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Abstract: According to the extended Huygens-Fresnel principle and Collins formula, based on complex
Gaussian function expansion method, the cross-spectral density formula of elliptically polarized Gaussian
Schell-model beam passing through the rectangular aperture was derived. Meanwhile combined the Stokes
vector theory, the expressions of light intensity, the degree of polarization, the orientation angle and the
degree of ellipticity on the receiver plane were studied. Furthermore, the effects of diaphragm aperture
obscuration ratio on the light intensity, the degree of polarization, the orientation angle and the degree of
ellipticity were analyzed. The results show that the light intensity and polarization properties of polarized
Gaussian Schell-model beam passing through the aperture exhibit variation with oscillations, and effects
of aperture obscuration ratio on them are drastic, especially in the near-field region. Besides, with the
increasing of the transmission distance, effects of the aperture on the light intensity and polarization
properties are reduced.

Key words: Aperture; Aperture obscuration ratio; Gaussian Schell-model beam; Elliptically polarized;
Propagation and transformation

OCIS Codes: 260.5430; 140.3295; 050.1220; 220. 2560

Foundation item: The Scientific Research Program Funded by Shaanxi Provincial Education Department (No. 14JK1350), the Natural
Science Basic Research Plan in Shaanxi Province (Nos. 2012JM8008, 2013JQ8018), the National Natural Science Foundation of China
(No. 61308071) , the funded projects of the Natural Science Special of the Department of Education in Shaanxi Province (No. 2013JK0633) ,
and the open foundation of Shaanxi Key Laboratory of Photoelectric Measurement and Instrument Technology
First author: LIU Jun (1964-), female, professor, M. S. degree, mainly focuses on photoelectric instrument design, optical design and the
propagation and transformation of laser beams. Email:junliul990@163. com
Corresponding author: CAO Xing (1988-), female, M. S. degree candidate, mainly focuses on optical design and the propagation and
transformation of laser beams. Email: XingCaolove@126. com
Received: Jun. 10, 2014; Accepted: Sep. 3, 2014

http . // www . photon . ac. cn

0126001-1



T o M

0 Introduction

The propagation and transformation of the laser
beam are frontal topics in the field of laser research.
Polarization characteristics is an inherent characteristic
of laser beam, which has an important significance on

[ Some optical

the application of laser technology
systems have high demands on polarization properties

of the

measurement,

beam, for instance, in polarization

polarization  imaging  technology
applications fields and so on, the polarization state of
the light will affect the image contrast when large
numerical aperture imaging. Making a qualitative and
quantitative analysis to the polarization state of light
beam passing through the optical system, can
effectively improve the polarization effect problems
presented in the optical system, so as to improve the
performance of the entire optical system, which is a
certain reference and guidance to optical design. In
addition, in the optical design, the analysis to the
energy of the incident light is a basic transmission
requirement. However, the energy calculation methods
are depend on the polarization states of the beam, and
therefore research on the polarization state of the beam
indispensable part for the light
What' s

regulating the polarization state of the beam is expected

is an energy

transmission in optical system. more,
to generate some new optical phenomenons or effects,
extending and enhancing the performance of the
traditional optical system. Recently, great progresses
of the study of vector beam are achieved, especially in
the field of beam generation, propagation and focusing,
and interaction with other substances, which are
expected to applied in the fields of optical microscopy,
imaging, particle manipulation, optical trapping and
materials processing™ /.

As a
partially coherent light, Gaussian Schell-Model beam

better mathematical-physical model of
(GSM) is depicted with mutual intensity in the space-
time domain or cross-spectral density function in the
space-frequency domain“. Recently, based on Collins
integral formula, a number of researches have been
carried out on all kinds of the beam propagation
problems, which are in the absence of aperture or
neglecting the aperture diffraction effects. JIA Xin-
ting"”’ studied the propagation characteristics of the
axially symmetric polarized beam in free space under
paraxial and non-paraxial approximation, and analyzed
numerically the energy distribution of the beam under
paraxial and non-paraxial approximation. ZHOU Zhe-
hai"* derived the

axisymmetric polarized beam in focus field of free

mathematical expression of

space, and analyzed numerically intensity, phase and

polarization distribution of different types of
axisymmetric polarized light beam in focus field. In
applications, the propagation of laser beam is often
restricted by aperture, so the impact of aperture
diffraction effects on the beam characteristics can not
be ignored. Since professor Emil Wolf proposed the
unified theory of coherence and polarization to
uniformly study the

polarization of the beam™'. ZHAO Ting-jing"?

spectrum, coherence, and
studied the axial polarization properties of GSM passing
through an aperture, but the essay did not take the
polarized GSM into PAN [12)
discussed the far-field characteristics of the partially

account. Liu-zhan
polarized GSM passing through an aperture, however,
the main method is just limited to scalar approximation
theory.

