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Abstract

Polarizing prisms are often used in applications where light is split into two separate
beams of orthogonal polarization, or to isolate a beam with a preferred polarization
state. These prisms are typically used with lasers, but there are applications of
their use with imaging systems. One such example is that of a recently developed
focusing schlieren system, where light must be transmitted through a Rochon prism
in both the forward and backward directions. Three Rochon prisms were charac-
terized in this study in terms of their transmitted intensity and polarization state:
a quartz/quartz prism, a glass/quartz prism, and a MgF2/MgF2 prism. Laser test-
ing at four wavelengths was performed, along with full clear aperture collimated
LED light testing at a single wavelength. The glass/quartz and MgF2/MgF2 prisms
operated in the same manner when light was transmitted in either the forward or
backward direction. The quartz/quartz prism, however, exhibited differences be-
tween operation in the forward and backward direction. In the forward orientation
for input plane polarized light, the transmitted intensity varied sinusoidally as a
function of height of incidence through the prism, while the polarization of the
unrefracted and refracted beams were uniform and orthogonally polarized. In the
backward orientation, the intensity for both unrefracted and refracted beams was
uniform, but the azimuthal orientation of the output plane polarized light varied
sinusoidally as a function of height of incidence through the prism, while remaining
orthogonally polarized between the two beams at each position.

1 Introduction

Polarizing prisms are widely used for optical applications in which the incident light
to the prism must be split into two orthogonally polarized beams, which can then
be blocked/reflected from the system or used for further analysis. Nicol and Glan-
type (Foucault, Thompson, Taylor) prisms transmit one of the rays while internally
reflecting the other, isolating a beam with a single polarization. Beam displacers,
typically constructed from calcite, are used to laterally displace two beams of or-
thogonal polarization, both exiting the prism parallel to each other. Wollaston and
Nomarski prisms are used to refract both output beams by opposite angles about the
prism’s optical axis, where the Wollaston prism splits the beams exiting the prism
and the Nomarski prism first crosses the beams some distance from the prism’s exit
face. Rochon and Sénarmont prisms transmit one beam undeviated, while the other
is refracted relative to the first beam. Further information on prism types and their
uses can be found in [1].

While polarizing prisms are used extensively with laser systems, they have also
seen use in imaging applications. Perhaps the most well-known use of polarizing
prisms in imaging applications is that of differential interference contrast (DIC) mi-
croscopy, where Wollaston and Nomarski prisms are often used [2–4], but Sanderson
prisms have also been recently implemented [5]. Another common application of
polarizing prisms for imaging is for schlieren interferometry. In this technique, both
Wollaston prisms [6,7] and Sanderson prisms (for sensitivity adjustment) [8–10] are
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common.
A focusing schlieren system that implements both a Rochon prism and polariz-

ing beamsplitter, and which only requires the use of a single source/cutoff grid was
detailed by Bathel and Weisberger [11]. The benefit of this system is that a match-
ing cutoff grid need not be fabricated to precisely match that of the source grid,
which has historically been the most time-consuming aspect of the focusing schlieren
system setup [12,13]. The baseline system in [11] makes use of a quartz/quartz Ro-
chon prism, where light is transmitted through the prism in both the forward and
backward directions. In this system, the light passing through the Rochon prism
in the backward direction is used to project an image of the grid onto a retrore-
flective background and experiences no refraction. Upon retroreflection, the light
is re-imaged by the system and passes through the Rochon prism in the forward
direction, and is refracted by a small angle relative to the instrument’s optical axis
before an image of the projected grid is made incident on the original grid element.
This small angle results in an offset between the original grid and the image of the
projected grid. By moving the position of the Rochon prism relative to the original
grid, different levels of cutoff of the projected grid can be achieved, which result in
varying levels of sensitivity similar to the knife edge adjustment of a conventional
schlieren system [14].

The Rochon prism in [11] was chosen for its ability to allow one polarization
to transmit through the prism undeviated, while the orthogonal polarization is re-
fracted by a small angle (similarly, a Sénarmont prism could have been used). The
magnitude of this angle depends on the crystalline materials used to construct the
prism, structure angle (α), and wavelength of light transmitted through the prism
(λ). Because polarizing prisms (such as the Rochon prism) are generally used with
light propagating through in only one direction, there are few references devoted
to the topic of light transmission in the reverse direction, which note that these
prisms do not operate in the same manner in both the forward and backward di-
rections (e.g., [15–17]). Further, few, if any, references exist that describe the use
of such polarizing prisms for imaging applications where the full clear aperture
of a large-diameter prism is used, as most applications involve either the manip-
ulation of light of small-diameter laser beams or microscopic imaging (such as in
DIC). During initial testing with a quartz/quartz Rochon prism in the focusing
schlieren system, differences between the transmission characteristics of the prism
when light was passed in either the forward or backward direction were observed,
including spatially-varying intensities and polarization states across the clear aper-
ture of the optic. These observations provided motivation for the work described in
this paper, which is to provide a comprehensive understanding of the transmission
characteristics of a Rochon prism when used in imaging applications that require
light transmission in both the forward and backward directions.

Two distinct measurements are made in this paper to characterize how the Ro-
chon prism performs in laser transmission and imaging applications when light is
transmitted in the forward and backward directions. The first measures the output
intensity and polarization state of light from four laser sources (blue at 403.5 nm,
green at 516.5 nm and at 532 nm, and red at 638.9 nm) as a function of incidence
height through the prism. The second uses LED light at 630 nm collimated to a
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diameter of 101.6 mm which is transmitted through the prism to evaluate the in-
tensity and polarization of transmitted light over the entire clear aperture. Results
from these two tests for the quartz/quartz Rochon prism in the forward orienta-
tion are discussed in Section 3.1, and for the backward orientation in Section 3.2.
The performance of two Rochon polarizing prisms fabricated with alternative ma-
terials, one of glass and quartz and the other entirely of magnesium fluoride, are
characterized and compared with the performance of the quartz/quartz polarizing
Rochon prism in Section 4. Finally, the use of this prism applied to the projection
of a Ronchi ruling for a focusing schlieren system is discussed in Section 5, along
with a discussion of the benefits and drawbacks associated with their use in imaging
applications.

2 Experimental Setup

2.1 Rochon Prisms

Three Rochon prisms (RP) are used in this study, each fabricated from two equally-
sized, right triangular halves1 that are cemented together at an angled interface
(using Norland Optical Adhesive 61, n = 1.56), with nominal structure angle α
between the bottom/top face and the interface. The first prism is made from two
quartz halves (RP-QQ, α = 46.5◦), the second from one half glass and the other half
quartz (RP-GQ, α = 76.0◦), and the third from two magnesium fluoride (MgF2)
halves (RP-MM, α = 79.0◦). Schematics and corresponding images of the three
prisms can be seen in Fig. 1, with the incident ray denoted by a black arrow, and
the unrefracted and refracted rays denoted by green and purple arrows, respectively.
The height of the beam incident on the prism, h, is measured from the center of the
laser beam spot to the bottom of the prism. The prism axis is defined here as the
axis intersecting the center of face A and face B at normal incidence. The forward
orientation of the prism refers to applications where light first passes through the
prism half with its optic axis aligned with the prism axis, or the glass half for the
RP-GQ (initially incident on face A). The backward orientation of the prism refers
to applications where light first passes through the prism half with its optic axis
orthogonal to the prism axis and parallel to the interface plane (initially incident on
face B). In the schematics of Fig. 1, the prisms are shown operating in the forward
orientation.

