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Analysis and Calculation of Mathematical Model of
Long-wavelength Infrared Polarization Detection

LIU Yu-xuan, GU Ming-jian

(Shanghai Institute of Technical Physics, Chinese Academy of Sciences, Shanghai 200083, China)

Abstract: To study the mechanism of long-wavelength infrared (LWIR) polarization detection, a math-

ematical model is established for the detection system according to its actual detection structure. Various

factors in the structure are analyzed theoretically and calculated mathematically by using the related for-

mulas. The influence of the components in the model on the final polarization detection result is obtained

and the corresponding methods and measures for improving the detection precision of the whole system

are proposed. The mathematical model and theoretical analysis result provide a certain theoretical basis

for the study of the whole LWIR polarization detection system and provide referential data for the further

experimental verification and practical application.
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f =
d

R
· L (1)

/**"��
�2&� 50 mm ��
$-

�����
�2& l � 20 mm �

)��&���"#�$6%!�!��

''73�4/0��$��
�����

��%�

3 1 456789:

01( R 0.02 m

825) L 50 m

3459 λ1 ∼ λ2 10∼12µm

82:6 T 300 K

3 2 ;<6=>?@9:

;*< 256×256
82*

;*78 d 20µm

78 a 0.02 m
92+:

;6,( εo 0.8

(7=) -+6 0.02

-+8 30◦

Æ>.9 Dl 20 mm

�: ?;( τl 0.9

;6,( εl 0.1

Æ>.9 Dp 10 mm

-+/ ?;( τp 0.5

;6,( εp 0.5

:@,9 Dt 30 mm
:@

;6,( εt 0.99

2 AxyzÆ{
2.1 /0�B

�, 1	-��#�
��������

� (Io) ��*�*"���� (Il) %���

���� (Ip) %"+���� (It) ����.

�����#$�%�0�����%��

+����.���

<$�
��()��������*

"%���
"+()���1��

�
���2 Io 	�.�� [1]

Io = Ion + Iop (2)

3�� Ion ��1�2<� Iop �A4���

2<���<-/=3�

P =
Iop

Ion + Iop
(3)

/05'$-��
�� �� 30◦ ��


��<� 0.02 �	�B) Ion=49Iop �
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I = Ionτlτp + Iopτl cos2 θ + Ilτp + Itτp + Ip (4)

3�� θ �A4����? �����!

� �@A�

''4��/0�$$-��&3 (4) �

������

2.2 5C6D

���&�������E�<7�'�

�=3 [2] �

( 1 ) /0=>?��-:�����@<

W �

Wλ =
2πhc2

λ5

1
ech/λKT − 1

(5)

3�� Wλ ��A����@<��@F�

W·cm−2·µ−1 � T ��< K � c ��Æ��8

� 2.997925×1010cm·sec−1 � h �=>?�"��

8� 6.6256×10−34W·sec2 � k �AB9B�"�

�8� 1.38054×10−23W·sec·K−1 �

( 2 ) �C<=3

N =
ε

π

∫ λ2

λ1

Wλdλ =
ε

π

∫ λ2

λ1

2πhc2

λ5

1
ech/λKT − 1

dλ

(6)

( 3 ) ��Æ7=3

P = N · A · Ω · cos θ2 (7)

3�� A �
����##G'B� Ω �


���DC�0A� θ2 �
���D:�

��DH �@A�

2.3 ;<E
=F5C

/03 (5) % (6) % (7) �����$,"

$-�	�&�
���C<�

N0 =
ε0

π

∫ λ2

λ1

Wλdλ =
ε0

π

∫ λ2

λ1

2πhc2

λ5

1
ech/λKT − 1

dλ

(8)

��	C/ N0=15.246 W·m−2 �

���
��EF a 
*"ED Dl >>

7�6?2& L ���	�E$�6�7'

�0F��DH,��'�'B
522&�

,�����Æ7�

P0 =
N0a

2π(Dl

2 )2

L2
(9)

	C/ P0 =7.664×10−10 W �

4�
�����C��1���
A

4����/03 (3)	F/ Pon=7.51072×10−10

W � Pop=1.5328×10−11 W �

2.4 GH=F5C

/03 (5)% (6) % (7) �����$,"

$-�	�&*"�C<�

Nl =
εl

π

∫ λ2

λ1

Wλdλ =
εl

π

∫ λ2

λ1

2πhc2

λ5

1
ech/λKT − 1

dλ

(10)

	C/ Nl=1.906W·m−2 �

*"��
�0F��DG�$��


�?;��@D� Dl AI��'����

�,�3��

Pl =
∫ 2π

0

∫ Dl
2

0

Nlf
2rd2

(f2 + r2)2
drdϕ (11)

	C/ Pl=9.211×10−11 W �

2.5 IJK=F5C

/03 (5)% (6) % (7) �����$,"

$-�	��&����C<�

Np =
εp

π

∫ λ2

λ1

Wλdλ =
εp

π

∫ λ2

λ1

2πhc2

λ5

1
ech/λKT − 1

dλ

(12)

C/ Nl=9.529 W·m−2 �

�����
�0F��DG�$��


�?;��@D� Dp AI��'���

��,�3�

Pp =
∫ 2π

0

∫ Dp
2

0

Nll
2rd2

(l2 + r2)2
drdϕ (13)

