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In this paper, we investigate depolarization properties of a quartz double-wedge Cornu depolarizer with respect
to the generation of spatially unpolarized light in terms of on-average randomly occupied states on the Poincaré
sphere. Spatially resolved Stokes parameter measurements yield transformed polarization states and polarization-
dispersed characteristic fringes for the Stokes parameters. Their spatial symmetry, the degree of polarization, and
spatially integrated Stokes parameters as a function of the aperture-determined input diameter together with a
Mueller matrix calculus model con�rm the successful generation of equator states incorporating the ensemble of
all purely linearly polarized states, thus on spatial average representing unpolarized light.© 2021 Optical Society of

America
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1. INTRODUCTION

Polarization is a central and intriguing property of light with
a broad impact in many areas of modern optics. In particu-
lar, unpolarized light in its many manifestations has recently
experienced a renascence of interest through a comprehensive
overview on latent polarization of unpolarized light and its
higher-order correlations by Goldberget al. [1]. Originally the
discovery of unpolarized light goes back to natural light [2,3]
in the era of French optics pioneers [4,5]. Nowadays, in theory,
unpolarized light is discerned by inspecting the invariance
regarding its direction of propagation, handedness, or phase
changes under the in�uence of wave-plates [6–9].

Recently, the intrinsic polarization structure of unpolarized
light was investigated in the temporal domain by Setäläet al.
who introduced the notion of an instantaneous polarization
state [10], later demonstrated experimentally by Shevchenko
et al. [11,12], leading to applications such as ghost polarization
communication [13], ghost polarimetry, [14] and discrimina-
tion of types of unpolarized light via polarization correlation
measurements [15].

Depolarization is a key concept for a multitude of applica-
tions such as �ber-optic communications [16,17], reducing
polarization-dependent gain [18], quantum communications
[19–21], polarization scrambling [22], oceanography [23],
and even navigation [24]. Reducing polarization bias is also
crucial for sensing instruments such as photomultipliers and
grating spectrometers [25]. However, depolarizers also play
an important role in exploring fundamental physics such as
optical activity [26,27], generation of vector beams [28,29], and
separating photon spins [30].

In the spatial domain, depolarization has been studied
extensively for full Poincaré beams [31] or complex Poincaré
beams in holography [32], for uni-axial crystals producing
non-uniformly (totally) polarized beams [33,34] and for light
scattered by compressed powders [35,36], and it has been
exploited in designing depolarizers based on liquid crystals [37]
and metasurfaces [38]. Commonly used double-wedge con�gu-
rations such as the dual Babinet compensator and the Cornu
depolarizer have been interpreted in theory by McGuireet al.
[25], and in a more general context, the action of depolarizers
via Mueller matrices is well investigated [39–41]. Numerical
simulations exist for single-wedge depolarizers [42], Cornu
depolarizers [43,44], and double-wedge depolarizers [42,45].
For the latter, longitudinal polarization periodicity of unpo-
larized light has been observed [46], and for polarized LED
emission in combination with a digital micro-mirror device
array, spatio-spectral coherence of depolarized light was probed
[47]. Apart from examinations of optically active materials of
Cornu depolarizers performed by Baganet al. [48], a deeper
insight and better understanding of the Cornu depolarizer's
properties is still desirable. Our work aims to �ll this gap.

Historically, one of the earliest tools for the depolarization
of light is the Lyot depolarizer [5], which consists of two quartz
plates with their fast axes separated by 45� and a plate thickness
ratio of 2:1 [49], which is suited for broadband input light.
Depolarization of light can also be achieved by temporally vary-
ing the rotation angles of two wave plates placed in series [49]
and works for monochromatic light [50]. The Cornu depolar-
izer is another historically founded design based on two quartz
wedges and related to the Cornu dispersion prism [51], both
named in honor of Marie Alfred Cornu [52,53].
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Fig. 1. Depiction of the Poincaré sphere, which is spanned by the
three normalized Stokes vectorss1, s2, ands3. Shown are the well-
de�ned states of fully polarized light (green dots) and selected examples
of spatial polarization distributions of randomly polarized light as fully
randomly covered Poincaré sphere (type I unpolarized light, indicated
by blue dots) and fully encompassed equator states (indicated by red
dots).

