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Temperature Measurements by Ultraviolet Filtered Rayleigh
Scattering Using a Mercury Filter
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We report the development of Ultraviolet Filtered Rayleigh Scattering (UV FRS) as a diagnostic tool for mea-
surements of gas properties. A frequency tripled, narrow linewidth, Ti:sapphire laser illuminates a sample, and
Rayleigh scattered light is imaged through a mercury vapor absorption � lter. The strong absorption of the � lter
may be used to suppress elastic background. Tuning the laser through the absorption notch of the � lter is a means
of probing the scattering line shape, which contains temperature information. Temperature measurements of air
are shown to have uncertainties of less than 3%, whereas measurements of a weakly ionized discharge have un-
certainties of less than 4%. An enhanced scattering cross section as well as nearly ideal � lter properties lead to
temperature sensitivities for the mercury � lter in the ultraviolet which are comparable to those available with an
iodine � lter in the visible. The absorption for the mercury � lter is modeled to be at least 5 orders of magnitude
higher than for the iodine � lter, meaning that stronger background suppression may be achieved.

Nomenclature
K = magnitude of the scattering wave vector
k = Boltzmann’s constant
m = molecular mass
N = number density of the scattering molecules
n = index of refraction
P = gas pressure
S = � ltered Rayleigh scattering signal level at the point

of maximum sensitivity, with the signal in the � lter
transmission normalized to unity

T = scattering gas temperature
v0 = thermal velocity
Y = nondimensionalparameter that de� nes the character

of the scattering lineshape
g = shear viscosity
h = scattering angle
k = excitation wavelength
m = laser frequency
q 0 = depolarizationfactor
r = total scattering cross section
( )ideal = indicates that the bracketed quantity is evaluated

for an ideal � lter

Introduction

O VER the past several years � ltered Rayleigh scattering (FRS)
has been employedas a diagnosticin a varietyof gaseousenvi-

ronments for nonintrusive � ow visualizationas well as quantitative
measurements of � uid properties including temperature. Nonintru-
sive temperature measurements are very important for improved
understanding of many areas of physics, such as supersonic � ows,
weakly ionizedplasmas, combustionprocesses,and the atmosphere.
Our primary motivation for the work reported here is to develop
the technique for plasma diagnostics. In particular,we are studying
methods for producinglow-temperatureplasmaswith electronnum-
ber densities of < » 1013/cm3 (ionization fractions < » 10 ¡ 5 ). We
are also interested in the propagation of shock waves through low-
density plasmas. The ability to obtain one- or two-dimensionaltem-
perature and density maps of these plasmas is critical for this work.
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A wide array of optical methods is available depending on the
nature of the problem under investigation. FRS is attractive be-
cause, by focusing the laser to a sheet, it has the potential to provide
a full two-dimensional, quantitative map of the � ow� eld.1,2 Typi-
cally, spectral measurements, such as absorption and � uorescence,
are path-integratedcoherent anti-Stokes Raman scattering (CARS)
and laser-induced thermal anemometry (LITA)3 may be used to
perform point measurements, but are inherently not well-suited for
two-dimensional imaging. Raman techniques are species-speci�c
and could possibly allow imaging, but suffer from very low signal
levels. Laser-induced � uorescence (LIF) methods are amenable to
imaging; however, in many cases � uorescence quenchingand satu-
ration complicatequantitativeanalysis.For example, one group do-
ing point LIF measurementsin an inductivelycoupledargon plasma
found an accuracyof §80 K ( » §10%) (Ref. 4). FRS can be used to
capture quantitativeplanar measurements of gas temperature, pres-
sure, density, and velocity.Rayleigh scatteringis a nonresonantpro-
cess and thus unaffectedby quenchingand saturation.Furthermore,
it is linear with scatterer density. Filtering the Rayleigh signal with
a narrow linewidth atomic or molecular � lter gives an additional
temperature dependence to the signal because of the temperature
dependence of the scattering line shape. In addition, the � lter pro-
vides very strong suppression (modeled to be greater than 105 ) of
elastic background. Because Rayleigh scattering is an elastic pro-
cess, it is often dif� cult to decouple the Rayleigh signal from any
spurious elastic background without the use of a � lter. Suppres-
sion of any nonelastic background (caused by, for example, pump
lasers or sample luminosity) may be performed with conventional
interference � lter technologies.