	C/ Pp=7.044×10−10 W �

2.6 HL=F5C
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/03 (5) % (6) % (7) �����$,"

$-�	�&"+�C<�

Nt =
εt

π

∫ λ2

λ1

Wλdλ =
εt

π

∫ λ2

λ1

2πhc2

λ5

1
ech/λKT − 1

dλ

(14)

C/ Nt=18.867 W·m−2 �

*"��
�0F��DG�$��


�?;H�
�**"I2&�<��G

GJ��'���

Pt =
∫ f

l

NtπDtd
2x2

[x2 + (Dt

2 )2]2
dx (15)

	C/ Pt=1.32×10−8 W �

2.7 MNIJOP5C
/0"'�&�"+��8K���

��H6��I��1�#�
�����

�JH����
��J"+�������

"#�
/*3�"+��	
�����

�
�5 KKI�Æ�</"+��LL

M*�
�I&	��"+�����

*"����I��J�����LL�

$B�Æ�CN��������

��JH"+��.��#�
�4

��&�

I = Ionτlτp + Iopτl cos2 θ + Itτp + Ip (16)

/0 Stokes ,"-/ [3] �3E���
� 0◦ %

45◦
 90◦K� ��2	
�+	B&) s0 %

s1 
 s2 �

s0 = I0 + I90 (17)

s1 = I0 − I90 (18)

s2 = 2I45 − I0 − I90 (19)

5'$-����A4����� ��

30◦ ���	�B/�

s0 = 2(Ponτlτp+Plτp+Pp)+Popτl(cos2 30◦+cos2 60◦)

(20)

s1 = Popτl[cos2 30◦ − cos2(30◦ − 90◦)] (21)

s2 = Popτl[2 cos2(−15◦) − cos2 30◦ − cos2(−60◦)]

(22)

O#5,"8��&/*K���,"��

�� s0=2.191×10−9 W � s1=6.898×10−12 W �

s3=1.195×10−11 W �

/0��<
�� FA�&=3�	

���F/��<
��A�

��<�

P =

√
s2
1 + s2

2

s0
(23)

��
/��<� 0.6298% �

��<5�MP�

δp =
|0.006298− 0.02|

0.02
× 100% = 68.51%

�� FA�

α =
1
2

arctan(
s2

s1
) (24)

��
/�� FA� 30◦ ��� FA5

�MP�

δα =
|30◦ − 30◦|

30◦
× 100% = 0%

3 Æ{|}Q~
3.1 5CDE�B

H"N�&��	�(O���<5�

MP�������&Q�F#�*"�

��������L�����8��
��

��I����I"�LF#���MP��

�&�� FAQ���&��3��


��!�A4��������,����M

G%�* �
����A<�

N1��<MPH���*"
���

����I$����PH�
G%Q�O

R3����6��� �

�MP
���	��������NJ�

O�7Q$SR��
�
���TK�N	

�<�
�UVJI���S�>P���

�����

<�7Q$SR����
�
���T

K�4�<NJ� 100 K�/0=3 (20)%(21)%

(22) 
 (23) 	�&)��< p=1.76% �

��<5�MP�

δp =
|0.0176− 0.02|

0.02
× 100% = 11.8%

	-���W�������.��
G%<

�TLPH��
MPH��*"�(��

F#�
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3 3 RSTUV76WXY:6ZX[\

92+:QR-+6 2R-+6 SXUY VXUY

0.50% 0.4409% 0.0591% 11.82%

1.00% 0.8191% 0.1181% 11.81%

1.50% 1.3229% 0.1771% 11.81%

2.00% 1.7638% 0.2362% 11.81%

2.50% 2.2048% 0.2952% 11.81%

3.00% 2.6457% 0.3543% 11.81%

3.50% 3.0867% 0.4133% 11.81%

4.00% 3.5277% 0.4723% 11.81%

4.50% 3.9686% 0.5314% 11.81%

5.00% 4.4096% 0.5904% 11.81%

- 2 QR-+6T2R-+6Z;U

3.2 ;<E
IJMN]^

�
��!���WQS�� �
V

<��1W�O(�� ([%X+) ��<7

� 0.5% �YSTS%UZ+����<X�

0.5% ∼ 1.5%0F�['%[VJ'%\]+��

��<�� 1.5%[4] �'.��Y-�< 300 K

'��
�������<'���
���

���@Z�K��
��MP��<


�
��<�7,.��P6?�P (-,

2) �

��&��	-��5�#���Æ7

WX'�\Q�
����<PH�[�MP

�R�R��

3.3 MN_MSTN]^

3 4 45`abcdZX[\6ef

:6^ K _ QR-+6 82-+6

297 2% 1.7730%

297.5 2% 1.7715%

298 2% 1.7699%

298.5 2% 1.7684%

299 2% 1.7669%

299.5 2% 1.7654%

300 2% 1.7638%

300.5 2% 1.7623%

301 2% 1.7608%

301.5 2% 1.7592%

302 2% 1.7577%

302.5 2% 1.7561%

303 2% 1.7546%
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MP
����
���<��UVY

-����-`]Y(�	?>$������

6%��
�SRQ$���J*����*"

���(��-Q<�(���>$�. 4�

���<	?� 300 K a 3 K WX'���<

�
��>$�

H"'��	-�\Q���<	?��

6 K �<>$`]Y��
��<>$`]

� 0.0184%��	?�Z�7��-�
\	

��U][�

4 |�
!!^4����	�����
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