In our investigations, we focus on this type of depolarizer
and characterize our Cornu depolarizer in the context of clas-
sical optics. Distinct linearly and circularly polarized input
states of monochromatic helium–neon laser radiation with
variable aperture-determined input diameter are transmitted
through the Cornu depolarizer. Using a Schaefer–Collett [54]
or Berry–Gabrielse–Livingston polarimeter [55], the output
polarization state of light transmitted by the Cornu depolarizer
is analyzed by employing the Stokes parameter formalism [56]
and Mueller matrix calculus. We record spatially resolved polari-
zation distributions with a CCD camera and spatially integrated
measurements using a photodetector. The obtained polarization
states can be mapped on the Poincaré sphere [57] as depicted in
Fig.1 in the form of single Stokes vectors for fully polarized light
[58] or as spatial distributions across the surface for unpolarized
light [35,59].

Unpolarized light in this context means polarization of light
encompassing not only a single point on the surface of the
Poincaré sphere, but distinct areas. In analogy to temporally
unpolarized light [11], spatially unpolarized light is consid-
ered fully polarized in one speci�c point in space whereas on
spatial average, the light encompasses a superposition of many
polarization states on the surface of the Poincaré sphere.

2. BASICS OF THE CORNU DEPOLARIZER

A double-wedge depolarizer made of an optically active material
is also commonly known as a Cornu depolarizer. Our depolar-
izer consists of two identical prism wedges made of uniaxial,
crystalline quartz that are optically cemented at their interface,
as can be seen in Fig.2. The optical axis of both wedges is ori-
ented such that it is normal to the octagons' front facet. The
circular birefringence of both wedges is slightly different with
respect to left and right circularly polarized light, and the wedges
have an opposite optical rotatory power [60]. For a monochro-
matic, linearly polarized, collimated plane-wave beam incident
normal to the center of the Cornu depolarizer's front facet,

Fig. 2. Illustration of the Cornu depolarizer manufactured by B.
Halle Nach�. GmbH. The depolarizer consists of two optically active
quartz wedges cut at a wedge angle of 30� , joined at their interface, and
oriented so that their optical axis is parallel to the impinging beam. Its
dimensions are the following: clear aperture 50 mm, width 50 mm,
and length 30 mm. Light enters the depolarizer from the left side and is
transmitted through the right side of the octagon.

a rotation variation of the polarization axis induced by both
wedges on the output light is given as follows [25]:

� D � RL D
2�
�

.nl � nr / L; (1)

whereL denotes the length of the Cornu depolarizer,� the
wavelength, andnl andnr are the indices of circular birefrin-
gence for left- and right-handed circularly polarized light,
respectively. For quartz, the wavelength-dependent difference
of the indices isjnl � nr j D 6.6� 10� 5 when illuminated with
light from a helium–neon laser at 632.8 nm [60]. The term
� R D 2�

� .nl � nr / represents the speci�c optical rotary power
of quartz. Minor effects such as scattering, absorption, refrac-
tion at the interface of the Cornu depolarizer, and temperature
dependence of the rotary power are neglected here. The Cornu
depolarizer can be described within Mueller's formalism by the
following matrix [25] using Eq. (1):

MCornu D

0

B
@

1 0 0 0
0 cos.� y/ sin.� y/ 0
0 � sin.� y/ cos.� y/ 0
0 0 0 1

1

C
A . (2)

Here,y indicates the position on the exit pupil of the Cornu
depolarizer as indicated in Fig.2 and is normalized to� 1 at
the pupil's edge. The retardance1 D � y C 
 depends on the
positiony, where
 is the retardance aty D 0, and� is its slope.
The wedges of the Cornu depolarizer have the same slope value
and zero offset with respect to each other. From this matrix, a
mixing effect on linearly polarized components of input light
is evident, since the four sine and cosine terms form a rotation
matrix with respect to thes1 ands2 components of an input
Stokes vector. The polarization axis of linearly polarized light
is simply rotated about the spatially dependent angle� , while
circularly polarized input light is not affected by the Cornu
depolarizer. In the following experimental setup as shown in
Fig.3, a circular iris aperture in front of the CD is used to select a
desired aperture-determined input diameter of light impinging
on the Cornu depolarizer. When the beam's intensity is mea-
sured by a power meter behind the CD, optical integration over
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Fig. 3. Experimental setup: Helium–neon laser followed by an
optional wave plate (WP), a spatial �lter comprised of a microscope
objective (MO) and pinhole (PH), variable iris aperture (A), Cornu
depolarizer (CD), a polarimeter consisting of a rotatable quarter-wave
plate (QWP, angle� with respect to the LP) and linear polarizer (LP).
A CCD camera acquires spatially resolved polarization properties and
is replaced by a Si photodetector for spatially integrated polarization
measurements.

