº|¤�
O�*åXÚ�, � �©åº (PBS) ©¤üå 
���p�R��� �1, Ù¥Y²� �1÷
ë�1´», R�� �1÷Ô1´».

¢�¤^ CCD ���ºÞ�\<� Lumenera

úi)�� INFINITY2-1M .�Å, §�k���
� 1392×1024, ��º�� 4.65 µm×4.65 µm, k�
�Â¡È 6.473 mm×4.836 mm. êâd CCD æ8
¿DÑ�>M¥?1êi­�Ú©Û.

¢��, Äk3ë�1Ü©\\ �¡ P1, T
 �¡ß1¶� x ¶Y�� 60◦, N! �¡ P2,

¼�T^�e�Eã3Y²©þÚR�©þ�1
r©Ùã I1x Ú I1y; 1�, 3ë�1Ü©\\ 1/4

104202-3



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 10 (2012) 104202

Å¡ Q1, TÅ¡¯¶��� x ¶�Y�Ó�À
J 60◦, N! P2, ¼�ù«^�e�Eã3Y²Ú
R�©þ�1r©Ùã I2x Ú I2y; 1n, 	4ë�
1, N! P2, ¼�Ô13ü�pR�©þ�1r&
E Iox Ú Ioy; ��, £m P2, 	4Ô1, ¼�ë�1
�1r©Ù IR. ò¼��1r©Ùã3>M¥þ
z�;, (Ü¢��n?1?§2y, =�¢yé
 �ÔNE�Ì&E�­�9 �A5�©Û.

ã 1 Äu Stokes ëþ{�êiÓ¶ ��E¢�C�ã

4 ¢�(J9©Û

�
(½ù« �ÿþ��n, ¢�¥r�
� λ/4 Å¡ Q2 Ú ���� x ¶¤ 45◦ �� 
�¡ P3 �|Ü��ÔN,  �'XXã 2 ¤«,

λ/4 Å¡�k�Ü© u1´¥, Ïd,  �ÔN
1å©�
ü�«�: «� A Ú«� B. �Å¡�
¯¶���?¿��, «� A � 45◦ � �1; «

� B �ý� �1. ¢�¥¦^Ó¶C�, |^T
�{2y����ÔN x Ú y ����Ì©ÙÚ
� ©Ù, ¿Ó��Ø
"?�Ú�Ý��Z6.

ã 3 �|^ (5) Ú (7) ª­�¿êi2y�J
���ÌÚ� &E. �¢��±��¼��©�
&E, �Ø
"?�Ú�Ý�¤©, 32y�¥=
k�©�¤©, =¦´3Ó¶XÚ¥, ��±��
��ß��. ã¥«� B �²L �¡ P3 Ú 1/4 Å
¡ Q2 ��ý� �1«�, A ´²L �¡ P3 �
ë�«�. �±uy, «� A Ú B ��Ì©ÙÚ�
 ©Ù´þ!�.

ã 2 ¢�¤^�¬�(�ã

lã 3 �±wÑ, Å¡>�?��Ì©ÙÚ�
 ©Ù´Øþ!�. Ï�¢�¤^� 1/4 Å¡3>
�?k�½�þÝCz, �âVò�0��� �
úª ϕ =

2π

λ
d(n0 − ne), 1/4 Å¡>�?�� ò

´þ ϕ Ø2´(½��
π

2
, 
´�>�¢S�þÝ

k'. ��å 45◦ �Y²� �1²LTÅ¡>�
�, òTÅ¡w��Vò�0�, Ù¯¶� x ¶Y
�� θ, Ñ�1^ Jones Ý
�L«�

 Ex

Ey

 =
√

2
2

 cos
ϕ

2
+ j sin

ϕ

2
cos 2θ j sin

ϕ

2
sin 2θ

j sin
ϕ

2
sin 2θ cos

ϕ

2
− j sin

ϕ

2
cos 2θ

 1

1



=
√

2
2


√

1 + sin2 ϕ

2
sin 4θ exp i

{
arctan

[
tan

ϕ

2
· (cos 2θ + sin 2θ)

]}
√

1 − sin2 ϕ

2
sin 4θ exp i

{
arctan

[
tan

ϕ

2
· (cos 2θ − sin 2θ)

]}
 .

