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By use of a tensor method, the transform formulae for the beam coherence-polarization matrix of the partially

polarized Gaussian Schell-model (GSM) beams through aligned and misaligned optical systems are derived. As an

example, the propagation properties of the partially polarized GSM beam passing through a misaligned thin lens are

illustrated numerically and discussed in detail. The derived formulae provide a convenient way to study the propagation

properties of the partially polarized GSM beams through aligned and misaligned optical systems.
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1. Introduction

The Collins formula has been widely used to treat
the propagation and transformation of beams pass-
ing through paraxial optical systems.[':?l Tt has been
extended to axially nonsymmetrical optical systems
by using tensor algebra and a tensor ABCD law for
treating the propagation of elliptical Gaussian beams
in a spatial domain was derived. [l The Collins for-
mula has also been extended to misaligned optical sys-
tems, and the generalized diffraction integral formulae
for misaligned optical systems were developed.l*] Re-
cently, the generalized diffraction integral formulae for
partially coherent beams were derived, and the prop-
agation properties of the partially coherent Gaussian
Schell-model (GSM) beam through aligned and mis-
aligned optical systems were studied in detail.[5=7]

On the other hand, increasing attention has
been devoted toward the light beams generated by
sources that are both partially coherent and par-
tially polarized due to their importance in coher-

(810 In par-

ence theory and practical applications.
ticular, a new type of source called partially polar-
ized GSM source has been recently introduced by

Gori et all''=12] The propagation of the partially

polarized GSM beams has been studied through the
formalism based on the beam coherence-polarization
(BCP) matrix.['3=15] Recently, by use of a new tensor
method, the fractional Fourier transform for partially
coherent GSM beams and partially polarized GSM
beams was studied.[16—18]

In this paper, for the more general case, we are go-
ing to study the propagation of a partially polarized
GSM beam through aligned and misaligned optical
systems by use of the tensor method. The analyti-
cal transform formulae were derived. By use of the
derived formulae, the propagation properties of the
partially polarized GSM beam were illustrated numer-

ically.

2.Propagation of partially po-
larized GSM beams through
aligned and misaligned optical

systems

A partially polarized GSM beam is characterized
by the BCP matrix,[!!! by using the tensor method, we
can express the BCP matrix of the partially polarized

GSM beam in a tensor form as follows:[5:18]
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where Ip,pg is a constant intensity factor. I, and
Ioyy have to be real, positive quantities, while Iogy

and Iy, may be complex. They satisfy the relation
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0'%0(15 and U;Oaﬁ are the transverse spot width and
transverse coherence width respectively. I is a 2 x 2
identity matrix.

Applying the propagation formula of the par-
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where M, al s and M ;al g are the partially coherent
complex curvature tensors in the input plane and out-
put plane respectively. They satisfy the following re-

lation:
M), = (€ + DMyl,) (A+ BM,.,) @

where A, B, C and D are defined as follows:
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and A, B, C and D are sub-matrices of the aligned
optical system. Equations (3) and (4) are the analyti-
cal transform formulae for the BCP matrix of the par-
tially polarized GSM beam passing through an aligned

optical system.
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Tozy = 15y, #T = (T 7T) = (z1 y1 2 ¥2), Mgalﬁ is

a 4 X 4 transpose symmetric matrix called “partially

coherent complex curvature tensor” given by
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tially coherent GSM beam through an aligned optical
system,] we can obtain the propagation formula for
the BCP matrix of the partially polarized GSM beam

through the aligned optical system as follows:
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Fig.1. A misaligned optical system.

Now we study the propagation of the partially
polarized GSM beams through a paraxial misaligned
optical system. Let us consider a misaligned optical

The

misaligned optical system can be characterized by a

system with multi-element as shown in Fig.1.

4 x4 augmented matrix. S; and S; represent the input
and output reference planes, respectively. The gen-
eralized diffraction integral formula for the partially
coherent beam through misaligned optical systems is

given byl]
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where &7 = (e] €f) = (e f e [), g} = (g}, 9}) =
(g h g h). The parameters e, f, g and h take the

following forms:

e =2(are; + ,5;‘)5,’ (7)
f = 2(are, + frel), (8)
g = 2(byr — dat)e, + 2(bd — dfBT)el, (9)
h = 2(byr — dar)e, + 2(bd1 — dBr)e),  (10)

where €4,¢}, €, and e}, denote the two-dimensional
misalignment parameters: ¢, and €, are the displace-
ment elements in the x and y directions respectively,
while €/, and ¢, are the tilting angles of the elements in
the = and y directions respectively. aT, BT, vy and 1

represent the misaligned matrix elements determined

by

ar=1—a, fBr=1-b, yr=—-¢, dr=+1-—4d.
(11)

A, B,C and D are defined as shown in Eq.(5).
Applying the propagation formula of the partially
coherent GSM beam through a misaligned optical
system,”l we can obtain the propagation formula for
the BCP matrix of the partially polarized GSM beam

through the misaligned optical system as follows:
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where M;alﬁ is related with Mgalﬁ as shown in Eq.(4).
Equations (3), (4), (12) and (13) provide a convenient

way to study the propagation properties of the par-
tially polarized GSM beams through a complex optical

system.
3. Numerical example

In this section, we are going to study the propaga-
tion properties of the partially polarized GSM beams
through a misaligned optical system by use of the de-
rived formulae in the above section.