the illuminated detector surface is considered by integrating
elements of the matrix in Eq. (2) using polar coordinates (� , � )
as follows [25]:

hcos.�/ i � ;� D
1
�

Z 2�

0

Z 1

0
cosT� � � � cos.� / Ud� d� D 2

J1.�/
�

;

(3)

hsin.�/ i � ;� D
1
�

Z 2�

0

Z 1

0
sinT� � � � sin.� / Ud� d� D 0; (4)

whereJ1 is a �rst-order Bessel function of the �rst kind. In
these calculations, a beam pro�le with uniform irradiance was
assumed, which is adequate considering that the Cornu depolar-
izer's center was aligned with the beam's center. By integration
of the matrixMCornu in Eq. (2) as performed in Eqs. (3) and (4),
the off-axis elements vanish, yielding a spatially averaged matrix
hMCornui . By multiplying this matrix with a linearly polarized
input Stokes vector, light that is collected behind the Cornu
depolarizer now has the following degree of polarization (DOP):

DOP D

q
S2

1 C S2
2 C S2

3

S0
D 2

�
�
�
�
J1.�/

�

�
�
�
� . (5)

This result shows that the DOP can be tuned via the phase� ,
which will be used in the following for the generation of spatially
unpolarized light (DOPD 0).

3. EXPERIMENTAL SETUP AND METHODS

A. Setup

Our experimental setup is depicted in Fig.3 in more detail. A
helium–neon laser emits linearly polarized light (99% DOP),
while operating at a wavelength of 632.8 nm with a continuous
optical output power of 11 mW and a 1=e2 beam diameter of
0.65 mm. The laser's polarization axis is oriented in parallel to
they-axis, as shown in Fig.3. The laser's beam pro�le consists
of a TEM00 fundamental mode with spatial noise present due
to intensity �uctuations as a result of scattering. To mitigate
noise, a spatial mode �lter is realized by placing a microscope
objective (10� magni�cation, NAD 0.85) and a pinhole aper-
ture (30� m diameter) into the beam path to produce a smooth
Gaussian beam pro�le by suppressing residual transverse modes
and spatial noise [61]. The pinhole diameterd was chosen
according to the following formula [62]:

d D 1.5� 1.27
� f
D

; (6)

with the spot sizeD of the beam entering the microscope objec-
tive, laser wavelength� , and microscope objective's focal length
f . The microscope objective was chosen such that the cone of
light behind the pinhole is collected entirely by a subsequent
lens, maintaining a Gaussian intensity distribution of the beam
throughout the setup. A plano-convex lens (f D 400 mm) with
a suf�ciently clear aperture behind the spatial �lter collimates
the entire beam. This lens in combination with the spatial �lter
now acts as a Keplerian telescope, which serves to expand the
laser beam up to 50 mm in diameter. A variable iris aperture A
placed behind this telescope clips the beam to a desired width.
The Cornu depolarizer is exploited to spatially depolarize
the input beam. Our setup is complemented by a Galilean
telescope consisting of another identical plano-convex lens
( f D 400 mm) and a bi-concave lens (f D � 75 mm), which
tapers the beam diameter for the subsequently following detec-
tion analysis. Finally, the polarization of the transmitted light is
examined by an imaging polarimeter consisting of a rotatable
quarter-wave plate followed by a linear polarizer, which gives
access to the Stokes parameters for both the spatially resolved
and spatially integrated detection.

B. Methods

1. Spatially Resolved and Spatially Integrated Stokes
Parameters

In the following sections, the depolarization of various input
polarization states is investigated. We modify the input polari-
zation state of light by inserting a wave plate right behind the
laser and rotating its fast axis with respect to the laser's polari-
zation axis. The Stokes parameters of the output beams are
obtained using a Schaefer–Collett polarimeter and measuring
the spatially integrated beam intensity with a power meter or a
CCD in the spatially resolved case. While the linear polarizer's
transmission axis remains �xed, a quarter-wave plate (rotation
angle� ) is rotated in 10� increments, and the beam intensity
is measured for every �xed position of the quarter-wave plate.
The normalized Stokes parameterss1, s2, ands3 are derived by
conducting a Fourier series analysis [54,58].

