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g^1f�üg^>f��Ú, 
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1g^¿��A. 3�C�ïÄ¥, ·��¢y

î8�����1åg^©þî�©�� [9]: 1å
3ÙVdA�NC����)�1g^¿��A
¥k�� 3200 nm �g^©��, ��uò�1g
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2 1åDÑ�.��� ��A

�Ä�\�pd1å3 z = 0 ?u)��,

Ù\��IX� xiyizi , \�¡� xoz ²¡­Ü,

Ó�·�^ xryrzr �L���IX, Xã 1 ¤«.

�Ä�� �pd1å÷ zi ¶���DÑ, 1|
¥ zi = 0 ?��ÌL�ª�

Ẽi

(
kix, kiy

)
=

1√
2π

w0 exp

−
w2

0

(
k2

ix + k2
iy

)
4

 ,

(1)

Ù¥, w0 �å�°Ý, kix Ú kiy ©OL«Å¥3 x

Ú y ���©þ. |^�IXm�C�, ����
|3�IX xryrzr S��ÌLã [9]

ẼH
r

ẼV
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 rp
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−
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k0
rs


×

ẼH
i

ẼV
i

 , (2)

Ù¥, k0 = 2π/λ L«Åê, λ L«Å�, θi �\�
�, rp, rs ´�r���Xê,

rp =
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√
n2 − sin θ2

i

n2 cos θi +
√

n2 − sin θ2
i

,

rs =
cos θi −

√
n2 − sin θ2

i

cos θi +
√

n2 − sin θ2
i

,

(3)

Ù¥ n �ò�Ç. ÏL�Fp�C������|
�L�ª

Er (xr, yr, zr)

=
∫

dkrxdkryẼr (krx, kry)

× exp [i (krxxr + kryyr + krzzr)] , (4)

Ù ¥ krz =
√

k2
0 −

(
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)
. Ú \ � ¶ C q,

ò krz � � V Ð m ¿ � 3 c ü �, � � krz =

k0 −
k2
rx + k2

ry

2k0
, (Ü (4) ª�±��

Er =
∫

dkrxdkryẼr (krx, kry)
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[
i
(

krxxr + kryyr −
k2
rx + k2

ry

2k0
zr

)]
.

(5)
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ã 1 pd1å���)�� ��A�AÛ�. (²1
 ��\�1÷ zi ¶±\�� θi \��.¡ xoy þ, �
�1÷ zr ¶DÂ, ��1Qk²1 �©þqkR� �
©þ. R� �1\��kaqy�. �R� �1\�
�, ��1QkR� �©þqk²1 �©þ)

· � ? Ø 1 å ± ² 1   � \ � � � ¹,

� ẼV
i = 0, d (2) ª��

ẼH
r = rpẼH

i , (6)

ẼV
r = −

kiy (rp + rs) cot θi

k0
ẼH

i , (7)

2ò����Ì ẼH
r Ú ẼV

r ©O��Fp�C�,

Ó�A^�¶Cq, �±����1|DÑ� zr ?
�L�ª

EH
r =

1
2π

∫ +∞

−∞

∫ +∞

−∞
rpẼi

(
kix, kiy

)
× exp

[
i (krxxr + kryyr) − i

k2
rx + k2

ry

2k0
zr

]
× dkrxdkry, (8)

EV
r =

1
2π

∫ +∞

−∞

∫ +∞

−∞
−

kiy (rp + rs) cot θi

k0

× Ẽi

(
kix, kiy

)
× exp

[
i (krxxr + kryyr) − i

k2
rx + k2

ry

2k0
zr

]
× dkrxdkry. (9)

dFp�1Æ¥�²¡�ÌnØ, pd1å�±w
¤÷ØÓ��DÑ�²¡Å�U\. �3�¶Cq
�cJe, |¤pd1å�ØÓ²¡Å�mÅ¥�
�����, �±ò rp 3 kix = 0 ?��VÐm¿
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]
. (10)

'� (8) ªÚ (9) ª, ��ò rp ��VÐm�K
�'����´ (8) ª, ò (1), (10) ª�\ (8) ª,

��
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1
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−∞
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)
4
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× exp

[
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k2
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2k0
z

]
× dkrxdkry, (11)

d�, du�� �©þÉ��K���, ÙrÝ
�±Cqw¤�±��. I��Ñ�´, XJ\�
�3ÙVdA�NC, 7Lò rp ��VÐm?n.