The degree of polarization of the partially polar-
ized GSM beam is defined as[11—12

. 4det{1/"\p(u,u)}.

P(u) = A
(Tr{lp(u, u)})?

(14)

The equivalent cross-spectral density in the FRT plane

can be expressed as

Tpeq(ur,u2) =lpee(ur, ug) + pyy (U1, u2)

=Tr{l}(u1, us)}, (15)

and the corresponding optical intensity at a typical

point » will be given by
I(u) = Ty (u, ). (16)

Let us consider a partially polarized GSM beam
propagating through a misaligned optical system con-
sisting of a misaligned thin lens as shown in Fig.2.
The displacements and angle misalignments of the
thin lens with respect to the optical axis of the sys-
tem are e€;,ey = €47 = €, = 0 respectively. The thin
lens is located at z = z; and the exit plane is located
at z. The ray transfer matrices of the optical system
between the source plane and the exit plane take the

following forms:

A 1-(z=—=)/f 0 ,
0 1—(z—=21)/f
B z—z1(z—=)/f 0 ’
0 z—z1(z—21)/f
c— -1/f 0 ,
0o -1/f
p |1 2/ 0 . (17)
0 l—Zl/f
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Then the misalignment parameters at, Bt, yr and 1

take the following forms:
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Fig.2. An optical system with a misaligned thin lens.

Applying the above equations, we can conve-
niently study the propagation properties of the par-
tially polarized GSM beam passing through a mis-
aligned thin lens. Figure 3 shows the evolution of
polarization degree of the partially polarized GSM
beam through the misaligned thin lens in a spa-
tial domain in certain planes. The parameters used
in calculation are A=632.8nm, £,=0.5mm, f=15mm,
21=20mm, 010zz = Oloyy = Olozy = Oloye = lmm,
Og0zz = Ogoyy = 0.1mm, 0405y = 040y = 0.2mm,
Tozz = Ioyy = 0.5, and Iyzy = Iy, = 0.1. For com-
parison, the polarization degree of the partially po-
larized GSM beam in the input plane is also shown
in Fig.3. As can be seen from Fig.3, the polarization
distribution at the input plane is uniform for all the
points in the transversal section of the beam with the
same value 0.2. After its passing through a misaligned
thin lens, the beam has the degree of polarization dis-
tribution across the transversal section of the beam
different from point to point in the output plane. The

peak position polarization distribution is not located

on the axis because of the effect of the misaligned thin
lens. It is clear from Fig.3 that the degree of polar-
ization distribution is also closely related to the initial
spatial coherence of the beam. With the increase of
the initial spatial coherence of the partially polarized
beam, the degree of polarization of the points near the
peak position increases, but the degree of polarization

of the points far from the peak position decreases.

0.35 1

d

=
2 0.254
3 o
4
& 015
k]
8 b
B 0.05] c
2 J

-0.05 T T T

-15 -10 -5 0 5 10 15
z/mm

Fig.8. Polarization degree of a partially polarized

GSM beam as a function of variable z after its passing
through a misaligned thin lens with different initial
spatial coherence widths at z=30mm. Curve a: input
plane, curve b: 6402z = Ggoyy = 0.005mm, cg40zy =
0g0yz = 0.0lmm, curve ¢ 040zy = Ogoye = 0.0lmm,
Ogozy = Ogoye = 0.02mm, curve d: 0g40zy = Ogoyz =

0.1mm, 0402y = Tgoyz = 0.2mm.

Figure 4 shows the normalized intensity profile of
a partially polarized GSM beam with different initial
spatial coherence widths after its passing through a
misaligned thin lens at z = 30mm for y = 0. The
parameters used in the calculation take the same val-
ues as those in Fig.3. From Fig.4, we can find that
the partially polarized GSM beam becomes a decen-
tred beam. Calculations show that the peak position
of the intensity profile moves continuously in propaga-
tion. It is clear from Fig.4 that the beam spot width
of a partially polarized GSM beam is also related to
the initial coherence of the beam. With the increase of
the initial spatial coherence of the partially polarized
beam, the peak value of the intensity profile increases
and the beam spot width decreases, which means the

beam with higher coherence is easy to focus relatively.
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Fig.4. The intensity profile of a partially polarized
GSM beam with different initial spatial coherence
widths after its passing through a misaligned thin lens
at z=30mm for y=0. Curve a: input plane, curve
b: 0goze = Ogoyy = 0.005mm, Ogozy = OTgoye =
0.01mm, curve ¢: 0g4ozy = Tgoyz = 0.0lmm, 6404y =
Ogoyz = 0.02mm, curve d: 0402y = Ogoye = 0.1mm,

Tg0zy = Ogoyz — 0.2mm.

4. Conclusions

Based on the generalized diffraction integral for-
mulae for a partially coherent beam passing through
aligned and misaligned optical systems, the analyt-
ical transform formulae for partially polarized GSM
beams through aligned and misaligned optical sys-
tems are derived by use of the tensor method. Using
the derived formulae, the propagation properties of a
partially polarized GSM beam passing through a mis-
aligned thin lens are illustrated numerically. The re-
sults show that the misaligned thin lens and the initial
coherence of the beam have strong influences on the
polarization and intensity properties of the partially
polarized GSM beams. Our method provides a con-
venient way to treat the propagation of the partially
polarized GSM beams through aligned and misaligned

optical systems.
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