In this paper, according to the extended Huygens-
Fresnel principle and Collins formula, based on
complex Gaussian function expansion method, the light
intensity and polarization characteristics of elliptically
polarized GSM diffracted by the aperture are calculated
numerically. The effects of the aperture obscuration
ratio and wavelength on the light intensity distribution
are analyzed. Finally we discussed the effects of the
aperture obscuration ratio and diffraction angle on the
degree of polarization, orientation angle and degree of

ellipticity.
1 Theoretical derivation

The cross-spectral density matrix of the elliptically

polarized GSM across the input plane =0 is given
byUl]

W. W,

W w] W
where

W, (r or, .00 =AA,B, exp |:—<iz+ ’” .

do; 4o
2
Cxp[*%} (iyj=x,y) (2)

where vector r; and r, denote the position vectors of
any two points across the input plane =z = 0,
respectively.

In the Cartesian coordinate system,Eq. (2) can be

expressed as

4+ -+ ) .

VVU (1‘1 s V1 9 X2 9 Vo ’O):AiAjBl] CXP(_ 462 40_2
i j

(3

[ (xlfl'z)z—l—(yl*yg)z}
exp | — 7

20;
where x and y refer to two mutually orthogonal
directions across the input plane =0, A, and A, are
amplitudes, o, and g; are effective widths of the spectral

density, respectively, B, 1is the phase correlation

U

coefficient, §, is the coherence length of the field.

u
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When | B,, | =1 and ¢§.. = 9,

polarized.

=0, GSM is fully

Using the Collins integral formula, elements of
cross-spectral density matrix after GSM passing
through the paraxial ABCD optical system obey the
propagation law

, ’ ’ . ’ 1 lkD ‘2 ‘2
W,] (1?1 s V1 s Ty 92 qZ) :mexp [_ﬁ(]?{ — Xy +

P— y? ] HJ W, (2,53, 525 53, 5,0) ¢

! ! 4 ’ ,
exp {_73[_2(1'111—121'2+y1y1—yzyz)]}><

exp { *% [A(x} — o +3T—33) ] }djcl dy, dx, dy,
(4)

where #=2x/A is the wave number, A is wavelength,
A, B and D are ABCD matrix elements, and omits the
constant phase factor.

Assume that there is a rectangular aperture with
the half-width of a in both x and y directions.
Considering Eq. (3), and after the calculation

a a a a (1‘1*1‘2)2_._(3/173/2)2
SIS o[ g

+ V2mad; -

dIl dyl dl'z dyz - {4 [m

1]“ }/5}, 5)

Eq. (4) can be written as

erf (V2ad,) —

1
WAJA,BQ

+ V2rad; erf (2ad,;) — }
S
exp | —p e =ity [ [ ]

@) Aty {71712 - .
cxp( g 4g >CXp ZB[ 2z

J

W;, (.T] 9_))/1 ?«T’Z 9y/g L) =
2

-
[exp (24° ,-j)

, , , ik ‘
xzxz+y1y1*yzyz)]}e><p {*ZIB[AH?*

ZHyi—y) ] }dx] dy, de. dy, 6

In order to simplify the project, Eq. (6) can be
rewritten as

W;] () s Yy 3 Xn s Vo s 2) :W;] (273 7Z)W;] (X, 45, +2)

7
where
W, (x, .y, 2) = Mfl AAB, -
7+ V2mad;erf(2ad;) —1
exp (2a°85) ! .
5

ikD “
e [~ VPl Gl a0} [

1ol k : ,
exp (—1 46123) ) exp {—QLB[—Z(.rlflerlyl)]

exp *%[A(If‘i—yf)] dxy dy, (8

A —2
W,-j(;rl,y],z)zﬁl AADB, -

1

m+ V4 27‘(618,:, erf(Zaé‘U ) —1

P {**[*% + >]}J J
exp (*%)cxp {*21*23[2(1»21;-5—3,23,;)]} .
exp {*%[*A(IivLyﬁ)]}dxzdyz 0