For further inspection of the polarization states, spatially
resolved Stokes parameter distributions of the beam are recorded
by a CCD camera (WinCamD-UCM) positioned behind the
Schaefer–Collett polarimeter. The surface area of the CCD sen-
sor is approximately 8.6 mm� 6.9 mm and has a resolution of
1.2 megapixels. Before measuring polarization parameters, the
plano-convex lens is adjusted to a position such that the incident
beam is collimated and �lls the imaged area. After the intensity
distribution is measured, Stokes parameter analysis is performed
individually for every pixel again by Fourier series calculations
[58]. The spatial Stokes parameterss1. x; y/ , s2. x; y/ , s3. x; y/ ,
and DOP.x; y/ are then normalized and plotted as a function of
the spatial variablesx andy. For measurements of polarization
parameters pro�les, the iris aperture in Fig.3 is fully opened to
its largest diameter of 50 mm.
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2. Degree of Polarization

The degree of polarization depending on the illuminated
cross-section of the output light exiting the Cornu depolarizer
is measured by varying the iris aperture diameter prior to the
Cornu depolarizer. First, the iris diameter is reduced to a lowest
setting of 2 mm and a Stokes parameter analysis is performed for
this con�guration. In a next step, the aperture is opened further
in 2 mm successive increments, and for every step, the Stokes
parameter analysis is repeated. The evaluated Stokes parameters
and DOP are plotted as a function of aperture diameter.

4. RESULTS

First, we verify the imaging quality of our set-up without the
CD. Then, we insert the CD and a subsequent polarizer, set the
aperture opening to 50 mm, and observe a horizontal polari-
zation fringe pattern on a screen behind the polarizer. We then
trace the beam by moving the screen away from the CD to check
for any immediately visible longitudinal effects. The only visible
longitudinal effect that arises is a certain, small degree of barrel
distortion, which is shown in the following results for all three
input polarization states. In this section, Stokes parameters
of the beam transmitted through the Cornu depolarizer and
corresponding degrees of polarization of the output light are
presented for three distinct input polarization states: linearly
y-polarized, linearlyx-polarized, and circularly polarized. We
choose these states as a benchmark of the Cornu depolarizer's
performance. The spatially resolved measurements for each
input polarization state are complemented by their respective
measurements of the degree of polarization for a range of aper-
ture diameters. This set of measurements fully characterizes
the Cornu depolarizer and validates its expected depolarization
functionality.

A. Linearly y-Polarized Input

1. Spatially Resolved and Spatially Integrated Stokes
Parameters

For linearlyy-polarized input light incident upon the Cornu
depolarizer with a polarization axis parallel to they-axis, the
output beam that exits the Schaefer–Collett polarimeter shown
in Fig.3 exhibits polarization parameters as depicted in Fig.4.
Since the camera was not positioned precisely in the center of the
beam, the polarization distributions are labeled with a separate
coordinate system indicating the (x, y)-pixel position on the
CCD sensor. The spatial distribution ofs1. x; y/ is dominated
by equidistant polarization fringes of alternating values across
the y-axis of the beam ranging between values of� 1 and 1,
which suggest that the orientation of input linear polarization
is periodically dispersed by the Cornu depolarizer. The beam
intensity remains constant across thex-axis and displays only
a slight barrel distortion around the beam's edge. Clipping the
beam in front of the CD to various widths using the iris aperture
does not affect this pattern qualitatively, which implies that
the fringe width depends only on the geometry and material
of the Cornu depolarizer. The modulation across the depolar-
izer'sy-axis is examined by extracting values ofs1. x; y/ along

Fig. 4. CCD images illustrating the spatial distribution of normal-
ized Stokes parameterss1. x; y/ , s2. x; y/ , ands3. x; y/ for linearly
y-polarized input light. Red colors indicate positive values, whereas
blue indicate negative values. A small degree of barrel distortion is
visible around the pro�le's edge.
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a central symmetry axis of the beam. The fringe width� can
be interpreted as a 180� (or � ) rotation of the polarization axis
about the beam's propagation axis and is calculated using the
speci�c optical rotary power� R and the wedge cut angle� :