The RP-QQ measures 50 mm cubed, and the birefringent quartz has an ordinary
and an extraordinary index of refraction of no = 1.54270 and ne = 1.55175 (at
630 nm), respectively, computed with the Sellmeier relation in [18] used by the
prism manufacturer (United Crystals). In prism half A, light is transmitted such
that its propagation direction is aligned parallel to the optic axis of the quartz
material, denoted with a black line at the bottom right of the prism in Fig. 1(a).
In prism half B, the optic axis of the quartz material is oriented orthogonal to the
direction of propagation of light and parallel to the interface plane, denoted with a

1In reality, the halves are trapezoids, with one of the base lengths being very small to avoid
chipping of the material during fabrication.
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Figure 1: Schematics (a,c,e) and images (b,d,f) of the quartz/quartz (a,b),
glass/quartz (c,d), and MgF2/MgF2 (e,f) Rochon prisms. Light is shown propa-
gating through the prisms in the forward direction.

black circle at the bottom right of the prism. Any refracted light from this Rochon
prism (purple arrow) is angled nominally at 30 arc minutes with respect to the prism
axis, and in a plane parallel to the sides of the prism. A 7.5 arc minute RP-QQ
was also constructed for this study to determine how α modified prism performance.
Details of this study are discussed briefly in Section 3.
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In the glass/quartz prism RP-GQ (schematic in Fig. 1(c)), an isotropic index-
matched glass (n = 1.54566) replaces the half A quartz material, as suggested by
Ammann and Massey [15]. Due to the small mismatch between the glass index
of refraction and the quartz ordinary ray index of refraction (∆n = 0.003 at λ =
630 nm), the typically unrefracted ray exiting the prism will in fact be refracted
very slightly; a wavelength of λ = 556 nm is required for an exact index match.
The prism was constructed with a clear aperture of 50×50 mm, a nominal splitting
angle of 7.5 arc minutes, and a resulting thickness of 16 mm.

The MgF2/MgF2 prism RP-MM (schematic in Fig. 1(e)) is constructed of the
same material for both halves, and as with the RP-QQ prism, the unrefracted ray
is exactly unrefracted. The ordinary and extraordinary index of refraction are
no = 1.37703 and ne = 1.38881 (at λ = 630 nm), respectively, computed using
the Sellmeier relation in [19]. This prism again has a clear aperture of 50× 50 mm
and a nominal splitting angle of 7.5 arc minutes, while the thickness is 17.5 mm.

2.2 Laser Measurements

In the first experiment, the intensity and polarization transmission characteristics
of the Rochon prisms in both the forward and backward orientations were examined
using linearly polarized laser light sources. The experimental setup for this test
is shown in the schematic of Fig. 2. The light from a λ = 532 nm laser light
source (Spectra Physics, Excelsior 532 Single Mode) first passes through a variable
polarizing beamsplitter (PBS) (Thorlabs, VA5-532) which performs two functions:
first, it acts as a variable attenuator to control the transmitted laser power using
the half-wave plate (HWP1), and second, it ensures the polarization state of the
transmitted beam is linearly vertically polarized. Because the extinction ratio of
the PBS is not adequate for these measurements (3× 103:1), a linear polarizer (LP)
(Thorlabs, LPVISA100-MP2) is used to ensure the highest quality linear vertical
polarization state is achieved (3 × 106:1). A half-wave plate (HWP2) (Thorlabs,
WPH10M-532) is then used to rotate the linear vertical polarization to any linear
polarization orientation between horizontal and vertical states, allowing for precise
control over the input to the RP. This half-wave plate was mounted to a motorized
rotation stage (Thorlabs, K10CR1) to enable precise and repeatable adjustment of
its fast axis. The RP is placed in either the forward (Fig. 2(a)) or the backward
(Fig. 2(b)) orientation, and is fixed to a pedestal on a motorized vertical translation
stage (Thorlabs, MTS50-Z8) to obtain measurements at varying heights of the laser
through the prism. The two beams that exit the prism, one unrefracted and one
refracted, are then analyzed by a polarimeter (Thorlabs, PAX1000VIS) that was
mounted to a motorized translation stage (Thorlabs, MTS25-Z8) to repeatably move
back and forth between beam positions. The descriptor of the measured beam can
be seen at the right of each schematic, where ‘F’ denotes the forward orientation,
‘B’ the backward orientation, ‘U’ the unrefracted beam, and ‘R’ the refracted beam.
The data acquisition system was automated to ensure the highest accuracy and
precision of the measurements.

To quantify how the measured values change with wavelength, three additional
laser wavelengths are used: 403.5 nm (Thorlabs, PL205), 516.5 nm (Thorlabs,
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B:R
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Figure 2: Laser testing schematics for the (a) [F]orward and (b) [B]ackward orien-
tation of the quartz Rochon prism, with [U]nrefracted and [R]efracted rays labeled.

PL201), and 638.9 nm (Thorlabs, PL202). The output power of these lasers is
lower than that of the 532 nm laser, and so the HWP1/PBS attenuator is removed
from the system of Fig. 2. The LP mentioned previously is replaced with a broad-
band linear polarizer (Edmund Optics, #470316, 400− 700 nm) to operate over the
range of the three wavelengths used here. Only linearly-vertically polarized light is
used for the measurements with these lasers, so the LP is oriented with its transmis-
sion axis vertical, and the HWP2 is removed from the system. To achieve maximum
transmitted intensity for these lower power lasers, their output linear polarization
state is aligned with the transmission axis of the LP.

The polarization state of light is described using the azimuth and ellipticity of
the polarization ellipse. The azimuth is defined as the angle between the major
axis of the polarization ellipse and the x axis (when light propagates along the z
direction). The ellipticity is then calculated as the inverse tangent of the ratio of
the semi-minor axis to the semi-major axis dimensions, with a range between ±45◦.
When the ellipticity is positive, the light is right-handed, when it is zero, the light
is linearly polarized, and when it is negative, the light is left-handed. At ±45◦, the
light is circularly polarized, whereas at values between 0◦ and ±45◦, the light is
elliptically polarized. With an ellipticity of 0◦, when the azimuth is 0◦, the light is
linearly-horizontally polarized (LHP), whereas when the azimuth is ±90◦, the light
is linearly-vertically polarized (LVP).