Then, Egs. (8) and (9) can be rewritten in

normalized coordinate form

,;(51977172) Aéwom'
1
exp (2€2w§8ﬁ)+ Zmew, 8, erl(Zew, 8, ) —1 .
55
D , .
o [ (=) ][ ]
exp ( gszi('w)exp {7£ i[*Z(E]EHr
4o; 2B =z,

g fexp | — s 2>w§]}dadm (10)

W!/(g’zv?p,z):A1321 2 AAB

1

m 27[€a)o 3,, erf(Zewo &J ) —1

5
exp [ §D (f) (&2 + 7];2)w§ JJiJ;
exp ( u (,)exp {*% i[Z(Szé;TL

pidoi] fexp { =55 [—AGE +y)ui] |dedy
(1D
where w, is the waist of the beam, z, = nwt/A 1is the

Rayleigh length, ¢ = a/w, is the aperture obscuration

ratio, there are

& =x /w,
/I /@
&5 =x, /w,
/A /CUO
for normalized coordinate, and
S’ _ Tl /wo
Y2z,
- y/] /UJ()
G Z/Zo
{__' _ lz /u)o
2/,
[ y‘/z /wo
G Z/zo

for normalized diffraction angle.
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Introduce the aperture function — (& +j22)
T 2 : 2
1’ + 2 2 3 . exX o 1kA 0 m
T1<s,77>:{ A (12) w kAWl B h’; o5 +f} an
0, EZ—Fr] >¢ 4o} 2B ¢’ !

then, expand the aperture function into a finite sum of

complex Gaussian functions™"”

T. (&) = Xa,exp <—B$—2;’L> (13)

where N is the number of the expansion, and when N
is a limited number, the expansion is approximation,
generally choosing N =10 and sufficient accuracy can
be received. Simultaneously, the complex constants a,
and B, can be obtained by optimization computation.
On substituting Egs. (12) and (13) into Eq. (10),
Eq. (10) can be expressed in the following alternative

form

,1(51 ’7]1 92) w ; AIAJB

1
exp (26" w; 05)

+ V2rew,d; erf(2ew, ;) —1
&

exp [— i;ﬁ (f) &+’ )““HJ
+

o | 1RAw L,
T, (& s )exp [7<Z;g+121€; )5 25.
ikélwi o wi ikACUf)
°B EI}GXP[ (4gf+ 2B )
771+2* JB*’m}dfldm (14)

Introducing integral formula™’

oo 2
J exp (—ax® +2bx) = [ Zexp (i) (15)
- a a
Eq. (14) can be rewritten as
IJ(S Ul’z):jwi «/A,A]B,‘} .

1

o2 29N 2 0 O (2 0 O; —1
oxp (26 w05U>+ new, 0; erf(2ew, §; )

2
o

exp |: 1;3( ) (& +f )w[)} .

G/ )
} (16)

N
ZLG:X 2 ikAw; X
,,:lr()+lb4w()+ﬂ,, Pl wy +ﬂ

(o8]

do the same calculation to W:, (&, 7]) , 2), which is
omitted here, then

. 1
o ) A B,

W:/(El ’7],1 ’Ez v7]/z 75)2@ ey

2

1
[exp Geay bV Imewd erl(2ewd) 1]

5 )
ikDw; P A
exp [_12; <z£> (Sl_+771__52__772_)i|.

N N a, ,
> T a4z 5 €XP w, 1/&4&)) . .
,12‘1,,,11:)<>2+1/€2Aw0+‘8” [:4;12—’— (_|_B :[
0;

v, thatis & =& =¢

and 77/1 = 7;,2 = 77' , elements of cross-spectral density

Defining x; =x, =z and y, =y, =

matrix after the beam passing through the aperture can
be gained in the form
— 4w,

(12)*

W, (€ .9 6.9 .2)= AAB, -

2

1
[exp (Zezwi&j)—k' 2mew, 0; erf(2ew, 8;) 1:|

81
a, T /)
NN ” 5| ik
ST w, | kw, | B,
S kel {M+h4g}
Ag° 2z ¢
sr oo [ |
N a
wo‘)ilkﬂ_p@g' doj 2z €’ {
40, 2z € »