� D
�

� R tan.�/
D

�
2�
� .nl � nr / tan.�/

D 8.34 mm. (7)

This width is in agreement with six fringes observed and
corresponds to full illumination of the Cornu depolarizer's front
facet: 6� � 50 mm. Using these calculations of the fringe width
and the front facet height of the depolarizer, the spot size of the
beam shown in the CCD data can be estimated. A similar fringe
pattern emerges for the spatial distribution of the Stokes param-
eters2. x; y/ , although the entire pattern is shifted along the
y-axis by�= 2. Comparable patterns are observed for a simula-
tion of the fringe patterns that can be seen in Fig.5for the spatial
distribution of the Stokes parameterss1. x; y/ and s2. x; y/ .
The shift of all Stokes parameter values between the two dis-
tributionss1. x; y/ ands2. x; y/ by �= 2 is also clearly shown
in this simulation. As expected, a considerably smaller, nearly
zero modulation occurs for the Stokes parameters3. x; y/ ,
con�rming that only linear polarization components are mixed
by the Cornu depolarizer. The upper half of the distribution of
s3. x; y/ in Fig.4 exhibits slightly higher overall negative values
for s3. x; y/ , while the lower half displays slightly lower overall
positive values fors3. x; y/ , which is due to an insuf�cient phase
dispersion for thes3 components of light. In this particular
distribution, weak, concentric circular fringes are visible, which
result from clipping the beam slightly at the �rst two relevant
aperture stops (the plano-convex lens and the subsequent iris
aperture). The spatial distribution of DOP values in the bottom
of Fig.4 also has visible fringes corresponding to the red fringes
shown in the distribution ofs1. x; y/ . A faint spiral feature in
the beam's center results from de�ciencies of the quarter-wave
plate of the Schaefer–Collett polarimeter. For all four spatially
resolved polarization distributions, a small degree of spatial
barrel distortion is visible toward the edges of the beam pro�les,
which is due to a non-ideal positioning of the collimating lenses
behind the CD. The nonuniform distribution of DOP.x; y/ is

Fig. 5. Simulated polarization fringes of the Stokes parameters for
y-polarized incident light. The Stokes parameter distributions3. x; y/
is not displayed here as the image would appear totally white since the
values ofs3. x; y/ are zero overall.

due to errors resulting from slight off-axis misalignment of the
CD with respect to the beam's propagation axis.

2. Degree of Polarization

The evolution of the Stokes parameters1 and DOP as shown in
Fig.6for increasing values of aperture-determined input diame-
ters is reminiscent of Bessel functions of the �rst kind. A similar
behavior has been derived theoretically for Mueller matrix ele-
ments of a dual Babinet compensator [25] and was described
to some degree for single-wedge [42] and double-wedge
depolarizers in numerical simulations [44].

For the DOP curve depicted in Fig.6, a �rst-order Bessel
function of the �rst kindJ1 is plotted by inserting Eq. (1) into
Eq. (5) and substituting the Cornu depolarizer's lengthL by the
relationL D h tan.�/ , whereh denotes the aperture diameter:

DOP.h/ D 2

�
�
�
�
�
J1T2�

� .nl � nr /h tan.�/ U
2�
� .nl � nr /h tan.�/

�
�
�
�
�
. (8)

The simulation of the DOP is indicated in Fig.6 by a con-
tinuous red line. As can be seen in Fig.6, for certain aperture
diameters, where the curve ofs1 intersects with thex-axis, the
DOP drops to minimum values of 8% for an aperture diam-
eter of 10 mm and to 5% for a aperture diameter of 20 mm,
indicating that the output light is almost completely spatially
unpolarized. For all other aperture diameters, the residual
polarization is comprised of a linear superposition of non-zero
values of thes1 ands2 parameters. As anticipated,s3 remains at a
very low value (below 5%) for all aperture diameters.

