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We have recently obtained the first simultaneous 2-d plasma Doppler spectroscopic images of
plasma brightness, temperature and flow fields. Using compact polarization optical methods,
quadrature images of the optical coherence of an isolated spectral line are multiplexed to four
quadrants of a fast CCD camera. The simultaneously captured, but distinct images can be simply
processed to unfold the plasma brightness, temperature and flow fields. This static system, which is
a spatial-multiplex variant of previously reported electro-optically modulated, temporal-multiplex
coherence imaging systems, is based on a high throughput imaging polarization interferometer that
employs crossed Wollaston prisms and appropriate image plane masks. Because the information is
captured simultaneously, it is well-suited to high-spectral-resolution, high-throughput 2-d imaging of
transient or rapidly changing spectroscopic scenes. To illustrate instrument performance we present
recent results using a static 4-quadrant Doppler coherence imaging on the H-1 heliac at the ANU.

PACS numbers:

I. INTRODUCTION

In recent years we have been developing electro-
optically modulated polarization interferometers for
wide-field time-resolved “coherence-imaging”, with ap-
plications in plasma Doppler spectroscopy, polarization
spectroscopy, relative line intensity measurements, laser
Thomson scattering and infrared thermography [1–3] .
When the spectral content of a scene can be success-
fully represented by a small number of free parameters
(e.g. motional Stark effect, Zeeman effect, thermography,
bremsstrahlung, Thomson scattering), it is often the case
that these parameters can be recovered from measure-
ments of the complex coherence (phase and amplitude
of the interferogram) at a small number of appropriately
chosen fixed optical path length delays. Because there is
no entrance slit, the use of interferometric methods pro-
vides high light throughput and opens the possibility of
two dimensional high-resolution imaging.

In the case of a Doppler broadened multiplet, the fringe
visibility at an optical delay comparable with the spec-
tral line coherence length will decrease as the species
temperature increases. This change can be measured by
dithering or stepping the optical path length in order to
characterize the local fringe pattern. If the line centre
frequency is Doppler shifted, it is the also possible to
obtain the associated change in the interference fringe
phase. In the Doppler case, the unknown parameters are
the spectral line brightness, width and centre frequency
and the associated coherence quantities are the interfer-
ogram brightness, fringe contrast and phase.

The simplest approach to acquire spectrally resolved
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images is to use temporal or temporal-frequency domain
multiplex techniques. In the latter case, having first iso-
lated the spectral feature of interest using an interfer-
ence pre-filter, an electro-optically path-modulated po-
larization interferometer allows the targeted coherence
information to be encoded over a spread of harmonics of
the modulation frequency. The modulated light is typi-
cally detected using multi-anode phototube arrays with
modulation frequencies of 50kHz and path length ampli-
tudes up to half a wave. Temporal multiplex methods
are also well suited to CCD cameras where the interfer-
ometer path difference can be electro-optically stepped
synchronously with the camera frame rate [4]. In this
case, however, temporal resolution is limited by the cam-
era frame rate and the required number of path length
steps (minimum three).

An alternative completely static approach, the sub-
ject of this paper, utilizes a pair of Wollaston prisms
to produce independent images of the optical coherence
in four quadrants of the CCD array. Because the dis-
tinct coherence images are sampled simultaneously, the
static arrangement allows the capture and spectral imag-
ing analysis of fast transient plasma events. Combined
with field-of-view widening techniques, polarization ma-
nipulation and suitable imaging optics, it is possible to
perform fast, high-throughput, time-resolved 2-d spectral
imaging.

The paper is organized as follows. Section II briefly
reviews the operating principles of spectroscopic inter-
ferometry with emphasis on application to Doppler to-
mographic measurements of temperature and flow. This
is followed by a description of time domain modulation
techniques applied to Doppler coherence imaging with
some example data from the H-1 heliac at the Australian
National University. A static version of the instrument is
then presented in Sec. IV along with first plasma results.