(14)

lþª�±uy, 1/4 Å¡>�?��ÌÚ� ©
Ùþ� 1/4 Å¡�� ò´þ ϕ k', Å¡þÝØ
Ó, ϕ ØÓ, �Ì©ÙÚ� ©Ù�ØÓ, Ïdã¥
>�?Ñy©ÙØþ��¹.

� x ¶Ú y ¶����Ì©Ù±9� ©Ù
(½�, �â (10)—(13) ª���� �ÔN� 
�ëþ (�Ì'!� �!� �!ýÇ�) ��

m©Ù�¹, Xã 4(a)—(d) ¤«.

æ^�©�{�±��ß/2y�� �A
5ëþ��m©Ù, ã�>���Ù, lã��±
�*/wÑØÓ� ��«� A Ú B � �ëþ
´ØÓ�. �
?�Ú?1 �A5�ïÄ, ·�
éã 4 ¥«� B ��Ì'Ú� ��
nØ�Ú
¢���'�. «� A ��ë�Ü©, 3«� A  
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��� 45◦ �� �1, Ù�Ì'Ú� ��nØ
�©O� 1 Ú 0◦, Ïd, �ò«� A ¥�Ì'Ú�
 �©Ùã�J��¬«��²þ������
ë��, 5¼�«� B �¢�ÿþ�. éu«� B,

1/4 Å¡¯¶��� x ¶Y�� 45◦, Ù�Ì'Ú
� ��nØ�� 0.583 Ú –47.606◦, ¢�ÿ��
�� 0.435 Ú –43.692◦. ù`²�XÚ^uÿþ�
ÿ1 �&E�E�3�½Ø�. E¤Ø��Ì
��Ïkü�: �´3(½�XÚ¥ 1/4 Å¡�1
¶��Ú �¡�ß1¶����3Ø�, l
�
� (5) ª¥�ëê a1, a2, c1, c2 �¢S�ÚnØ�
�3 �, 3|^ (5) ª?1E�Ì&E�­��
Ñy"?�Ú�Ý�Ã{���Ø��¹, l
�

ã 3 ê�­���ÌÚ� ©Ù (a) x ¶����Ì©Ù
ã; (b) x ¶���� ©Ùã; (c) y ¶����Ì©Ùã; (d) y

¶���� ©Ùã

�K� (10)—(13) ª¥ �&E­��O(5; �
´É-1Ñ��A�K�, ¦�«� A Ú«� B �
1r©ÙØþ!, ù«Øþ!¬��éã 4 ¥�J
�«��²þ��, Ùÿþ�Ø�;�/�)
ù

Ñ�D(&E, l
E¤ÿþ(J� �.

ã 4 Ô1� �ëþ��m©Ù (a) �Ì'�m©Ùã;

(b) � ��m©Ùã; (c) � ��m©Ùã; (d) ýÇ��m
©Ùã

,	, ��±�Ù/w�Å¡>�?� �ë
þ´Øþ!©Ù�, Ó�òTÅ¡w��Vò�0
�, ¯¶� x ¶Y�� θ, � ò´þ� ϕ, �âV
ò�0�� Muller Ý
, 45◦ � �1²LÅ¡�,

Ñ�1�8�z Stokes ëþ�L«�

S =


1 0 0 0

0 cos2 2θ + sin2 2θ cos ϕ (1 − cos ϕ) sin 2θ cos 2θ − sin 2θ sinϕ

0 (1 − cos ϕ) sin 2θ cos 2θ sin2 2θ + cos2 2θ cos ϕ cos 2θ sinϕ

0 sin 2θ sinϕ − cos 2θ sinϕ cos ϕ




1

0

1

0



=


1

(1 − cos ϕ) sin 2θ cos 2θ

sin2 2θ + cos2 2θ cos ϕ

− cos 2θ sinϕ

 =


S0

S1

S2

S3

 . (15)