�\��Ø3ÙVdA�NC�, ��Xê�3"
�=�éÐ/£ã��1�DÑ1�.

EH
r =

1
2π

∫ +∞

−∞

∫ +∞

−∞
rpẼr (krx, kry)

× exp

[
i (krxx + kryy) − i

k2
rx + k2

ry

2k0
z

]
× dkrxdkry, (12)

EV
r =

1
2π

∫ +∞

−∞

∫ +∞

−∞
−

kry (rp + rs) cot θi

k0

× Ẽr (krx, kry)

× exp

[
i (krxx + kryy) − i

k2
rx + k2

ry

2k0
z

]
× dkrxdkry, (13)

Ù¥

Ẽr (krx, kry) =
1√
2π

w0 exp

(
−

w2
0

(
k2
rx + k2

ry

)
4

)
.

(14)

ùlnØþy²
�²1 �1²L0�.¡�
��, ��1�¹²1 �©þÚ�Ì�é���
R� �©þ. R� �1\���¹�±?1a
q©Û.

3ïÄ1å�DÑ¯K�, I��Ä1|�¥
þA5 [13−15]. e¡·�©Û�� ��A¥¥þ
|�©Ù�¹. Ï�ÙVdA�NC�1g^¿
��A´��wÍ�, ��Bé'·�À�\��
Ý 54◦, 55◦, 56◦ �[�)��� ��A. ã 2 £
ã
²1 �1\����1��� ��A, �
�ÞL«T:�>|��. ã 2(a) Ú (d) ©O´\
��� 54◦ �, ²1 �\�1���)�²1 
�©þÚR� �©þ; (b) Ú (e) ©O´\��
� 55◦ �, ²1 �\�1���)�²1 �©
þÚR� �©þ; (c) Ú (f) ©O´\��� 56◦

�, ²1 �\�1���)�²1 �©þÚR
� �©þ. �±w�, � �����1|r©
Ù�\�1�|r©ÙÄ���, =pd©Ù, X
ã 2(a)—(c). �X\���O�, � �����
1rÝ¥Åì~f�ª³. �� �©þ�±
�
��Ó�|r©Ù, Ñ�C¤�
ü�'uY²�
�é¡�1�, �é¡:�|r����, ���
�, Xã 2(d)—(f). dd�«
�� �y��¥
þ|A5, AO´¥þ|���5.

À � \ � � Ý 54◦, 55◦, 56◦ ï Ä � �   �
y� �, � � 1 ¥ � �   � � � © þ Ú � �  
�©þk�o����'XQ? ·�-DÑå
l zr = 250 mm, �Ñ xr = 0 ?�|r©Ù, ±&
?\�� θi é��1|r©Ù�K�. ��(JX
ã 3 ¤«. lã¥�±wÑ, ²1 �1���)
�� ���©þ�é�r, �� �©þ�é�
f. � ���©þ�rÝ©Ùaqu\�1�p
d©Ù, 
�� �©þ�rÝ©Ù´ü�é¡�
©�1�. � ���©þ�rÝ�X\���O
�
~�, Xã 3(a). �� �©þ�rÝ�X\
���O�
O�, Xã 3(b). ù�ã 2 ¥�(J
´p�<y�, ¿3ã 2 �Ä:þ?�Úé�� 
�y��¥þ|A5�
½þ©Û.