Using the Stokes parameters, the degree of polarization
P can be given by

SIS TS,

pP= 5 (19)
where
S, =W, +W,
S, :W:,, —W (20
S, =W, +WwW,

S, =i(W, —W, )

Light intensity can be described by Stokes parameters
I=S, @D
Polarization characteristics of the beam can not be

completely described by the degree of polarization,

therefore it is necessary to introduce the orientation
angle 0 and the degree of ellipticity v to further
illustrate it""™. Orientation angle 0 is defined as the
angle between the long axis and the axis x, which
represents the orientation of the vibration ellipse, and

its expression is

§=iarctan [M] 22

2 W, —W,
The degree of ellipticity v is defined as the ratio of the
amplitude of the minor axis and the semi— major axis of
the ellipse, which characterize the shape of the

vibration ellipse, whose expression is

u—ﬁ—; (23)
where
A= (W, =W T AW, T —
W, =W, )7 F4[Re(W, ) ) 24)
=%( VW, =W )74 W 7+
W, —W )?F4[Re(W, ) T]) (25)
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and then the degree of ellipticity v is expressed as

v=L[V W, —W ) +4[W
W, —W ) +4[ReW, )] ]/

[2V/IW, ["—[ReW )] ] (26)

According to the theoretical derivation above , the

2

numerical simulation can be carried out.

2 Numerical simulation

Choose the beam with the parameters as follows,
the waist of the beam @, =1 mm, the ratio of the
amplitude of electric field A,/A, = 1/2, the phase
correlation factorand B,, = B,, =1 and B,, = B,
exp (in/3), the coherence length §,, =§,, =0,, =0, =
2 mm, meanwhile assume a anisotropic beam with the
effective width of the spectral density ¢, =1 cm and
6,=2 cm.

2.1
wavelength on light intensity

Effects of the aperture obscuration ratio and

The numerical results for behaviour of light

intensity with the transmission distance in different

0.8

0.7
= 0.6
2 |
S 05
2 L
< 04 i
g 03
S L
E 02

0.1

0 I L 1 L L
0 0.05 0.10 0.15
Propagation distance z/z,
(a) e=0.3, intensity vs propagation distance

04
)
Q
=
<
=
z
g
i

0 n 1 n 1 n 1 L
0 1 2 3 4
Propagation distance z/z,
(c) e=3, intensity vs propagation distance
Fig. 1

The numerical results for behaviour of light
intensity with the transmission distance in different
wavelengths are shown in Fig. 2, where the aperture
obscuration ratios e=1, the diffraction angle £ =1,the
wavelengths A=1.06 pm, 3.8 pm and 10. 6 ym. From

aperture obscuration ratios are complied in Fig. 1,
where the wavelength A=1. 06 pm, diffraction angle
¢ =1, aperture obscuration ratios e=0.3, 1, 3 and 5.
As shown in Fig. 1, the variation of light intensity is
not monotonous, especially in the near field zone. The
light intensity exhibits decrement with oscillations and

the

obscuration ratios.

oscillation is stronger for larger aperture
Effects of aperture obscuration
ratios on light intensity are drastic in the near field
zone, and the variation of light intensity with the
transmission distance is not obvious when ¢ = 0. 3.
With the increasing of aperture obscuration ratio, the
diffraction effects become apparent. So the variation of
light intensity occurs at ¢ =1 and it becomes severe
with the increasing of aperture obscuration ratio. When
¢ =5, the variation reaches to maximum. With the
increasing of transmission distance, because the energy
of the beam is weaken, the intensity distribution is
invariant and no

longer affected by the aperture

obscuration ratio.

0.6 -

0.5

0.4 +

Intensity 7/(x10cd)

0 1 1 L
0 0.2 0.4 0.6 0.8 1.0

Propagation distance z/z,

(b) &=1, intensity vs propagation distance

Intensity 7/(x107°cd)

Propagation distance z/z,

(d) e=5, intensity vs propagation distance

Changes in light intensity with the transmission distance in different aperture obscuration ratios

Fig. 2 we can see that the variation of light intensity is
not monotonous. The light intensity exhibits decrement
with oscillations and the oscillation is stronger for
larger wavelengths in the near field zone. It is clear

that effects of wavelengths on the light intensity are

0126001-5
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0.7 wavelength.