2.3 Collimated Light Measurements

To qualitatively validate the laser test data obtained from the experimental setup
of Fig. 2, an imaging system is used comprising a large collimated beam of light
from a 630 nm LED source (Lightspeed Technologies, HPLS-36DD18B) to fully
encompass the clear aperture of the RP. Schematics of the system for both the
forward and backward orientations of the RP are shown in Fig. 3(a) and Fig. 3(b),
respectively. While light from the LED is initially unpolarized, it is directed through
a linear polarizer (LP1) (Edmund Optics, #47-316) to linearly polarize the light in
any azimuthal orientation. The diverging light from the LED is collimated by a
101.6 mm diameter, 500 mm focal length lens (CVI Optics, AAP-500.0-101.6-675),
such that the collimated beam’s diameter is larger than the 50 mm clear aperture
of the RP. The light then passes through the RP in either the forward direction
(Fig. 3(a)) or backward direction (Fig. 3(b)), then through an optional second linear
polarizer LP2 (American Polarizers, AP38-006T), and is incident on a white viewing
screen (Thorlabs, EDU-VS1) located a distance d from the RP, where images are
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acquired by a CMOS camera (Basler, acA1920-150um) located slightly off-axis to
avoid interference with the projected light. Some components are colored in blue,
and are optionally added and removed from the system to highlight certain aspects
of the RP’s polarization transmission characteristics.

RP LP2

LP1

Lens

Red LED

CMOS

Object

Viewing
Screen

d

(a)

Viewing
Screen

RP LP2

LP1

Lens

Red LED

CMOS

Object d

(b)

Figure 3: Collimated LED light testing schematics with Rochon prism oriented
in the (a) forward and (b) backward directions. Blue components are optionally
included to characterize various aspects of polarization transmission through the
RP.

3 Quartz/Quartz Rochon Prism

3.1 Forward Orientation

The transmitted power using the laser setup of Fig. 2(a) is plotted in Fig. 4 for
both the unrefracted (green) and refracted (purple) output beams for varying LVP
incident beam heights, h. Sub-figures (a) through (c) correspond to data taken with
three laser wavelengths: 638.9 nm, 516.5 nm, and 403.5 nm, respectively. For a
single input linear polarization state, the output power varies sinusoidally with h
(solid fit lines), where the output power for the unrefracted and refracted beams are
exactly out-of-phase. The polarization state was also measured for the unrefracted
and refracted beams at every vertical position through the RP-QQ; the unrefracted
beam exited as LVP light over the entire clear aperture, while the refracted beam
exited as LHP light over the entire clear aperture, regardless of the incident beam
height on the RP-QQ.

The out-of-phase nature of the unrefracted and refracted beams, and the change
in sinusoidal frequency at different light wavelengths in Fig. 4 can be explained
using the ray diagrams of Fig. 5. In Fig. 5(a), a single beam is incident normal
to the entrance face of the prism with both vertical (line) and horizontal (circle)
polarization components. In prism half A, both components travel along, and are
orthogonal to, the optic axis. Thus, they both propagate with the same speed as
dictated by the ordinary index of refraction, no, and are called ordinary rays (o-ray).
At the angled interface, this beam is split into two separate beams with orthogonal
polarization states. The LVP component (green), still orthogonal to the optic axis,
continues as an o-ray, unrefracted through the second prism half because there is
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Figure 4: Forward RP-QQ orientation power measured after the RP-QQ for unre-
fracted (green) and refracted (purple) beams, at various LVP incident beam heights,
for laser wavelengths (a) 638.9 nm, (b) 516.5 nm, and (c) 403.5 nm.

no change in index of refraction at the interface. The LHP component (purple)
is now parallel to the optic axis in the second prism half, where it becomes the
extraordinary ray (e-ray) with its refraction dictated by the extraordinary index of
refraction, ne. The parenthetical labeling of the beams indicates their o-ray/e-ray
state in prism halves A and B. As quartz is a positive uniaxial crystal, ne is larger
than no, and in passing through the interface, the LHP beam refracts toward the
interface normal. Note that the (o,e) beam is also further refracted at the exit face of
the prism, but this is not included in the schematic. There is also a phase difference
between the two rays in the second half of the prism, where due to the larger index
of refraction, the e-ray propagates more slowly than the o-ray.

When light travels along the optic axis in quartz, it experiences optical activity,
in which plane polarized light is rotated azimuthally by the specific rotation, ρ
(◦/mm), which is a function of the wavelength of light. In Fig. 5(b), three LVP
rays are incident at different heights in the prism. Due to the different propagation
distances through prism half A up to the interface, the azimuthal orientation of the
plane polarization of each ray is rotated by a different amount. For example, the
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Figure 5: Ray diagrams of the RP-QQ in the forward orientation (a) for a single ray
of light with both vertical and horizontal polarization components (or unpolarized)
and (b) for multiple LVP light rays at various incident beam heights.

top ray arrives at the interface as LVP light, the bottom ray as LHP light, and the
middle ray as 45◦ light. The top ray continues fully unrefracted through prism half
B, the bottom ray is fully refracted, and the middle ray is split into two orthogonal
polarization components, one unrefracted and one refracted. If measuring only the
unrefracted beam or only the refracted beam, the power varies sinusoidally over
the height of the prism as seen in Fig. 4. Because the specific rotation is larger
for shorter wavelengths, the frequency of the oscillation increases for decreasing
light wavelengths. This can also be seen in images of a finite diameter laser spot
(approximately 3 mm) in Fig. 6 for three wavelengths, where the bottom and top
circles are the unrefracted and refracted beams, respectively. From left to right, the
height of the incident beam on the entrance face was moved from 2 mm to 10 mm
in increments of 0.5 mm, and false-color is used to represent the three wavelengths.
For shorter wavelengths (e.g., 403.5 nm), the azimuthal rotation is larger across
the diameter of the laser spot, and the dark attenuation band is narrow enough
that some of the laser spot is visible even with the band centered on the beam.
Conversely, for longer wavelengths (e.g., 638.9 nm), the azimuthal rotation is smaller
across the diameter of the laser spot and so the attenuation band is wider, with
less of the laser spot visible when the band is centered on one of the beams. The
inverse variation of azimuthal rotation with wavelength is discussed in more detail in
Section 3.2. These images also demonstrate the out-of-phase nature of the sinusoidal
intensity attenuation of both beams; when one beam is attenuated (e.g., refracted),
the other beam is not (e.g., unrefracted). Further, if the structure angle, α, of the
interface were changed, the frequency would again change (a larger structure angle
results in lower frequency and vice versa). The images of Fig. 6 also show why the
minimum power for the plots in Fig. 4 increases for shorter wavelengths, as the dark
attenuation band never fully attenuates either beam. Note that with a smaller laser
beam diameter, the minimum power values recorded would approach zero.