II. COHERENCE METHODS FOR DOPPLER
SPECTROSCOPY AND TOMOGRAPHY

The Fourier transform spectrometer (interferometer)
splits an incident scalar wave component, relatively de-
laying the nominally equal amplitude components by
time τ before they are recombined at a square-law detec-
tor. For quasi-monochromatic light of centre frequency
ν0, the signals at the complementary interferometer out-
put ports are proportional to [3]

S±(φ0) =
I0

2

[
1±<[γ(κφ0) exp (iφ0)]

]
(1)

where I0 is the spectral line brightness, φ0 = 2πν0τ0

where τ0 is the centre-frequency time delay and the factor

κ = 1 +
ν0

τ0

∂τ

∂ν
|ν0 (2)

accounts for any optical frequency dispersion of the time
delay. The self coherence of the spectral line γ is given
by

γ(φ) =
1
I0

∫ ∞

−∞
I(ξ) exp(iφξ) dξ (3)

where ξ = (ν−ν0)/ν0 is a normalized frequency difference
coordinate.

Despite the simple linear mapping from velocity distri-
bution to emission spectrum via ξ ≡ v.l̂/c, interpretation
of Doppler spectra is complicated by the fact that for
an inhomogeneous plasma, the spectrum is the summa-
tion along the line of sight l ≡| l | l̂ of local-brightness-
weighted emission spectra of varying shape. Neverthe-
less, for a velocity distribution function f(r, v − vD)
that is isotropic in the frame drifting with local velocity
vD(r), it can be shown that multi-view measurements
of the light coherence at a single fixed delay suffice for
the reconstruction of the emissivity (dc), flow vorticity
(phase) and species temperature (fringe visibility) [5]. In
the drifting isotropic case, the local spectral coherence at
position r in the plasma takes the simple separable form

G(r, φ̂0) = exp (iφ̂0vD.l̂)G0(r, φ̂0) (4)

where it is convenient to introduce the group delay coor-
dinate

φ̂0 ≡ κφ0. (5)

For the special case of a plasma in drifting local ther-
mal equilibrium, the Fourier transform of the spectral
lineshape (the projected distribution function) in the lo-
cally drifting frame, is given by

G0(r, φ̂0) = exp (−φ̂2
0ξ

2
th/4)

≡ exp [−TS(r)/TC ] (6)

where TS(r) is the local species temperature and TC is
the instrument “characteristic temperature”

kTC =
1
2
mSV 2

C VC =
2c

φ̂0

. (7)

For optimum sensitivity to temperature changes, the
characteristic temperature is chosen to be close to the
expected source temperature requiring φ̂0vth = 2.

Measurement of the coherence γ of the emission spec-
trum in direction l̂ at phase delay φ0 delivers the fringe
contrast

ζ ≡|γ(φ̂0; l̂) |= 1
e0

∫

L

I0(r) exp [−TS(r)/TC ] dl (8)

where

e0 =
∫

L

I0(r) dl (9)

is the line-integrated brightness. Note that the fringe
contrast is insensitive to the drift velocity. Provided that
φ̂0vD ¿ 1, a quantity related to the species flow velocity
can be obtained from the interferometric phase shift

φD = φ̂0
1
e0

∫

L

I0(r) exp [−TS(r)/TC ]vD.dl. (10)

The phase offset φ̂0 can be chosen to magnify the usually
small Doppler shift component but not so large as to in-
validate the first order approximation leading to Eq. (10).
The important result is that measurements of fringe con-
trast and phase at a single optical delay can be related
directly to line integral measurements of the scalar field
I0G0 and longitudinal line integral measurements of the
vector field I0G0vD.