0.6 2.2 Effects of the aperture obscuration ratio and
= 05 diffraction angle on polarization properties
= 3
L 2.2.1 Effectsof the aperture obscuration ratio and
(e
X 0t dif fraction angle on the degree of polarization with
S 03 =— /=10.6um the increasing of transmission distance
2 i Th ical results for behaviour of the d
g 0.2 J=1.06pm e numerical results for behaviour of the degree
= o1 of polarization with the transmission distance in

0 0.3

1.5

0.6 0.9 1.2
Propagation distance z/z,

1.8

Fig. 2 Changes in light intensity with the transmission
distance in different wavelengths
drastic in the near field zone, and variation of light
intensity with the transmission distance is small at A=
1. 06 pm. What's more, variation of light intensity
become big when A = 3. 8 pum and the effects of
That is
of diffraction

wavelengths on light intensity aggravate.
that the
phenomenon is closely related to the ratio of the
and the the
diffraction phenomenon increases as the ratio A/a
With the of

distance, because the energy of the beam is weaken,

because significant degree

wavelength A aperture size a, and

increases. increasing transmission

the intensity distribution is no longer affected by the

0.16340
QE 0.16338 |
2
% 0.16336 |
[="
[
=}
3
50 0.16334 |
a
0.16332 . .
0 0.01 0.02 0.03
Propagation distance z/z,
(a) e=0.3, degree of polarization vs propagation distance
0.1645
o, 0.1640
=]
£ 01635 |
8
2 01630
(=]
[="
S 01625 |
3
& 0.1620 |
)
a
0.1615 |
0.1610 . L L
0 0.5 1.0 1.5

Propagation distance z/z,

(c) =3, degree of polarization vs propagation distance

different aperture obscuration ratios are given in Fig. 3,
where the wavelengths A = 1. 06 pm, the diffraction
angle & =3, the aperture obscuration ratios e=0. 3, 1,
3 and 5. As can be seen from Fig. 3, the larger the
aperture obscuration is, the greater the degree of

be. The

polarization is not monotonous,

polarization will variation of degree of
and the degree of
polarization exhibits growth with oscillations in the
near field zone, meanwhile the oscillation is stronger
for larger aperture obscuration ratios. It is easy to find
that effects of aperture obscuration ratios on the degree
of polarization are drastic in the near field zone.
Moreover, the variation of the degree of polarization

with the transmission distance is not obvious when e=

0.3. In addition, the variation of the degree of
polarization appears at e=1 and it becomes severe with
the increasing of aperture obscuration ratio
0.1650
~ 01645}
=1
2
s 0.1640
N
5
E_ 0.1635 }
=}
8 0.1630 |
B
Q016251
0.1620 . L L L
0 0.05 0.10 0.15 0.20
Propagation distance z/z,
(b) e=1, degree of polarization vs propagation distance
0.170
Q. 0.165
=1
£ (
S 0.160 |
5
2 0155}
Gt
o
8 0150 |
&
@)
0.145 |
0.140 4 . 4
0 1 2 3 4

Propagation distance z/z,

(d) &=5, degree of polarization vs propagation distance

Fig. 3 Changes in the degree of polarization with the transmission distance in different aperture obscuration ratios
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transmission
That is

because that with the increasing of aperture obscuration

Furthermore, the variation with the

distance reaches to maximum when ¢ = 5.

ratio, the diffraction effects become apparent. With the
increasing of transmission distance, because the energy
of the beam is weaken, the degree of polarization is no
longer affected by the aperture obscuration ratio.