The specific rotation of the quartz material can be determined from the plots
of Fig. 4. Because the peak power is reached when the interface polarization state
is either LVP (for the unrefracted beam) or LHP (for the refracted beam), the po-
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403.5 nm

516.5 nm

638.9 nm

Figure 6: Laser beam images of unrefracted (lower) and refracted (upper) beams for
three wavelengths. Attenuation of the beams is a function of the laser spot diameter
(approximately 3 mm) and the specific rotation, ρ. False-color is used for images to
denote the wavelength.

larization azimuth must have rotated 180◦ from one peak to the next, in either the
unrefracted or refracted data. By dividing the difference in prism half A propaga-
tion distance (known from the structure angle) by 180◦, the specific rotation for each
wavelength is obtained: ρ = 18.14±0.05 ◦/mm at 638.9 nm, ρ = 28.77±0.08 ◦/mm
at 516.5 nm, and ρ = 48.99± 0.17 ◦/mm at 403.5 nm. These values were computed
for each wavelength using both the unrefracted and refracted data, and the uncer-
tainty is the 1σ standard deviation of all the peak-to-peak measurements. Further
comparisons of the specific rotation to experimental data and values from existing
literature are detailed in Section 3.2.

While only a single polarization state (LVP) incident on the RP-QQ is shown
in Fig. 4, tests for other input polarization states were conducted, and indicated
that for any incident linear polarization state, both unrefracted and refracted beams
are transmitted simultaneously, with the same out-of-phase sinusoidal trend shown
in the figure. If circularly polarized (or unpolarized) light is incident, however,
the sinusoidal pattern will not be visible because at every beam height, both the
unrefracted and refracted beams will be produced with uniform intensity across h.
From these observations, it is not possible to isolate only the unrefracted or the
refracted beam when the RP-QQ is placed in the forward orientation by using only
the input polarization state. The out-of-phase relationship of the unrefracted and
refracted beams is unique to the laser testing because for each incident beam height,
the polarimeter was moved to either the unrefracted or refracted beam position to
make the power measurement. Because the refracted beam from the prism is split
away from the unrefracted beam at an angle, the projected intensity variation will
not be exactly out-of-phase at every position on the viewing screen for the collimated
LED light testing.

This is verified using the collimated LED light testing setup shown in Fig. 3(a).
The polarization state incident on the RP-QQ was set to LVP using the LP1 for all
subsequent images, as other input linear polarizations simply shift the phase of the
sinusoidal intensities for both beams over prism’s clear aperture. Images for three
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viewing screen positions relative to the RP-QQ exit face are shown in Fig. 7: (a) d =
600 mm, (b) d = 900 mm, and (c) d = 1200 mm. Each image has three sub-images
side-by-side. The left image is taken without the LP2, and so is a combined image of
the unrefracted and refracted beams on the plate (denoted by C). The middle and
right images are taken with the LP2 in the vertically-transmitting (unrefracted, U)
and horizontally-transmitting (refracted, R) orientations, respectively. These two
beams can be completely isolated with the LP2 because, as measured from the laser
test data, each beam is uniformly linearly polarized over the entire clear aperture
of the RP-QQ, and both are orthogonally polarized relative to each other.
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Figure 7: (a-c) Viewing screen images of the intensity without LP2 [C], with LP2

oriented to be vertically-transmitting [U], and with LP2 oriented to be horizontally-
transmitting [R]. (d-f) Corresponding plots of vertical profiles for the C, U, and R
images, extracted from width-averaged profiles of the dashed yellow boxes.

For the combined, unrefracted, and refracted images for each viewing screen
position, a vertical profile was extracted (averaged across the width of the dashed
yellow boxes in Figs. 7(a-c)), and the intensity plotted versus the image pixel in
Figs. 7(d-f). The extracted profile extends from the bottom to the top of the
clear aperture of the prism in the unrefracted image. Both the intensities and
pixel numbers are arbitrary, as only qualitative trends are discussed here. Larger
pixel values indicate lower positions on the images. Note that a slight crease in
the paper fixed to the viewing screen can be seen in the middle sub-images, but
the extracted profiles do not include this region. In Figs. 7(a,d), the plate is at a
distance (d = 600 mm) such that the unrefracted and refracted fringes are exactly
aligned, and so the combined profile is highly pronounced as a result of near-total
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“constructive” intensity superposition. In Figs. 7(b,e), the viewing screen was
moved 300 mm further from the RP-QQ exit (d = 900 mm), and the refracted
beam’s fringe has shifted higher in the image (lower in pixel-space). The fringe
pattern is still visible in the combined image, but the contrast between the bright
and dark fringes has noticeably decreased. In Figs. 7(c,f), when the viewing screen
is moved a further 300 mm from the RP-QQ exit face (d = 1200 mm), the combined
image/plot shows uniform illumination over the entire prism clear aperture. The
unrefracted and refracted beams in this instance are exactly out-of-phase, and so
their combination produces the uniform illumination, with no visible fringes as a
result of near-total “destructive” intensity superposition. The results of this test
also allow for the refraction angle of the prism to be verified using the viewing
screen separation distance from the RP-QQ and the wavelength of the intensity
patterns observed in Figs. 7(a,d) and Figs. 7(c,f). The data of Fig. 4(a) are used,
while noting that the wavelength of the laser is slightly different than the LED
(638.9 mm vs. 640 nm). The peak separation distance from Fig. 4(a) is 10.45 mm.
As the viewing screen was moved from d = 600 mm to d = 1200 mm, the sinusoidal
intensity pattern of the refracted beam was shifted by one half of its wavelength, or
5.23 mm. The resulting refraction angle is then tan−1 (5.23/600) = 0.5◦, comparing
favorably to the 30 arc minute splitting angle specified by the manufacturer.

The same test was also performed with the 7.5 arc minute RP-QQ described
in Section 2.1 with the resulting frequency of the intensity bands being noticeably
lower than those shown in Fig. 7. This reduction in frequency is a consequence of
the increased structure angle of the prism, which results in a more slowly varying
prism half A propagation distance as a function of beam incidence height, h.

There are three key takeaways from this section. The first is that both the
unrefracted and refracted beams are always transmitted simultaneously when used
in imaging applications where a significant portion of the prism’s clear aperture is
used to transmit light, regardless of the input polarization state to the prism (or lack
thereof). In these imaging situations, it is thus not possible to isolate either of the
beams based on the input light’s polarization state. The transmitted intensity of the
unrefracted and refracted beams varies sinusoidally along the height of the prism if
the input beam is plane polarized in any azimuthal direction. The second takeaway
is that the polarization state of the unrefracted beam is always LVP, and that of
the refracted beam is always LHP, regardless of incident beam height in the prism.
The final takeaway is that for input light that is linearly or elliptically polarized, the
frequency of the transmitted intensity variation for each beam increases or decreases
with decreasing or increasing structure angle, respectively.