3 1 g ^ ¿ � � A � ¥ þ | �
¢��y

3?¿�½²¡ za = const ��¹e, 1å�
%î£�±L«�

∆yr =

∫∫
Ẽr i∂kry Ẽ∗

r dkrxdkry∫∫
ẼrẼ∗

r dkrxdkry

. (15)
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ã 2 ²1 �\�1���)��� ��A (ò�Ç n = 1.515, Å�� 632.8 × 10−6 mm, ���»
� 18.66 × 10−3 mm, DÑål� 250 mm) (a) Ú (d) ©O´\��� 54◦ �, ²1 �\�1���)�²1 
�©þÚR� �©þ; (b) Ú (e) ©O´\��� 55◦ �, ²1 �\�1���)�²1 �©þÚR� �©
þ; (c) Ú (f) ©O´\��� 56◦ �, ²1 �\�1���)�²1 �©þÚR� �©þ
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ã 3 \�� θi é��1|r©Ù�K� (ã¥:J�!áJ�!¢�©OL«\�� θi � 54◦, 55◦, 56◦, p¶
L«��1rÝ) (a) ã�²1 �1����)�²1 �©þ; (b) ã�²1 �1����)�R� �©þ,

=�� �©þ

CCD

He-Ne Laser Lens1

Lens2

GLP1HWP

GLP2

P
rism

xi

zi

yi

yr

zr

xr

PC

GLP1

GLP2

ã 4 �y��1�3�� ��A�¢�C�ã (He-Ne Laser, He-Ne -1ì, õÇ 17 mV, Å� 632.8 nm; HWP, �
Å¡, ^uN!1r; Lens1 Ú Lens2, �å©O� 50 mm Ú 250 mm �ßº; GLP1 Ú GLP2, �=-1 �º; Prism,

cº, ò�Ç n = 1.515; CCD, >ÖÍÜ��, ^uuÿ1r;PC, O�Å, ^u©Û¤�êâ)

�â (6), (7) ª¥��ÌL�ª, �±��Xe'
X:

ẼV
r

ẼH
r

∝ cot θi

(
1 +

rs

rp

)
. (16)

ò (15) ª ¥ � î £ L � ª Ð m �, î £ Ñ
y cot θi(1 + rs/rp) � [9], � (16) ª�mà�Ó.

· � ò � �   � © þ � �   � � � © þ � '

� (ẼV
r /ẼH

r ) ½Â��� ��A�rÝ. l (16)

ª�±wÑ, �� ��A�rÝ�'u1å­%
�î£, �é{`, 1g^¿��A¬�X�� 
��A�Or
Or. ddJÑ�«Or1g^¿
��A��{: ��3O� ẼV

r �Ó�~� ẼH
r ,

O � � �   � � A, Ò � ± ¼ � � r � 1 g ^
¿��A.
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ùp·�æ��«{B´1�¢��{�y
þãnØ��(5. ¢�C�Xã 4 ¤«, He-Ne

-1ìuÑ� �1, ÏL�Å¡N�\�1�
 ��l
�� CCD þ�Â�-1�rf, ±
(� CCD þ�Â��1r3#N��S; �= 
�º 1 ��= �º 2 �ß1��p�R�, ±
d5uÿ�� �1; �= �º 1 ��= �
º 2 �ß1��p�²1, ±d5uÿ� ��
���1 (d�1r�r, |^�Å¡P~Ü°

1r); ��ßº 1 à�, ßº 2 O�1å. ÏL
¢�, ·�5uÿ²1 �\�1���)�²
1 �©þÚR� �©þ. N� GLP1 ÈØ²
1 �1±	�1�, ��²1 �\�1, 2N
� GLP2 ÈØR� �1±	�1�, 3 CCD þ
��²1 �\�1��¤p��R� �1,

=�� �1. ,��± GLP1 ØÄ, N� GLP2 È
Ø²1 �1±	�1�, CCD þ����1¥�
²1 �©þ.
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HEr↪  θi/O HEr↪  θi/O HEr↪  θi/O