III. COHERENCE IMAGING USING TIME
DOMAIN MULTIPLEX METHODS

It is possible to use one or more electro-optically modu-
latable birefringent plates placed between a polarizer and
analyzer to encode coherence information over a spread
of harmonics of the modulation frequency [1]. In the sim-
plest case (see Fig. 1), a single fixed-delay waveplate is
placed with its fast axis at 45 degrees to the orientation
of a first polarizer and final analyzer. The plate mutually
delays the polarization components parallel and perpen-
dicular to the fast axis. Writing k0 = 2πν0/c, a plate of
thickness L introduces a fixed phase delay φ ≡ φ0 given
by

φ0 = k0BL = 2πν0τ0 ≡ 2πN (11)

where N is the order of interference and B = nE − nO

is the birefringence of the delay plate and nE and nO

are the extraordinary and ordinary wave refractive in-
dices respectively. If the waveplate is also electro-optic
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(e.g. LiNbO3), the application of a high voltage along
an appropriate crystal axis of the waveplate will allow
the optical path delay to be modulated in order to mea-
sure the local fringe properties. A modulated polariza-
tion interferometer is not subject to the mechanical and
acoustic noise problems normally associated with opti-
cal Fourier transform spectrometers. This simple instru-
ment has been called the Modulated Solid Spectrometer
or MOSS.
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FIG. 1: Optical layout for simple single fixed delay imaging
modulated polarization interferometer.

The simplest way to measure the coherence at delay
φ0 is to sinusoidally modulate the optical path delay by
φ1

>∼ π/2 so that the total time-varying interferometric
phase is given by

φ̃0 = φ0 + φ1 sinΩt. (12)

The high voltage modulation of the electro-optic plate(s)
is typically achieved using a function generator, a stan-
dard audio-amplifier and step-up transformer (100:1) to
produce drive voltages of up to 4kV p-p at frequencies in
the range 1-50 kHz. In practice, the modulation and de-
lay functions are often separated by using a stand-alone
lithium tantalate, zero-nett-delay modulator.

We have constructed a number of 1-d and 2-d imaging
systems for plasma cross-sectional imaging and tomogra-
phy, and using both linear and 2-d multi-anode photo-
tube arrays and fast framing CCD cameras [4, 6, 7]. The
cameras use standard F-mount lenses and 50 mm op-
tics with typically ∼ 40mm clear aperture to match that
of the birefringent plates. The systems are modular in
construction, using interchangeable flanged components
that can be bolted to an optical rail. When the interfer-
ometer is coupled to a CCD camera, a three-step mod-
ulation scheme applied synchronously with the camera
frame rate is used instead of the sinusoidal modulation.

Spectral resolution is proportional to the optical phase
delay introduced by the birefringent plate. For example,
a spectral line of width 0.1nm and centred at 500nm re-
quires a plate producing a delay of roughly κN ∼ 5000
waves in order to be sensitive to changes in the optical
coherence length. Given that the resolution of a grat-
ing spectrometer is inversely proportional to the entrance

and exit slit widths, the light throughput advantage is
most evident in high resolution applications.

Contrast degradation with increasing collection solid
angle can be remedied using crossed birefringent plates
with an intervening half wave plate [8]. The resulting
field-of-view is expanded by a factor [2

√
2n/B]1/2 ∼ 8

to typically tens of degrees or more. The instrument
response can be measured by illuminating the field of
view with a suitably diffused monochromatic light source
(laser beam or spectral lamp) having wavelength at or
near the wavelength of interest. Issues related to char-
acterization of the instrument function and performance
are presented in detail elsewhere [2].

A. Doppler spectroscopy results obtained using
time-multiplex systems

A number of modulated coherence imaging systems
have been installed and operated on the H-1 heliac[6, 7],
at the RFX reversed field pinch in Padova, Italy and
at the WEGA stellarator in the Max Planck Institute
for Plasma Physics in Greifswald, Germany[4]. A dual
temporal/spatial multiplex coherence imaging system
has also been constructed recently for operation on the
KSTAR tokamak at the Korean National Fusion Re-
search Center.

The H-1 heliac is a coil-in-tank helical-axis toroidal
magnetic plasma confinement device having major ra-
dius R = 1m and a bean-shaped plasma cross-section of
average minor radius a ∼ 0.2m. The H-1 MOSS cam-
era is mounted in front of a vacuum tank port and views
the plasma via a pair of elongated flat mirrors that are
supported inside the vacuum tank (see Fig. 2). The
plasma poloidal cross-sectional slice is imaged through
the polarization interferometer and f/4 grating spectro-
graph pre-filter onto a 16 channel multi-anode phototube
array.