3.2 Backward Orientation

The orientation of the RP-QQ was reversed to make measurements through the
prism in the backward orientation, as shown in Fig. 2(b) for the laser testing and in
Fig. 3(b) for the collimated light testing. Transmitted power and polarization data
from the laser setup are shown in Fig. 8(a) and Fig. 8(b), respectively, using the
532 nm laser. In Fig. 8(a), the input linear polarization azimuth to the RP-QQ is
plotted on the horizontal axis; azimuths between 0◦ (LHP) and ±90◦ (LVP) remain
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linearly polarized because the HWP2 simply rotates the linear polarization azimuth
(ellipticity is 0◦). When incoming light to the RP-QQ is LVP, the unrefracted
beam is fully transmitted, and no refracted beam is observed. Conversely, when the
incoming light is LHP, no unrefracted beam is observed while the refracted beam
is fully transmitted. When the incoming beam’s azimuth is ±45◦ (denoted by the
vertical dashed lines in Fig. 8(a)), both the unrefracted and refracted beams are
equally transmitted because equal parts of vertical and horizontal polarization are
present in the incident beam. Transmitted power data were taken at multiple vertical
positions through the RP-QQ, and the measured power transmission characteristics
remained unchanged. Only two of these vertical positions are plotted in Fig. 8(a)
(squares for h = 2 mm and triangles for h = 24 mm) for clarity, and the solid lines
are sinusoidal curve fits to the square data points. This indicates that when light
with a single linear polarization state enters the RP-QQ in the backward orientation,
the intensity of the unrefracted and/or refracted light exiting the RP-QQ will be
uniform over the entire clear aperture.
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Figure 8: (a) Power measured after a backward oriented RP-QQ for unrefracted and
refracted beams at two incident beam heights, and (b) output linear polarization
azimuth/ellipticity as a function of prism half A propagation distance, using a laser
wavelength of 532 nm.

The HWP2 was then used to orient the light’s polarization state to either LVP
(full unrefracted beam transmission) or LHP (full refracted beam transmission).
The beam was made incident on face B of the RP-QQ at incremental heights from
near the bottom of the prism (h = 2 mm) to near the top of the prism (h = 48 mm),
and using the structure angle of α = 46.5◦, the propagation distance through each
prism half was calculated. The transmitted azimuth and ellipticity are plotted
versus the propagation distance of the unrefracted beam in Fig. 8(b), noting that
the propagation distance for the refracted beam is actually slightly larger than the
unrefracted. The results of this plot can be explained with the help of the ray
diagrams of Fig. 9. Three incident LVP light beam heights are shown in Fig. 9(a),
and because the polarization is orthogonal to the optic axis in the prism half B, the
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beams all propagate as o-rays and arrive at the interface plane as LVP light. In
the prism half A, the LVP light beams remain orthogonal to the optic axis, and so
continue as o-rays in this half without experiencing any refraction. However, because
the light is now traveling along the optic axis, the linear polarization azimuth is
rotated by the specific rotation of the quartz due to optical activity. The azimuthal
angle of each beam as it reaches face A is a function of the propagation distance
through prism half A and the wavelength of light. A similar phenomenon occurs for
input LHP light (Fig. 9(b)), except that in prism half B, the LHP light is parallel
to the optic axis and is an e-ray. In prism half A, these beams become o-rays,
and so are refracted away from the interface normal (no > ne). These beams also
experience optical activity because they have a component of travel along the optic
axis. The linear variation of the output polarization azimuth in Fig. 8(b) for both
the unrefracted and refracted data is a result of this optical activity over the entire
clear aperture of the prism. The specific rotation, ρ, is determined using a linear
regression for each segment of data, and for both the unrefracted and refracted
beams, ρ = 26.77± 0.06 ◦/mm, where the uncertainty is computed as the standard
deviation (1σ) of all the linear regressions. This value compares favorably to that
of Jenkins and White [17], where for quartz at 532 nm, ρ is interpolated to be
approximately 27.1 ◦/mm. The consequence of these results is that while the exiting
intensity from the backward oriented RP-QQ is uniform for either the unrefracted
or refracted beam, the output polarization state varies as a function of propagation
distance through the prism half A, and thus the linear polarization azimuth over
the height of the prism constantly changes.

(a) (b)

Figure 9: Ray diagrams of the RP-QQ in the backward orientation (a) for multiple
LVP light rays at various incident beam heights and (b) for multiple LHP light rays
at various incident beam heights.

The collimated light testing shown schematically in Fig. 3(b) for the backward
orientation is able to qualitatively show the state of polarization transmitted through
the RP-QQ over its entire clear aperture, as opposed to a single laser beam with data
points from discrete positions. Three images are presented in Fig. 10 for qualitative
comparison to the power data from Fig. 8(a), and are obtained by setting the LP1 to
three representative azimuthal orientations (0◦, 45◦, and 90◦) and by removing the
LP2. The object, a ball-end hex driver, is included to clearly show the unrefracted
and refracted behavior of the projected light which forms a silhouette of the object
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on the viewing screen. The outer circular edge between the light and dark regions
in these images represents the extent of the entire collimated, 101.6 mm diameter
beam. Inside this bright region, the optical post and stand used to mount the
50 mm-cube RP-QQ are visible, along with the RP-QQ itself and the ball-end hex
driver.

45o 90o0o

(a) (b) (c)

Figure 10: Backward-oriented RP-QQ collimated light images for three azimuthal
transmission axes of the LP1. For these images, the LP2 was removed and the ball-
end hex driver object was included (see Fig. 3(b)).

When the incident light on prism face B is LHP (0◦) as in Fig. 10(a), only
the refracted beam is fully transmitted, with uniform intensity over the entire clear
aperture. Here, the shadow of the ball-end hex driver through the RP-QQ is re-
fracted upward, and appears fully dark. When the incoming light is LVP (90◦) as
in Fig. 10(c), only the unrefracted beam is fully transmitted, again with uniform
intensity. The shadow of the ball-end hex driver in the image is unrefracted, and
is again fully dark. When the incoming light is now azimuthally rotated to 45◦,
the unrefracted and refracted transmitted light beams have equal intensity, and are
both uniform over the clear aperture. The shadow of the ball-end hex driver appears
split between the unrefracted and refracted positions, with the bottom shadow from
the unrefracted light and the top shadow from the refracted light. In this image, the
intensity for the top portion of the refracted shadow and the bottom portion of the
unrefracted shadow is observed to have reduced contrast as a result of the oppositely
refracted beams being incident on these portions of the respective shadows. In the
middle, where the two beams overlap, the shadow of the ball-end hex driver appears
fully dark, as no light from either the unrefracted or refracted beam is incident on
this region of the viewing screen. Since the refracted light exits the RP-QQ at an
angle relative to the unrefracted light, any adjustment of the viewing screen either
away from or towards the RP-QQ would result in the shadows being either further
separated or more overlapped with one another, respectively.