�\ (10)—(13) ªò¬uy, Ô1��� �ëþ,

�)�Ì'!� �!� �ÚýÇ�, þ��Å
¡�� ò´þk'�ëþ. Ïd, >��þÝC
z, �Úå
ù
 �ëþ�m©Ù�Øþ!.
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êiÓ¶�EXÚ�l¶XÚ�', Ù`³�
�3uÓ¶�EXÚ¥Ôë1�Y�� 0◦, ÃL
�ÄÉ CCD k��©Eå���Ôë1���Y
�, 3XÚþ�¢y�ålP¹Ú2yÔN&EJ
ø
�U. ¢�¥, Ó�æ^ �¡Ú 1/4 Å¡|
Ü¤�ÔN���¬, Ô¡� CCD ¡�P¹ål
� 100 cm, ¢�¤��üR�©þ��ÌÚ� ©
ÙXã 5 ¤«.

ã 5 P ¹ å l � 100 cm ê � ­ � � � Ì Ú �   © Ù
(a) x ¶����Ì©Ùã; (b) x ¶���� ©Ùã; (c) y

¶����Ì©Ùã; (d) y ¶���� ©Ùã

lã¥E�±�Ùw� A Ú B ü�«��Ì
Ú� �©Ù�¹, �Å¡�>��Cålÿþ�
��
�
. �â1Æû�nØ, êi�EXÚ�
��u�û�É���Z¤�XÚ, 2y���þ
Ø�;�/ÉTXÚD4¼ê�°���. éu�

½�¢�XÚ, P¹ål��, TXÚ�óÀ�A
¼ê�°ÝO�, 
D4¼ê�Ì°~�, ù«S
3�$ÏÈÅì{N
Ô1pª&E�ÏL, l

K�
ã��[!2y. Ïd, 3æ^Ó¶�EX
Ú¢y�ålP¹2y�, �IÓ��ÄXÚ��
D4¼ê�°é���K�, l
ÀJ�`�P¹
ål. l¢�(J�±wÑ, �¢�3�{þ�Ñ

Ó¶�E"?�Ú�Ý��î­­Uù�"�,

3¢�XÚþu�
Ó¶êi�E3XÚ5U�
¡�(¹5Ú�ö�5, k�/¢y
 100 cm �
ålÔN� �¤�.

5 ( Ø

Äu Stokes ëþ{, JÑ�«#�êi ��
E¢��{. ¢�|^�å� �1Ú�åý�
 �1��ë�1©O�Ô1?1Z�, é �¡
Ú 1/4 Å¡|Ü¤���É5ÔN?1©Û, ¼�
Ô1� Stokes ëþ, ��Ô13ü�R���þ�
E�Ì©Ù, ±93ùü���þ��Ì'!� 
�!� �!ýÇ���m©Ù&E, ¢yé �
ÔN� �A5ïÄ. �XÚæ^Ó¶1´, �Ô
1Úë�1Ñ´²¡Å, �±¢y�ålÿþ, ®
²¤õ¢y
 100 cm �ÿþ; T�{3?1êi
­��, �Ø"?û��Ú�Ý��Z6, ¤��
þ�Ð, �·^uÓ¶�E. �l¶êi ��E
Eâ�', TEâ�¿©|^Ó¶�EXÚp©E
Ç!$Ñ�D(!�À|�`:, ¢yêiÓ¶�
E� �¤�ïÄ.
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Abstract

A new method of polarization imaging, based on Stokes parameter, is proposed by digital in-line holography. The idea is to

reconstruct the spatial distribution of polarization state of light transmitted through anisotropic objects using a linearly polarized beam

and an elliptically polarized reference beam. Stokes parameters of object wave are obtained and the distribution of polarization can

be determined uniquely by obtaining digital holograms in both orthogonal orientations and measuring the information about amplitude

and phase of object wave in these two directions. The results show that the method can be used to measure the polarized properties of

objects. In addition, it is applicable to both in-line and off-axis holography, because it can remove a zero-order and conjugate image

components while acquiring Stokes parameters of object wave.

Keywords: digital holography, polarization, Stokes parameters, anisotropy

PACS: 42.40.Kw, 42.25.Ja

† E-mail: tangzhl@scnu.edu.cn

104202-7