H-1 poloidal plasma

cross-section

200mm wide

Internal

relay mirrors

MOSS camera

Vacuum vessel

window

FIG. 2: Diagram showing the plasma region viewed by the
H-1 MOSS camera. Mirrors internal to the vacuum vessel
direct the plasma emission from a poloidal cross-section to the
camera. The central and extreme viewing chords are shown.

The camera has been used to study the evolution of the
ion distribution function and dynamical radial force bal-
ance in rf-sustained (7MHz, 80kW) discharges in argon at
low magnetic field strengths (0.1T). Low field results are
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based on Doppler broadening of the Ar II 2D5/2 → 2P3/2

transition at 488nm. Ion temperatures range between 5
and 20 eV, increasing with magnetic field strength and
decreasing with neutral fill pressure. Raw projection data
for a low-field discharge exhibiting a spontaneous transi-
tion to improved confinement are presented in Fig.3. At
the transition the temperature increases from 9 eV to 12
eV, the density profile becomes more peaked, while there
is little change in the plasma flow speed which has a max-
imum around 1000m/s and reverses about the plasma
centre. A more comprehensive analysis of measurements
made at multiple optical delays, including measurements
of the neutral velocity distribution function indicates a
strong coupling between the ion and neutral fluids and
an accompanying distortion of the velocity distribution
function that is well explained by kinetic modeling [9].

IV. STATIC COHERENCE IMAGING SYSTEMS

To enable single snapshot 2-d spectral imaging we have
devised a polarization interferometer that multiplexes in-
dependent interferograms to 4 quadrants of a CCD ar-
ray. In this system a Wollaston prism is used as the
first polarizing element. It produces orthogonally polar-
ized images that can thereafter be angularly multiplexed
through separate, effectively independent, interferome-
ters. A balanced separation requires that the incident
light be essentially unpolarized. If this is not the case,
balance can be ensured by inserting a linear polarizer
oriented at 45◦ to the Wollaston splitting plane. A lens
following this first Wollaston produces dual overlapping
images, say Itop and Ibottom. These images can be iso-
lated using a split-field-polarizer, constructed of adjoin-
ing, orthogonally oriented polarizers, that is located in
the intermediate lens image plane (see Fig. 4). The sep-
arate, orthogonally-polarized images are collimated by a
second lens before traversing the remaining interferome-
ter optics. In effect, the two images act as independent
light sources that are angularly multiplexed through the
interferometer and imaged onto the CCD detector. The
relative optical delay of the dual images can be manipu-
lated at the mask. For example, to produce quadrature
images, a low order quarter waveplate can be cemented
to one half of the split-polarizer. It is also possible to in-
corporate one or more colour filters which isolate spectral
region(s) of interest at this first image.

The angularly separated images traverse a common
birefringent delay plate before encountering the final po-
larizer which is a second Wollaston prism oriented to split
the beams in a horizontal direction (orthogonal to the
first Wollaston prism). In conjunction with an imaging
lens, four separate and independent images are formed on
the detector. For each of Itop and Ibottom, the left and
right interferometric images (S+ and S−) can be summed
to give the total brightness image. The difference image
normalized to the sum (S+ − S−)/(S+ + S−) gives the
co-phase component of the complex coherence [see Eq.

(1)].
If a quarter wave delay is introduced into one of the

images Itop or Ibottom at the split-polarizing mask, the
resulting four images of the optical coherence will be in
quadrature about a common fixed optical delay offset.
The 4-quadrant image thereby gives a snapshot of the
local interferogram phase and contrast without recourse
to temporal multiplexing. This arrangement facilitates
very fast imaging of simple spectral scenes using, for ex-
ample, a framing streak camera. The quadrant polariza-
tion filter can be used with a gated intensified camera
for imaging periodic phenomena, or repetitive pulse sys-
tems when light levels are low. The system could also be
used with imaging phototube arrays for continuous time
monitoring of fluctuating quantities.