To qualitatively verify that the output polarization azimuthal angles are rotated
as a function of the height of incidence through the backward oriented RP-QQ as
shown in Fig. 8(b), the LP1 was set to 90◦ to transmit LVP light, and the LP2 added
to the system at three rotational positions: 90◦, 45◦, and 0◦. All three images are
combined in Fig. 11 with the appropriate LP2 angles indicated. The LP2 slightly
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90o 45o 0o

Figure 11: Backward RP-QQ collimated light polarization testing for LVP input
light at three azimuthal angles of the LP2, indicated on their respective portion of
the image.

attenuates the transmitted light even when aligned with the LP1 at 90◦, visible
in the intensity difference between the two square purple regions; the light for the
right region does not pass through the LP2, while the light for the left region passes
through the LP2 oriented at 90◦, aligned with the LP1. The orientation of the LP2 is
verified by the transmitted intensity on the viewing screen in the blue square regions
above the RP-QQ. At 0◦, the light is fully attenuated as the LP2 transmission axis
is orthogonal to that of LP1. At 90◦, the light is fully transmitted (except for the
non-ideal attenuation of the polarizer), and at 45◦, half the light is transmitted. For
the LP2 orientation of 45◦, the square polarizer did not encompass the full clear
aperture of the RP-QQ, and the bottom corner edge of the polarizer is denoted by
the red diagonal lines.

In the three RP-QQ regions of the image (separated by yellow dashed lines),
a sinusoidal intensity variation is shifted vertically as the transmission axis of the
LP2 is rotated relative to the transmission axis of the LP1. In the unrefracted (red)
data of Fig. 8(b), the azimuth of the transmitted light is continuously rotated as
a function of the product of the specific rotation and the prism half A propagation
distance. The inclusion of the LP2 (in Fig. 11) then serves to filter the transmitted
intensity of this output beam, resulting in the observed sinusoidally varying intensity
pattern. By rotating the transmission axis of the LP2, the resulting intensity pattern
observed on the viewing screen shifts linearly with this angle. This can be visualized
by drawing a horizontal line on Fig. 8(b) at the LP2 angle, where the intersection
of this line and the azimuthal data correspond to the bright peaks in Fig. 11.

A 532 nm laser was used to acquire the data of Fig. 8(b), while a 630 nm LED
was used for the data of Fig. 11. Thus, the number of peaks/troughs (four to
five) in the LED sinusoidal intensity variation does not match the number expected
from the laser data (seven) due to the strong dependence of the specific rotation on
wavelength, referred to as rotary dispersion. Figure 12(a) shows how the specific
rotation angle varies with the wavelength of light; a steeper slope indicates a larger
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Figure 12: (a) Azimuth (squares) and ellipticity (dots) as a function of propaga-
tion distance through prism half B for three laser colors: blue (403.5 nm), green
(516.5 nm), and red (638.9 nm), and (b) plot of specific rotation versus wavelength
demonstrating rotary dispersion.

specific rotation, and vice versa. In this figure, only the unrefracted beam was
monitored, and the experimental setup of Fig. 2 was altered slightly as discussed
in Section 2.2. The three laser wavelengths plotted in Fig. 12(a) are 403.5 nm
(blue), 516.5 nm (green), and 638.9 nm (red), and the line fit through each of the
appropriate data points has a slope that corresponds to the specific rotation for each
wavelength: ρ = 48.82±0.08 ◦/mm at 403.5 nm, ρ = 28.56±0.05 ◦/mm at 516.5 nm,
and ρ = 18.09± 0.03 ◦/mm at 638.9 nm. These experimentally determined specific
rotation data points, including the 532 nm value measured earlier, are plotted versus
laser wavelength in Fig. 12(b) with colored squares. Specific rotation values from
[17] are plotted with circles, and the fit from [20] is plotted with a dashed line,

ρ =
kλ2(

λ2 − λ20
)2 (1)

where k = 7.186 and λ0 = 0.0926283 µm. All the data in the figure compare
favorably. In the visible wavelength range, the specific rotation’s dependence on
wavelength can also be approximated by Cauchy’s equation [17],

ρ = A+B/λ2 (2)

where A and B are constants determined here by using a fit of the experimental
data at four wavelengths: A = −2.589 ◦/mm and B = 8.353 × 106 ◦ · nm2/mm.
This Cauchy fit is not included on the plot of Fig. 12(b) because it very nearly
overlaps the fit of [20]. Shorter wavelengths exhibit larger azimuthal polarization
rotation angles than longer wavelengths for the same change in propagation distance
through prism half A. Consequently, the spatial frequency of the intensity pattern
after passing through a linear polarizer (e.g., LP2), similar to that observed in Fig.
11, will increase as the wavelength of transmitted light is decreased. The number
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of expected peaks/troughs from the red data points in Fig. 12(a) matches those
seen in Fig. 11 (four to five). As mentioned in Section 3.1, when using the 7.5 arc
minute RP-QQ with a much larger structure angle than the 30 arc minute RP-QQ,
the propagation distance varies more slowly with incidence height, h, resulting in a
lower frequency of the transmitted polarization azimuth compared to that shown in
Fig. 11. As mentioned in Section 3.1, the larger value of ρ for shorter wavelengths
helps explain the trends of Fig. 6, where the frequency of the intensity variation is
higher for shorter wavelengths due to the faster rotation of the polarization azimuth
over the height of the prism. For both forward and backward orientations, the
azimuthal rotation takes place in prism half A, which for the forward orientation is
the first prism half the beam encounters, whereas for the backward orientation, it
is the second prism half the beam encounters.

There are two main takeaways from the backward orientation RP-QQ measure-
ments. The first is that the projected intensity is always uniform, regardless of
where the light passes through the prism. For input LVP light, the unrefracted
beam is fully transmitted, while for input LHP light, the refracted beam is fully
transmitted. For other input polarization states (or unpolarized light), both the
unrefracted and refracted beams will be transmitted simultaneously, both with uni-
form intensity. The second is that the output polarization state of the light remains
nearly fully linear, but has a varying azimuthal angle over the height of the prism
(but not the width) depending on the total azimuthal specific rotation (◦/mm) of
the light through prism half A, which is a function of the light’s wavelength. The
frequency of the azimuthal rotation of polarization decreases with an increase in
structure angle due to the smaller change in propagation distance with incidence
height, h.