ã 5 nØ¢�é'ã (a) L«nØþcº.¡�� �©þ�%î£ (¢�Ú:J�©OL«ü����� �
©þ, ¢%�Ú�%�L«ü�� �©þ�%î£�¢ÿ�); (b) Ú (e) ©O´\��3 54◦ ���1�²1 �
©þÚR� �©þ; (c) Ú (f) ©O´\��3 55◦ ���1�²1 �©þÚR� �©þ; (d) Ú (g) ©O´\
��3 56◦ ���1�²1 �©þÚR� �©þ

·�r1å�%î£�nØ(JÚ¢�(J
�3ã 5 ¥?1é'. ã 5(a) ¥�¢�Ú:J�©
O�Lü���� �©þ�1å�%î£, �±
wÑ, �\��ÅìO��, 1å�%î£ØäO

\, =1g^¿��AwÍOr. d��� ��
A�rÝ�AT��Or, ½5�N3 EV

r ÅìO
�Ú EH

r Åì~�þ. ã 5(b)—(g) l¢�þ�y

ù�ª³. l,���Ý5`, ± 54◦, 55◦, 56◦ Åì
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O�\���, ¢�ÿ�ã 6(b)–(d) ¥ EH
r Åì~

�, ã 5(e)–(g) ¥ EV
r ÅìO�, �� ��AOr.

�� ��ArÝ�O\½þ��N3ã 5(a) ¥
¢%�Ú�%�þ, ¢%�Ú�%�©OL«ü�
��� �©þ�%î£�¢ÿ�. ½þ©Û�n
Ø�m����O´duÙVdA�NC1rÅ
ì~f�B�þ?, �� CCD Ã{�~�A, l

�)ÿþØ�. �\��O��, �� ��AO
r, 1g^¿��AOr, �)ù�y�����
Ï´�\��O��, rs/rp �O\��
 ẼV

r /ẼH
r

�O\, �ªOr
1g^¿��A. ÏL�� 
�J,��1å­%î£wÍOr, ù�N��{
�1g^¿��A3°�ÿþ!1fì��+�
�A^Ðm
2,�cµ. 31Æ¥�1å £y
�Ø=�u1g^¿��A¥�1å­%î£, �
�)�d - ÇÜ £�k�y�, §�Ó�kX2

��A^cµ [16].

4 ( Ø

Äu²¡�ÌnØ, ïá
£ã1g^¿��
A��¶DÑ�., �«
1g^¿��A¥��
� �A5. ïÄL²: pd1å\��0�.¡
�, ¬�)�� ��A, �� ��A�rÝ�
1g^¿��A�rÝ¤�', dd·�JÑ�«
N�1g^¿��A��{, =ÏLOr�� �
�A5J,1g^¿��A. ��, ·�3ÙVd
A�NC?1
¢�, �\��ÅìO��, ��
 ��AÅìOr, 1g^¿��A���Or.

O��� ��±wÍJ,1g^¿��A, ù�
N��{éï�Äu1g^¿��A�#.1f
ì�kX­�¿Â.
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Abstract

From the angular spectrum theory of beam, we obtain a transmission model in the paraxial approximation which describes the

spin Hall effect of light, and we use this model to analyze the cross-polarization characteristics in spin Hall effect of light. By analyzing

the change of cross-polarization intensity and incident angles we find that the spin splitting in spin Hall effect of light becomes stronger

when cross-polarization effect is stronger. In order to facilitate the experimental observation, we choose the incident angle near the

Brewster angle where it’s spin Hall effect of light is much more evident, and from where we observe a strong cross-polarization effect.

If we increase the cross-polarization components and reduce the light of original polarization direction at the same time, the spin Hall

effect of light can be greatly enhanced. This is a promising method to develop new optical devices based on spin Hall effect of light.
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