Both temporal and spatial multiplex coherence imag-
ing systems have their merits and disadvantages. The
simplest phase-stepped polarization interferometer dis-
cards 50% of the incident light at each of the polariz-
ers and is not well suited for imaging transient events.
While the quadrant imaging system utilizes all available
light, overall throughput is not improved because only
one-quarter of the detector area is used for any given in-
terferometric image. While the temporal resolution of
the static quadrant system is now limited only by the
imaging technology and the available light flux, care must
be exercised to ensure that the independent images are
properly spatially registered prior to processing.

It is important to note that it is possible to perform
Doppler coherence imaging of more complex multiplet
structures provided only that the relative line intensi-
ties are fixed (e.g. [4]). Where background emission is
a problem, source modulation techniques (e.g. modu-
lated diagnostic neutral beams) can be used to recover
the Doppler information [10]. Where this is not possible,
a hybrid interferometer based on a combination of de-
lay plates and interposed ferro-electric liquid crystal half
wave plates which switch in synchronism the the camera
frame rate can be used to image the optical coherence
of more complex scenes. Simpler variants of these sys-
tems can also suffice in certain applications. For exam-
ple, split-image systems have been proposed for use as
spectral discriminators in laser Thomson scattering [5].

A. Optical design

A first interference filter isolates the spectral region of
interest. For the simple design shown here, the optical
field-of-view is then determined by the split angle of the
first Wollaston lens. We have used a calcite Wollaston
prism of clear aperture 25 mm and full split angle 5◦.
Together with an F-mount 35-80mm zoom camera lens,
the vertical separation of the orthogonal polarization im-
ages in the intermediate image plane is adjusted to give
an appropriate image separation (f ∼ 45mm gives ∼ 4
mm). To increase the system FOV we have used a nega-
tive lens of focal length -400 mm located approximately
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FIG. 3: Temporal evolution of brightness, ion temperature and flow speed for an argon discharge exhibiting a transition from
poor to improved confinement at 0.04s. At the transition the ion temperature increases from 10eV to 12eV while there is little
change to the plasma flow speed.
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FIG. 4: Schematic view of optical layout for producing 4-
quadrant coherence images of a quasi-monochromatic source.
See text for discussion.

900mm from the plasma axis to produce a demagnified
(x0.3) virtual image ∼ 275 mm in front of the lens. In
order to minimize vignetting effects the system f/number
is set using the first lens while retaining maximum aper-
ture for subsequent lenses. For this system, we used the
full available aperture f/4 of the first zoom lens.

A second camera lens after the intermediate image
plane collimates the radiation through the interferometer
where field-widened birefringent plates produce the de-
sired optical path delay. For the measurements reported
here we used high birefringence lithium niobate plates of
total thickness 30mm and 40mm corresponding to char-

acteristic temperatures of 24eV and 13eV respectively for
argon ion emission at 488nm.

The final Wollaston prism polarizes and splits the
processed radiation in the horizontal direction. To retain
the image aspect ratio, this prism also has a split angle of
5◦. The 3mm width of the patterned polarization mask
is chosen to limit the horizontal extent of the intermedi-
ate image in order that the horizontally separated images
formed at the final image plane do not overlap. A Roper
Scientific Cascade 512B back-illuminated CCD camera
with 512x512 pixels and array size 8.2mm x 8.2mm is
used to image the four final images. The ratio of the
final two lens focal lengths sets the magnification of the
intermediate image onto the detector. Taking both lenses
to have standard 50mm focal length produces 4 images
that fit comfortably within the camera CCD.