4 Glass/Quartz and MgF2/MgF2 Rochon Prisms

Because the light in the prism half A travels in the same direction as the optic axis,
it was noted more than a century ago that this half of the prism could instead be
made from less expensive, index-matched glass. An angle-measuring device from
1909 used this modified Rochon prism in its design (glass-calcite) [21], and in the
late 1960s, a modified Rochon and modified Glan-Thompson prism were proposed
(glass-quartz) [15,22,23]. The laser light testing and collimated light testing outlined
earlier in Sections 2.2 and 2.3, respectively, were used to evaluate the RP-GQ design
and the RP-MM (described in Section 2.1). The RP-MM was fabricated and tested
for two reasons. The first is that light traveling through MgF2 does not experience
optical activity, and so both halves can be constructed from the material without
inducing azimuthal rotation of the polarization state. The second reason relates
to one of the minor limitations of the glass-quartz prism, where due to the slight
mismatch in the index of refraction of the glass and the quartz, the unrefracted beam
will in fact be slightly refracted. For the RP-MM, because both halves are made
from the same material, the unrefracted beam is truly unrefracted. The purpose
of these tests was to validate the hypothesis that the RP-GQ and RP-MM prisms
operate the same in the forward and backward orientations because of the absence
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of optical activity in these materials, unlike the RP-QQ described in Section 3.
The laser measurements were performed for the forward and backward orienta-

tion at four heights through the prisms using the 532 nm laser: h = 12 mm, 22 mm,
32 mm, and 42 mm. For the RP-GQ and the RP-MM in both the forward and
backward orientations, when the input polarization was LVP, the output beam was
unrefracted and remained LVP light, with uniform intensity over the entire clear
aperture. When the input polarization was LHP, the output beam was refracted
and remained LHP light, again with uniform intensity over the entire clear aper-
ture. Measurements were only acquired at four distinct locations because when the
laser was scanned through the entire height of the prisms, no changes for either the
intensity or polarization state were observed (as expected due to the lack of optical
activity effects). These laser measurements determine that the RP-GQ and RP-MM
operate the same in the forward and backward orientations.

Full clear aperture images for the collimated LED light testing of the RP-GQ
and RP-MM are shown in Fig. 13 for both the forward and backward orientations,
where sub-figures (a,b,e,f) show the RP-GQ and sub-figures (c,d,g,h) show the RP-
MM. For sub-figures (a,c,e,g), LP1 is oriented such that the input light polarization
state is LVP, so that only the unrefracted beam exits the prisms, whereas in (b,d,f,h),
the input light polarization state is LHP, so that only the refracted beam exits the
prisms. The LP2 is not included in the system for these images, but the ball-end
hex driver object is, as per the schematic of Fig. 3. The refracted beam images of
(b,d,f,h) show the object displaced vertically from its actual position at the left side
of the image. The unrefracted beam images of (c,g) show the object in the same
vertical position as the actual position. However, in the unrefracted beam images
of (a,e), the unrefracted object can in fact be seen to be very slightly refracted
downwards, which is a result of the slight mismatch of index of refraction between
the glass and quartz materials of the RP-GQ at the LED wavelength of 630 nm.
The corresponding images of (a-d) and (e-h) are indistinguishable, verifying that
the prisms operate the same in the forward and backward orientations.

The ball-end hex driver object was removed from the system, and the exiting
light’s intensity and polarization were characterized over the entire clear aperture of
the prisms, with resulting composite images shown in Figs. 14(a-d) for the forward
orientation and in Figs. 14(e-h) for the backward orientation. Each sub-figure is
a composite image of three LP2 states: removed from the system (None), oriented
with the transmission axis vertical (Vert), and oriented with the transmission axis
horizontal (Horz). Each sub-figure also has a label indicating the orientation of
the LP1, which when set to LVP allows only the unrefracted beam to transmit
and when set to LHP allows only the refracted beam to transmit, as shown in Fig.
13. The resulting images are indistinguishable for the prisms in both the forward
and backward orientations. With incoming LVP light, the unrefracted beam is
transmitted with uniform intensity and with uniform LVP polarization state. With
incoming LHP light, the refracted beam is transmitted with uniform intensity and
with uniform LHP polarization state. The slight intensity attenuation between the
appropriate cases with and without the LP2 included is due to absorption of the
linear polarizer film being used.

A comparison of the intensity and polarization transmission characteristics of
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Figure 13: Collimated light testing for (a-d) forward and (e-h) backward orienta-
tions, for the (a,b,e,f) RP-GQ and (c,d,g,h) RP-MM, with a ball-end hex driver
object to visualize refraction. Input light polarization (using LP1) for the (a,c,e,g)
unrefracted images is LVP, and for the (b,d,f,h) refracted images is LHP.

the three prisms in the forward and backward directions for both the unrefracted
and refracted beams is shown in Table 1. The RP-GQ and RP-MM operate the
same in the forward and backward orientations, and can be used interchangeably
for most applications. The only difference between the two is that the unrefracted
beam of the RP-GQ has a very small refraction angle at the wavelengths used
in this study due to the slight mismatch in index of refraction between the glass
and quartz; the unrefracted beam from the RP-MM is exactly unrefracted. The
RP-QQ, however, does not operate the same in both orientations; in the forward
orientation, the polarization azimuth is uniform while the intensity varies, whereas
in the backward orientation the opposite is true, and the polarization azimuth varies
while the intensity is uniform.

The key takeaway from the RP-GQ and RP-MM testing is that both prisms
operate the same in the forward and backward orientation, as optical activity effects
are not present within prism half A for either. In both orientations, the transmitted
light intensity for both the unrefracted and refracted beams is uniform over the
entire clear aperture (in contrast to the RP-QQ in the forward orientation). Both
the unrefracted and refracted beams have a uniform polarization state over the clear
aperture upon exiting the prism, with the unrefracted beam exiting as LVP light,
and the refracted beam exiting as LHP light.
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Figure 14: Collimated light testing for (a-d) forward and (e-h) backward orienta-
tions, for the (a,b,e,f) RP-GQ and (c,d,g,h) RP-MM. Input light polarization (using
LP1) for the (a,c,e,g) unrefracted images is LVP, and for the (b,d,f,h) refracted im-
ages is LHP. LP2 inclusion/orientation state is denoted at the top of each composite
sub-image.

5 Focusing Schlieren Imaging Application

The RP-QQ in the focusing schlieren system of [11] is oriented such that light is
projected out of the instrument through the prism in the backward orientation.
The system initially transmits light unrefracted through the prism in the backward
direction in order to project an image of a Ronchi ruling on a retroreflective back-
ground, which is reflected back toward the instrument, eventually passing through
the prism in the forward orientation and being refracted by a small angle (nominally
30 arc minutes). The refraction of light from the projected Ronchi ruling is then
made incident on the same Ronchi ruling, but at a slight offset, providing a level of
cutoff similar to the knife edge cutoff in a conventional schlieren system. It is the
magnitude of this cutoff that dictates the sensitivity of the measurement to density
disturbances at the instrument’s measurement plane. The projected image of the
ruling on the background must be sharp to achieve the highest quality focusing capa-
bility. A composite image of the projected ruling on the retroreflective background
can be seen in Fig. 15 for three input linear polarization states to the RP-QQ when
oriented in the backward direction; LHP (0◦), ±45◦, and LVP (90◦). These images
were taken with a separate off-axis camera focused on the viewing screen, which
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Table 1: Summary of prism operating characteristics for intensity and polarization
transmission for the unrefracted/refracted beams, in the forward/backward orien-
tations.