B. Linearly x-Polarized Input

1. Spatially Resolved and Spatially Integrated Stokes
Parameters

In a second experiment, a half-wave plate was inserted in front
of the CD and rotated to an angle of 45� with respect to the
laser's polarization axis, generating linearlyx-polarized light
and the same measurement series were carried out for all Stokes
parameters and DOP. As shown in Fig.7, similar spatial polari-
zation distributions are observed fors1. x; y/ , s2. x; y/ , and
s3. x; y/ compared to Fig.4. For the polarization parameters

Fig. 6. Spatially integrated Stokes parameterss1, s2, ands3 and
DOP as a function of iris diameter for linearlyy-polarized input light.
The red dots indicate experimental data of the DOP, and the full line
represents a simulation of the DOP according to Eq. (5).
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Fig. 7. CCD images illustrating the spatial distribution of the nor-
malized Stokes parameterss1. x; y/ , s2. x; y/ , ands3. x; y/ for linearly
x-polarized input light. Red colors indicate positive values, whereas
blue indicate negative values. A small degree of barrel distortion is
visible around the pro�le's edge.

s1. x; y/ ands2. x; y/ , the same sinusoidal modulation along
the y-axis is present. However, compared to the previous case
with linearlyy-polarized light, in both cases, the fringe posi-
tion is shifted by a half period of the fringe width� along the
y-axis fors1. x; y/ ands2. x; y/ . For the polarization parameter
s3. x; y/ , a similar distribution was measured compared to the
one fors3. x; y/ in Fig.4, while for the DOP the fringes are still
present. Considering the data obtained for this input polari-
zation as shown in Fig.7, it is evident that the depolarization
effect is independent of the input polarization angle. This is also
somewhat apparent when examining the matrix elements in
Eq. (2).

2. Degree of Polarization

For linearlyx-polarized input light, the Stokes parameters and
DOP were measured and are shown in Fig.8. For increasing
aperture diameters, it is now the evolution ofs1 that follows
the experimental DOP results and that nicely coincides with
the simulated DOP results. Here, for small aperture values, the
contributions ofs2 ands3 to DOP are slightly higher compared
to Fig.6, and boths2 ands3 drop< 10% for apertures>10 mm.
Again, low DOP values of 8% and 5% were achieved for 20 mm
and 30 mm, respectively. The comparatively higher values of
s2 ands3 for aperture diameters between 2 mm and 10 mm are
likely the result of diattenuation and the non-ideal retardance
of the half-wave plate (HWP) that is used to generate linearlyx-
polarized input light, resulting in additional, residual elliptical
components of the input light [63].

C. Circularly Polarized Input

1. Spatially Resolved and Spatially Integrated Stokes
Parameters

By placing a quarter-wave plate in front of the CD shown in
Fig.3 and rotating it to a 45� angle with respect to the laser's
polarization axis, circularly polarized light is produced, which
then enters the Cornu depolarizer. The output Stokes param-
eters can be seen in Fig.9. Again, Stokes parameter analysis is
performed for the full opening of the beam (50 mm), revealing
spatial polarization distributions. In the resulting distributions,

Fig. 8. Spatially integrated Stokes parameterss1, s2, ands3 and
DOP as a function of aperture diameter for linearlyx-polarized input
light. A simulated function of the DOP as generated by using Eq. (5) is
represented by the continuous red line.



4898 Vol. 60, No. 16 / 1 June 2021 / Applied Optics Research Article

Fig. 9. CCD images illustrating the spatial distribution of the
normalized Stokes parameterss1. x; y/ , s2. x; y/ , and s3. x; y/ for
circularly polarized input light. Red colors indicate positive val-
ues, whereas blue indicate negative values. A small degree of barrel
distortion is visible around the pro�le's edge.

a fringe pattern is still faintly visible for the Stokes parame-
terss1. x; y/ ands2. x; y/ ; however, the contrast between the
fringes is notably diminished. Comparing the distribution of

Fig. 10. Spatially integrated Stokes parameterss1, s2, ands3 and
DOP as a function of aperture diameter for circularly polarized input.

s1. x; y/ to its corresponding one in Fig.4, the entire pattern is
shifted along they-axis by�= 2. For the polarization parameter
s3. x; y/ , high values are predominant across the beam's pro�le
without any visible polarization fringes. This con�rms that
the Cornu depolarizer has almost no in�uence on circularly
polarized components of input light.

2. Degree of Polarization

For circularly polarized input, the DOP was measured using
the same procedure as for linearly polarized input. The results
can be seen in Fig.10. In this case, the DOP exhibits mostly
constant, high values above 0.94 for all aperture diameters in
conjunction with a highs3 value above 0.92. This con�rms yet
again that the Cornu depolarizer has nearly no in�uence on
circularly polarized components. The non-ideal retardation and
diattenuation of the quarter-wave plate placed in front of the
CD in Fig.3 is a probable cause for thes3 values not being closer
to a value of 1. The imperfections of the wave-plate introduce
residual elliptical components [63], leading to comparatively
lower values ofs1 ands2 in this case. A similar effect was also
observed for the spatially integrated DOP ofx-polarized input.