B. Calibration procedure

To obtain the instrument transmission efficiency ηI ,
fringe visibility ζI and phase φI , it is necessary to image
a spatially uniform, monochromatic light source that fills
the instrument field-of-view. A filtered spectral lamp or
laser at wavelength close to that of the emission line of
interest coupled to an integrating sphere can be used for
this purpose. The interferometer response to a uniform
monochromatic light source is then proportional to

S = ηI(1 + ζIζ cos φI). (13)

To determine the instrument function the optical phase
must be scanned either by slightly tuning the light source
wavelength (if this is possible) or by using a fixed wave-
length source and scanning the optical path length either
thermally or electro-optically. We have chosen to step-
scan the optical path length through approximately one
wave period using a zero-nett-delay electro-optic plate
interposed between the birefringent delay plate and final
Wollaston. The modulator is constructed of crossed, low-
birefringence lithium tantalate (LT) plates each of thick-
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FIG. 5: Typical instrument contrast images for 4 quadrant
system and field-widened delay plates (2 x 15mm lithium nio-
bate). Note the similarity of images within upper and lower
pairs. Upper and lower pairs are different due to the quarter
wave phase shifter. The residual contrast structure is mainly
due to incomplete field-widening cancelation of the natural
hyperbolic fringe patterns produced by the birefringent plates.

ness 10mm. Applying a voltage ramp step-synchronized
with the camera frame rate produces a series of images
that, in each pixel, captures a sinusoidal intensity pat-
tern that can be numerically fitted to extract the required
interferometric parameters. Though the LT optic intro-
duces additional phase distortions which reduce slightly
the overall fringe visibility, it is convenient to retain the
modulator for routine calibration purposes. The cali-
bration procedure produces images of transmission effi-
ciency, instrument contrast and phase for each of the four
quadrants.

To verify the calibration, it is necessary to confirm that
the instrument transmission and contrast images in each
horizontally split pair are closely identical and that their
phases differ by π radians. To reduce noise propagation
in the demodulation process, the calibration parameter
images are subject to a 5-point median filter and aver-
aged for upper and lower quadrant pairs. The quantities
(ηI , ζI , φI) for the upper and lower image pairs are differ-
ent due to the presence of the quarter wave plate at the
image mask. Typical calibration image results are shown
in Fig. 5.

The image acquisition, calibration, registration and
image processing procedures are implemented using a
LabVIEW application running on a PC. The software
controls and synchronizes an onboard DAQ card, the
camera, light shutter and high voltage amplifier. Config-
uration and calibration information, as well as recorded
images and signals are stored in a self-contained MD-
SPlus database that is accessed by general recursive Lab-
VIEW procedures. Before processing the independent
images, it is necessary to subtract the background and

spatially register each of the four quadrants. This is im-
plemented in LabVIEW using the add-on IMAQ-vision
utilities. In our case, the plasma-illuminated internal
toroidal field coils provide a suitable image registration
reference. In results presented below, we have not cor-
rected for rotation or aberrations nor have we yet under-
taken an analysis of the effects of registration errors.

C. Image demodulation

After correction for transmission efficiency, the signal
in corresponding pixels in either of the upper or lower
image pairs is proportional to

S± = I0[1± ζIζ cos(φ + φI)] (14)
≡ I0(1± ζIcζc ∓ ζIsζs) (15)
≡ I0(1± γ) (16)

where (I0, ζ, φ) are the emission line brightness, contrast
and phase [see Eqs. (8) and (10)]. To simplify notation
we have introduced the instrument complex coherence
ζIc+iζIs ≡ ζI exp iφI and plasma complex coherence ζc+
iζs ≡ ζ exp iφ, and defined the quantity γ = ζIcζc−ζIsζs.
Using superscripts to denote top and bottom images, it is
straightforward to extract the complex coherence of the
plasma spectral line at the chosen offset delay:

ζs =
(
γ(b)ζ

(t)
Ic − γ(t)ζ

(b)
Ic

)
/∆ (17)

ζc =
(
γ(b)ζ

(t)
Is − γ(t)ζ

(b)
Is

)
/∆. (18)

The quantity ∆ is related to the degree of orthogonality
between the upper and lower image pairs and is given by:

∆ = ζ
(t)
Is ζ

(b)
Ic − ζ

(b)
Is ζ

(t)
Ic = ζ

(b)
I ζ

(t)
I sin (φ(t)

I − φ
(b)
I ). (19)

Figure 6 shows an image of the quantity sin(φ(t)
I − φ

(b)
I )

that indicates a high degree of quadrature between the
top and bottom image sets.