Unrefracted (LP1 → LVP) Refracted (LP1 → LHP)

Prism Orientation Intensity Polarization Intensity Polarization

RP-QQ Forward Varying Uniform, LVP Varying Uniform, LHP
RP-GQ Forward Uniform Uniform, LVP Uniform Uniform, LHP
RP-MM Forward Uniform Uniform, LVP Uniform Uniform, LHP
RP-QQ Backward Uniform Varying Uniform Varying
RP-GQ Backward Uniform Uniform, LVP Uniform Uniform, LHP
RP-MM Backward Uniform Uniform, LVP Uniform Uniform, LHP

here is a retroreflective material, and are similar in nature to the images of Fig. 10.
Sharp opaque grid lines of the Ronchi ruling are seen for both LHP (0◦) and

LVP (90◦) incident light through the backward oriented RP-QQ. From Fig. 8(a),
with an input polarization azimuth of LVP, only the unrefracted light is transmitted,
and conversely, with an input polarization azimuth of LHP, only the refracted light
is transmitted. The projected grid for the LHP case was observed to be refracted
slightly upwards from the unrefracted LVP case projected grid. At an input polar-
ization azimuth of ±45◦, both the unrefracted and refracted beams are transmitted
equally. These two projected grids are shown in the middle sub-image, where only
the overlapping portion of the projected grids is completely opaque, while adja-
cent regions above and below have an intermediate intensity as a result of overlap

0o ±45o 90o

Figure 15: Projection of a Ronchi ruling through the backward-oriented RP-QQ
onto a retroreflective background for three linear polarization azimuths incident on
the prism.
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between projected grids from both orthogonal polarization input states. For the
focusing schlieren system described in [11], the input polarization state to the RP-
QQ is always LVP, and so a sharp image of the Ronchi ruling is projected onto the
retroreflective background, enabling the high-quality focusing and imaging capabil-
ity of the system.

A final comment on the selection of an appropriate Rochon prism for use in
focusing schlieren or other bi-directional imaging applications is warranted. At
first, one may conclude after reading this manuscript that the optical activity of
the quartz material in the RP-QQ prism results in unnecessarily complex intensity
and polarization states at the output of the prism when used in the forward and
backward directions, and that an alternative prism such as the RP-GQ or RP-MM
described in this work would greatly simplify operation. However, a benefit of using
the RP-QQ prism is that the optical activity associated with the quartz material
when light propagates along its optic axis can eliminate the need for a quarter-wave
plate in the focusing schlieren instrument. With the RP-GQ and RP-MM prisms,
a quarter-wave plate is required to function as part of an optical isolator within the
instrument that ultimately rotates the polarization state of light from LVP to LHP
after light has been retroreflected (see [11] for a more detailed discussion). With
the RP-QQ in the backward direction, the LVP light that initially enters the prism
is output (completed unrefracted) with continuously-varying polarization state over
the clear aperture. When this continuously-varying polarized light returns to the
RP-QQ after retroreflection and passes through the prism in the forward orientation,
the result is a continuously-varying transmitted power over the prism face B with
both LVP and LHP polarization states. A linear polarizer can then be used to
isolate only the LHP component and form a focused schlieren image with this light
on the image sensor. Since the power in each LHP ray varies continuously after
exiting prism face B in this forward direction, the resulting intensity recorded at
a single point/pixel is the average power of each ray terminating at that point.
The result is an image of relatively uniform intensity in the absence of any density
or occluding object. This removes the need to include a large and costly quarter-
wave plate in the focusing schlieren instrument, which improves its flexibility and
reduces the mechanical and optical complexity. It should be noted, however, that
as the structure angle is increased for the RP-QQ, the frequency of the polarization
variation (in the backward orientation) and the intensity variation (in the forward
orientation) decreases, resulting in a reduction in focused schlieren image quality if
used without a quarter-wave plate.

6 Conclusions

Although polarizing prisms are generally used for laser beam polarization splitting
applications, they have found use in imaging applications as well. Typically, the
prisms are used in their forward (intended) orientation, but as demonstrated in a
recently reported focusing schlieren system, light must pass in both the forward
and backward direction for certain imaging techniques to properly function. In this
study, three Rochon prisms (RP-QQ, RP-GQ, RP-MM) were characterized in terms
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of their intensity and polarization state transmission characteristics, for both the
unrefracted and refracted beams in the forward and backward orientation. Laser
data along the height of the prisms were acquired with a polarimeter for precise
power and polarization measurements, and these data were qualitatively validated
with collimated LED light imaging over the entire clear aperture of the prisms.

With light passing through the RP-QQ in the forward direction, the projected
intensity of both the unrefracted and refracted beams varied sinusoidally over the
height of the prism for a single input plane polarization azimuthal orientation. The
polarization state of the unrefracted beam was uniformly LVP light, while that of
the refracted beam was uniformly LHP light. With light passing through the RP-
QQ in the backward direction, the projected intensity of either the unrefracted or
refracted beam was always uniform over the clear aperture, regardless of incident
beam height. However, while the outgoing polarization state was always linear for
this prism, its azimuth changed sinusoidally over the height of the prism. The sinu-
soidal variation of the intensity for the forward orientation and of the polarization
for the backward orientation are due to the optical activity of the quartz material.
From measurements in both directions, the specific rotation of quartz was measured
for various wavelengths and compared favorably to existing data. From these re-
sults, the forward and backward orientations of the prism operate nearly inverse of
each other for their transmitted power and polarization properties.

The RP-GQ and RP-MM described in this work operated the same in both the
forward and backward orientations. Both the projected intensity and the trans-
mitted polarization state were uniform over the entire clear aperture for both the
unrefracted and refracted beams. The unrefracted beam maintained its LVP state,
while the refracted beam maintained its LHP state. Due to a slight mismatch in
index of refraction of glass and the o-ray index of refraction of quartz, the RP-
GQ unrefracted beam was actually slightly refracted. This slight refraction can
be eliminated either by selecting an exact index-matched glass for the appropriate
wavelength of light used, or by selecting a material that does not experience optical
activity (such as MgF2) to fabricate both halves of the Rochon prism.

The use of the RP-QQ to project a Ronchi ruling grid onto a retroreflective
background in a focusing schlieren system was demonstrated, where LVP light was
transmitted through the prism in the backward orientation to project only the unre-
fracted light, resulting in a sharp projection of the grid which allows for the narrow
depth-of-field focusing capability. While the RP-GQ and RP-MM are excellent
options for the focusing schlieren system due to their orientation reciprocity, the
non-ideal light propagation properties of the RP-QQ can make it a viable option in
a focusing schlieren system to reduce both the overall number of optics required and
the system’s cost. The characterization of the three Rochon prisms in this study
can be used as a reference for designs of future large clear aperture imaging system
applications.
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