Fig. 4 gives the behaviour of the degree of
polarization with the transmission distance in different

diffraction angles, where the wavelength A=1. 06 pm,

0.1675
Ry
£ 01650}
g
S 01625}
g ——¢ =5
§ — ’=2 5
% 0.1600 | ¢ =2
o —— =]

—— ¢ =0.1
0.1575 . - .
0 1 2 3 4 5

Propagation distance z/z,

Fig. 4 Changes in the degree of polarization with the
transmission distance in different diffraction angles
the aperture obscuration ratios e = 5, the diffraction
angles € =0.1, 1, 2.5 and 5. From Fig. 4, we can
25

20

15

Orientation angle 6/(°)
S

0 0.005 0.010 0.015 0.020 0.025 0.030

Propagation distance z/z,

(a) e=0.3, orientation angle vs propagation distance

22.5
s
L 150
o
g
g
£ 75
3
S 0

75 L | L | L 1 " | L

0 3 6 9 12 15
Propagation distance z/z,
(c) e=3, orientation angle vs propagation distance

Fig. 5

note that the variation of degree of polarization is not
monotonous and the degree of polarization exhibits
variation with oscillations, especially in the near field
zone. It is easy to find that effects of diffraction angles
on the degree of polarization are drastic in the near field
zone, and variation of the degree of polarization with
the transmission distance is not obvious when & =0. 1.
Furthermore, the variation of the degree of polarization
becomes severe at & =1, and the variation reaches to
maximum when & =5. That is because that dependence
of the degree of polarization on spatial orientation is
waned. In this case, the diffraction phenomenon
becomes irregular, and then the oscillation is great.
With the increasing of transmission distance, the
variation of the degree of polarization becomes stable.
2.2.2 Effects of the aperture obscuration ratio and
dif fraction angle on the orientation angle with the
increasing of transmission distance

The numerical results for variation of the
orientation angle with the transmission distance in
different aperture obscuration ratios are given in Fig. 5,
where the wavelengths 2 = 1. 06 pm, the diffraction
angle € =2.5, the aperture obscuration ratios e=0. 3,
1, 3 and 5.

orientation angle is not monotonous .

Fig. 5 indicates that the variation of the

The orientation

25
~ 20
PRE
on
=}
s 10
=
.2
s 5
3
S5 0
=5
0 0.2 0.4 0.6 0.8
Propagation distance z/z,
(b) e=1, orientation angles vs propagation distance
25
20

Orientation angle 6/(°)
=

0 10 20 30 40

Propagation distance z/z,

(d) e=5, orientation angles vs propagation distance

Changes in the orientation angles with the transmission distance in different aperture obscuration ratios
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angle exhibits decrement with oscillations and the
oscillation is stronger for larger aperture obscuration
ratios. Effects of aperture obscuration ratios on the
orientation angle are drastic in the near field zone, and
the variation of the orientation angle with transmission
distance is not obvious when e=0. 3. Obviously., with
the

The variation of

the increasing of aperture obscuration ratio,
diffraction effects become apparent.
orientation angles appears at ¢ = 1 and it becomes

severe with the increasing of aperture obscuration

25

~ 20 — =l
s —— & =01
‘5 15

g

210

g

g 5

=]

2

S 0

-5 o
0 20 40 60

Propagation distance z/z,

(a) & =0.1 and 1, orientation angle vs propagation distance

ratio. Furthermore, the variation reaches to maximum
when e=5. With the increasing transmission distance,
the

orientation angle is no longer affected by the aperture

due to the energy of the beam is weaken,
obscuration ratio and approaches a fixed value. That is
because that the orientation angle is another expression
of the degree of polarization, and it will change with
the variation of the degree of polarization change.

Fig. 6 gives the behaviour of the orientation angle

with the transmission distance in different diffraction

25

Orientation angle 6/(°)
=

0 20 40 60 80
Propagation distance z/z,

(b) ¢ =2.5 and 5, orientation angle vs propagation distance

Fig. 6 Changes in the orientation angle with the transmission distance in different diffraction angles

angles, where the wavelength A=1. 06 pm, the aperture
obscuration ratios e=5, the diffraction angles € =0.1, 1,
2.5 and 5. From Fig. 6, we can see that the variation of
the orientation angle is not monotonous, and there are
oscillations for the orientation angle in the near field zone.
It is easily found that effects of diffraction angles on the
orientation angle are drastic in the near field zone, and
variation of the orientation angle with the transmission
distance is not obvious when &€ =0. 1. What's more, the
variation of the orientation angle becomes severe when & =
1, and it reaches to maximum when & = 5. At last,
changes in the orientation angle become stable with the
transmission distance. That is because that the orientation
angle is another expression of the degree of polarization,

and it will change with the variation of the degree of

0.7
0.6
IS
2 05
2
£ 04
2
S 03
8
B 02
a
01}
O I L L L L
0 0.010 0.020 0.030

Propagation distance z/z,
(a) e=0.3, degree of ellipticity vs propagation distance

polarization change.
2.2.3
dif fraction angle on the degree of ellipticity with the