V. STATIC COHERENCE IMAGING SYSTEM
RESULTS

To confirm the performance of the static system, mea-
surements were performed on low field argon discharges
under conditions similar to those reported above for the
electro-optically modulated camera. The camera pro-
vided a maximum frame rate of approximately 25Hz at
full resolution so that temporal resolution with the rf
pulse was limited to two frames. Following the startup,
the plasma conditions remain approximately steady so
that the 2nd of the two frames was used for the analysis.

A direct view along the major axis of the plasma was
available for this work. An autocad model of the camera
view of the plasma region looking through the vacuum
tank port is shown in Fig. 7. Figure 8 shows a typical
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FIG. 6: Sine of the phase difference between the upper and
lower calibration image pairs showing a high degree of quadra-
ture across most of the image area.

camera plasma snapshot. In each quadrant, illuminated
by the plasma ion light, are two of the 36 internal toroidal
field coils (TFCs) and their clamps. At the top of each
image is the outline of the helical conductor. Each of
the images is inverted so that the plasma actually resides
above this conductor and is enclosed by the TFCs. No-
tice the presence of strong specular reflections from the
leftmost of the TFCs in the image.

The extracted brightness, temperature and flow speed
images for an argon discharge at 0.12T in standard mag-
netic configuration and for a 30mm lithium niobate delay
plate (Tc = 24 eV) are shown in Fig. 9. A 5-pixel me-
dian filter has been applied to the temperature and flow
images. Note that the static system reproduces all of the
features shown in Fig. 3. The ion temperature profile
is substantially hollow while the flow approximates rigid
rotation. The absolute ion temperature is a little higher
because of the larger magnetic field strength. The flow
field is subject to an arbitrary offset due to slow thermal
drifts in the optical delay produced by the birefringent
plate. We have shifted the flow so that it is approxi-
mately zero along the plasma centreline. Observe that
the brightness, temperature and flow images show little
evidence of cross-coupling.

Residual registration inaccuracies, which are evident in
the flow and temperature images are likely due to spheri-
cal distortions produced by the first simple negative lens,
and which are not corrected by our simple shifting algo-
rithm. Observe that the temperature image is artificially
elevated in high flow regions where light is also received
by reflection from the coil surface. This is likely the re-
sult of the superposition of both blue and red shifted light
resulting in a decrease in fringe contrast.

It is instructive to study profiles of the measured para-
meters averaged over a region of interest that is 30 pixels
wide and located midway between the TFCs. Profiles
obtained for 30mm and 40mm delay plates (Tc = 24 eV
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uum port window in the absence of a plasma. The vertical
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(TFCs). The curved structure is the helical field coil (HFC)
which sits atop the central poloidal field coil. The plasma sits
above the HFC and is contained with the TFCs.
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FIG. 10: Profiles of the brightness, equivalent temperature
and flow obtained using waveplates of delay 30mm and 40mm.
The disagreement between equivalent temperatures obtained
using the different waveplates is explained by a significantly
non-thermal ion velocity distribution function. The flow pro-
files are known to within a constant flow offset.

and 13 eV respectively) are superimposed in Fig. 10.
While the flow fields show good agreement, the deduced
equivalent temperatures are quite inconsistent. As noted
above, this effect, which increases towards the plasma
edge, has been previously studied in some detail and has

been satisfactorily explained in terms of a strong colli-
sional coupling between the ion and background argon
neutral fluids [9].

This new 2-d imaging capability should be useful for
observing asymmetric regions or structures in longer
pulse plasma experiments. The novel 4-quadrant fil-
ter may also find new applications when combined with
gated, intensified CCD cameras. For example, by accu-
mulating many frames synchronously with an rf heating
source, it may be possible to image the temporal evo-
lution of various species distributions within an rf wave
period, leading to a better understanding of various wave
absorption mechanisms. The method can also be adapted
to other spectroscopic applications where the properties
of the optical coherence can be simply related to the
physical parameters that determine the spectral scene.
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