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Analysis of polarization characteristic of Newton
telescope with common-path heterodyne method

ZHANG Xu-guo, JIANG Yue-song, LI Fang

(School of Electronics and Information Engineering, Beijing University

of Aeronautics and Astronautics, Beijing 100083, China)

Abstract; The polarization characteristic of Newton telescope is analyzed with the common-path
heterodyne interferometry. The reflectance formulas of both s-polarized light and p-polarized
light incident on each point of the telescope were derived based on the Fresnel law. The
schematic diagram of the experimental setup for measuring phase difference and analyzing the
polarization characteristics of Newton telescope with the common-path heterodyne
interferometry is given. The influences of Newton telescope on s-polarized light and p-polarized
light reflectance, phase difference and incident light polarization degree are analyzed with 632. 8
nm heterodyne laser source. The curves corresponding to reflectance, phase difference and
polarization degree at different incident angles were drawn. The results show that the Newton
telescope coated with aluminum produces little influence on the polarization characteristic of
incident light, the reflectance difference between s-polarized and p-polarized lights is less than
0. 01, and the variation range of the polarization degree is less than 0. 07. Therefore, it is
suitable for the receiving subsystem of the laser remote polarization imaging system.

Key words: optical measurement; common-path heterodyne; reflection coefficient; phase

difference; polarization degree

:2007-09-03; :2007-09-24
(40571097) ; (2005ZF51073)
(1982—), s s o
E-mail: zxg 1tt@163. com



* 680 » 2008,29(5) s

(1'1 * Vi 921)91’1207

,  =tan”' ' (2
i=tan P oy

, 2 2p
’ 2 \
G| £V at+1]
) P 2 2
—0,=90°—sin (3)
|:l:| o 2 2 ]) :
in+yi+ z —?J
2] (yyz) ’ <0, ig
) .0, (
) ; Do
S- p-
~ Y b [5]
, y __nfcosi— v/n*—sin’ )
" ntcos i+ vn®—sin%
[3-4] y ~ cosi— v/n*—sin% 5)
" cos i+ vn*—sin%
’ Y=yl (6)
YE=Y, 7} (D)
s V) 7.? S-
o 3 V7 p-
R ) 7
1 s
’ ’ n .o =ntik, () (D
’ . , 4) 7.7, 1. (6)
i . %)
(X,,,Vv,z‘_) _.';1 E 7/}2 :eu?\ , y})z :e”?/’ (8)
. o _ > 0 s- 3 0,
(M
_—12 ! p’ 5 S- p,
(x292.75) ‘ n
0=0,—0, 9
1.2
1
Fig. 1 Schematic diagram for reflected rel,
beam path of Newton telescope
Py =2p=z (D 2 s s

(y’z) 45° ° Z ’ ( )



2008,29(5) P * 681 -

Beam
splitter

Heterodyne
light source 7

Lens

Pin hole

I

Reflectance

Lens

Newton ,
telescope : poSl'nbn/rz_SO’ 100
J

0
-50 .
-100 D\, pos'\\'\o“““m

= Analyzer

Lens ¢ The reflectance of s-polarized light

Analyzer C5H

_—
=4 Detector

Detector

coooo
O O O O O
DN DD
AV e N - )

Reflectance

100

50
0(\\](“‘“

Zpoe . 0 .
Sity, —50 =
g, =100 100 5?905’\(\

The reflectance of p-polarized light

2
Fig. 2 Schematic diagram of experimental setup
p- S-
, C B )

b p—
S- Fig. 3 Effect of each point of Newton telescope
primary mirror on s-polarized light and p-

polarized light

Phass difference caused by the primary mirror of Newton telescope

S- pP- ) -3.140
=3.145

S- p- o -3.150
-3.155
-3.160
-3.165
-3.170
-3.175
-3.180
-3.185

-05-04 -03-02-01 0 01 02 03 04

Phase difference/radians
T — T

2.1 Incident angle/radians
632. 8 nm ,
S- p- s
s 4
( 632. 8 Fig. 4 Phase difference caused by
am , n—=1.25-47.50) different incident angle
R 3 3 s ,
144 mm, 180 mm. (1) v > ’
1 2 ) s 0.01, S- p-
zzm(x +3%) , .
(—72<a<{72; — T2 y<<72) aom 4 s
2 3 6 (D - ) S- p-
p- s b s
3 o , ; s



* 682 2008,29(5) s

° 5 EOJ Eo; 2
s i R 3 0 o
° 28— p- 2 2 2
p _NSiHSi+S] (12
S _ d —
N S p ‘ S,
3 , Stokes
o b
' 22 2 T2
° S, (7 01+7/)Eoy
! 2 102 2 12
2.2 / S, rilt, —ri kR,
S'=||= o (13)
Stokes s S, 2r 7 By E,cosd
. [s] , I
Stokes S, 27'.37'/>E<)rE<)ySln 0
Sy ES,+EE, 6) (7 a2 (13)
5 9 >
S Sl Eoi_bo)v (11) [(1'0 ’
S, 2E,,E,cos0 12> (13 s
S, 2FE,E,sind 1, P(P<1)
: So H 51 ’
5 S, +45° 3 S 5 o
0.7348 0.6585
0.7347 - 0.6580
s 2
2 )
S 0.7346 206575
g g
2 0.7345 806570
k= =
o =3
0.7344 = 0.6565 |
0.7343 L 0.656 0 L
-0.5 0 0.5 -0.5 0 0.5
I“Cic_lcnt angle i/radians Incident angle i/radians
Polarization degree at 0.8 Polarization degree at 0.7
0.5815 05135
0.5810 05130 |-
3
)
2 05805 05125
g
T 0.5800} 05120 F
5
=
= 05795 05115 |
0.5790 ! 5110 L
-0.5 0 0.5 03 20,5 0.5
Incident angle i/radians Incident angle i/radians
Polarization degree at 0.6 Polarization degree at 0.5
5
Fig. 5 Variation of polarization state caused by Newton telescope
-
o) ) ) ’

0.07,



2008,29(5)

* 683

[1] CHIPMAN R A. Polarization analysis of optical

(2]

[3]

systems[ ] ]. Optical Engineering, 1989, 28 (2): 90-
99.

[l .2007,28(3) : 358-362.
ZHAO Yi-ming, JIANG Yue-song. Depolarization
characteristics of scattered light emitted from

spherical particles [ ] ]. Journal of Applied Optics,
2007,28(3):358-362. (in Chinese)

[JJ. . 2002,28(2)
221-224.

(4]

L6]

[7]

(8]

ZHAO Hui-jies ZHANG Guang-jun. Factors affe-
cting the precision of heterodyne interferometer[]].
Journal of Beijing University of Aeronautics and
Astronautics, 2002,28(2):221-224. (in Chinese)

(1l ,2007,27(5) :889-892.
MA Zong-feng, ZHANG Chun-xi, ZHANG Chao-
yang, et al. Signal-noise ratio in optical heterodyne
detection [J]. Acta Optica Sinica, 2007,27(5): 889-
892. (in Chinese)

, . (M.

,1999.
YU Dao-yin, TAN Heng-ying. Engineering optics
[M]. Beijing: China Machine Press, 1999. (in
Chinese)
CHIU M H, SU D C. Angle measurement using
total-internal-reflection heterodyne
[J]. Optical Engineering, 1997,36(6):1750-1753.
VAN STRYLAND E W, WILLIAMS D R, WOLEF
W L. Handbook of optics: II [M ]. New York:
McGraw-Hill INC,1995.
COLLETT E. Polarized light .fundamentals and app-
lications[M ]. New York: Marcet Dekker,1993.

interferometry