D. DISCUSSION

The lowest DOP values were achieved for a small aperture diam-
eter of roughly 10 mm. Increasing the aperture diameter further
only increases the potential for errors due to off-axis effects
playing a larger role. Thus, the aperture diameter range up to
the �rst DOP minimum is a desirable optimal working range
for most applications of the Cornu depolarizer. This is a factor
that should be taken into account when constructing a Cornu
depolarizer. The results presented here offer a deeper insight into
the Cornu depolarizer's action for a monochromatic source of
light. The spatially resolved measurements are consolidated by
spatially integrated measurements for every input polarization
state. The measured CCD images provide a convincing overall
survey of output polarization states produced for certain input
polarization states. In particular, the spatially integrated results
for various aperture diameters could be reproduced to a high
degree, coinciding with theoretical calculations based on a
description of a Cornu depolarizer given by McGuireet al. [25].
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The noticeable polarization fringes were explained analyti-
cally by taking into account the induced spatial phase shifts for
simulations of the degree of polarization, in good agreement
with the experimental data. A qualitative change of the fringes
position and their absence for certain input polarizations could
be explained within the Mueller calculus framework. Apart
from this, our �ndings indicate that we achieved the generation
of an extreme case of type II unpolarized light, namely “phase
averaged equatorial-coherent states” [9] in close approximation
for certain aperture diameters with minimal DOP values of
spatially integrated measurements.

From the point of view of the Poincaré sphere, the output
polarization generated here is equivalent to a distribution of
polarization states that are evenly spread across the sphere's
equator, as illustrated by red dots in Fig.1. Since this distri-
bution is symmetrical with respect to the sphere's origin, with
contributions ofs1. x; y/ ands2. x; y/ being on par, the polari-
zation state manifests itself as unpolarized. This polarization
state is somewhat similar to temporally unpolarized light
[15] generated by the emission of two indendent lasers with
orthogonal polarization states in superposition [8,11].

Further investigation of this type of spatially unpolarized
light will focus on its polarization correlation properties in
the context of ghost polarimetry [47]. The feature of an easily
tunable DOP as we have demonstrated by exploiting the Cornu
depolarizer could be the basis for further measurements, notably
polarization correlations between type I unpolarized light [15]
and type II spatially depolarized light, and in particular in the
recently emerging �eld of Floquet engineering [64,65].

5. CONCLUSION

In this work, the polarization properties of an optically active
Cornu depolarizer were characterized extensively using Stokes
parameter analysis. The spatial distributions of the output
beam's Stokes parameters were presented for input light that
was either linearly or circularly polarized. The distinctive polari-
zation fringe patterns of the spatial Stokes parameters and
corresponding degree of polarization were quanti�ed using
Stokes formalism in conjunction with Mueller matrix calculus,
displaying consistent agreement between theoretical analysis
and experimental data. For certain aperture-determined input
diameters of linearly polarized light, very low DOP values of
5% were achieved, which demonstrates the Cornu depolarizer's
potential to produce spatially randomly unpolarized light of
high �delity for an arbitrary orientation of the input polari-
zation axis. Considering the circular birefringence of quartz,
this can be done seamlessly across a wide wavelength range
from the UV to near-IR [66]. Polychromatic input light can
also be accommodated, since dispersion adds positively to the
polarization scrambling. Furthermore, partially polarized light
is accessible by simply tuning the aperture diameter. Since inten-
sity statistics, spatial correlations, and noise levels are preserved,
this robust depolarization scheme is advantageous for certain
scenarios compared to other methods that rely on temporal
depolarization such as pseudo-thermal light sources [67] (scat-
tering by rotating diffuser discs) or rotating wave-plates [58].
The birefringent trait present in a variety of crystalline materials

provides �exibility with regard to parameters such as optical
rotary power [48].

In conclusion, these �ndings demonstrate that the Cornu
depolarizer remains an indispensable tool for the controlled
generation of unpolarized light. This characterization of the
Cornu depolarizer reconciliated theoretical predictions with
experimental data and serves as guidance for the design and
selection of appropriate parameters of a Cornu depolarizer for
future applications.
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