Effects of the aperture obscuration ratio and

increasing of transmission distance

The numerical results for behaviour of the degree of
ellipticity with the transmission distance in different
aperture obscuration ratios are given in Fig. 7, where the
wavelengths 2=1. 06 um, the diffraction angle £=3, the
aperture obscuration ratios e=0. 3, 1, 3 and 5. As shown
in Fig. 7, the variation of the degree of ellipticity is not
monotonous. The degree of ellipticity exhibits variation
with oscillations and the oscillation is stronger for larger
aperture obscuration ratios. It is clear that effects of
aperture obscuration ratios on the degree of ellipticity are

drastic in the near field zone , and the variation of the
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Fig. 7 Changes in the degree of ellipticity with the transmission distance in different aperture obscuration ratios

degree of ellipticity with the transmission distance is not
obvious when e=0. 3. Besides, the variation of the degree
of ellipticity occurs at e=1 and it becomes severe with the
increasing of aperture obscuration ratio. Furthermore, the
variation reaches to maximum when e=5. At last, with
the increasing transmission distance, the degree of
ellipticity is uniform and approaches the same value of
v=0.42.

The numerical results for behaviour of the degree of
ellipticity with the transmission distance in different
in Fig. 8,
wavelength A=1. 06 pum, the aperture obscuration ratios
e=3, the diffraction angles € =0.1, 1, 2.5 and 5. From

Fig. 8, we can note that the variation of the degree of

diffraction angles are shown where the

ellipticity is not monotonous, and the degree of ellipticity
exhibits variation with oscillations, especially in the near
field zone. Obviously, effects of diffraction angles on the
degree of ellipticity are drastic with the transmission
distance in the near field zone, and the degree of ellipticity
is basically unchanged with increasing transmission
distance when £ =0. 1. It is easy to find that the variation
of the orientation angle appears at £ =1. What's more,
the variation becomes severe when & =2. 5, and it reaches
to maximum when € = 5. And at last, the degree of

ellipticity is uniform with the transmission distance.

—— =01 —— ¢ =25

——¢=l

—— =5

0.5

0.4 |
0.3

0.2

Degree of ellipticity v

0.1

0 3 6 9 12 15
Propagation distance z/z,

Fig. 8 Changes in the degree of ellipticity with the transmission

distance in different diffraction angles

3 Conclusion

the
principle and Collins

According  to extended Huygens-Fresnel

formula, based on complex
Gaussian function expansion method, the cross-spectral
density formula of elliptically polarized GSM passing
through  the

Meanwhile, combined the Stokes vector theory, the

rectangular aperture is derived.
expressions of light intensity and polarization properties
are discussed.

Studies that effects of the
light

polarized GSM passing through the aperture is obvious

show aperture

obscuration ratio on intensity of elliptically
in the near field zone. It is clear that the variation of
the light intensity is not monotonous, and the light
intensity exhibits decrement with oscillations in
different wavelengths, especially in the near field zone,
and the magnitude of variation increases with the
increasing wavelength, which depends on the aperture
obscuration ratio. Nevertheless, intensity distribution
of elliptically polarized GSM is less sensitive to the
aperture obscuration ratio and wavelength with the
transmission distance in the far-field region.

In addition, effects of the aperture obscuration
ratio on polarization properties of elliptically polarized
GSM is obvious in the near field zone. It is found that
the variation of the degree of polarization, orientation
angle and degree of ellipticity are not monotonous, and
they exhibit variation with oscillations. Besides, the
variation increases with the increasing of the aperture
The

magnitude of variation in the degree of polarization,

obscuration ratio in different diffraction angles.

orientation angle and degree of ellipticity increases with
the increasing of diffraction angle, which is decided by
the aperture obscuration ratio. However, in the far-
field region, effects of the aperture obscuration ratio
and diffraction angle are not severe, and the behaviour
of the degree of polarization, orientation angle and

degree of ellipticity over sufficient long distances are

0126001-9
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not affected by the aperture obscuration ratio and

diffraction angle.
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