In the visible region the FRS technique has already shown its
utility in a variety of environments, such as for temperature mea-
surement in combustion5 and for velocimetryand � ow visualization
in high-speed� ows.1,6 This work has primarilyused frequencydou-
bled Nd:YAG sourcespaired with molecular iodine � lters (532 nm).
Some FRS work has also been done in the ultraviolet, using an ex-
cimer laser with an atomic iron � lter (248 nm)7 but with modest
successbecauseof the limitationsof the seedingof the laser.Related
work in the light detectionand ranging (LIDAR) and other commu-
nities has paired narrow linewidth lasers and � lters in the visible
to infrared region, for example, an Alexandrite laser and potas-
sium � lter (770 nm)8 or a dye laser and cesium � lter (389 nm).9,10

Additionally, rubidium (780 nm),9 barium (554 nm),9 magnesium
(516–518 nm),10,11 calcium (423 nm),10 and lead (283 nm)9 have all
been considered or used as atomic � lters.

The focus of this work is the extensionof the FRS techniquefrom
the visible to the UV portion of the spectrum, where the scattering
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is stronger and the more ideal mercury vapor � lter can be used.
Preliminary work characterizing the mercury � lter was performed
in our laboratoryby Finkelstein.12 To performtemperaturemeasure-
ments, Rayleigh scattering from a gas sample is imaged through a
mercury � lter, and a model is used to � t for gas properties. The
frequency dependenceof the scattering cross section, as well as the
absorption pro� le of the � lter, lead to comparable temperature sen-
sitivities in the UV than in the visible. However, the much stronger
absorptionof the mercury � lter, compared to iodine, means that su-
perior background suppression may be attained. In this paper the
technique is explained, the mercury � lter and relevant models are
discussed, the experimental setup and results of temperature mea-
surements are presented, and � nally a comparison between visible
and UV FRS is given. The latter comparison, as well as the discus-
sion of the mercury � lter, serve to motivate the selectionof mercury
as the � lter material.

FRS Technique
Overview

A narrow linewidth laser is used to illuminate a sample volume,
and the scattered light is imaged through a narrowband atomic
or molecular vapor absorption � lter onto a detector (Fig. 1). The
amount of scattered light arriving at the detector depends on the
spectral overlap of the scattered light with the � lter absorptionpro-
� le. The scatteredlight consistsof an elasticbackgroundcomponent
fromwindowscatteringand strayre� ections,aswell as the Rayleigh
light scattered from the � ow. The spectral pro� le of the scattering
intensity is termed the scattering line shape. Temperaturecan be de-
termined by measuring the Rayleigh scattering line shape using the
mercury vapor absorption � lter. By tuning the laser, the scattering
line shape is swept across the absorption � lter pro� le causing the
transmitted light to vary in intensity. Because the absorptionpro� le
of the � lter is known, the transmitted intensitypro� le can be decon-
volved to yield the Rayleigh–Brillouin line shape, from which the
temperature may be determined.

Scattering Line Shape

The lightscatteredby the � ow hasa Rayleigh–Brillouinlineshape
generated by the Doppler shifts associatedwith the thermal motion
of the molecules in the sample volume. The line shape is dependent
on scatteringangle, temperature,pressure,and excitationfrequency.
The character of the line shape depends on a nondimensionalquan-
tity called the Y parameter, de� ned by Tenti et al.13 as

Y = NkT /2
1
2 K v0 g

[K = 4 p / k sin( h /2)] (1)

where v0 is a thermal velocity,related to gas temperatureand molec-
ular mass:

v0 = (kT / m)
1
2 (2)

One may manipulate this expression and use the Sutherland for-
mula for viscosity to yield an expression for Y in terms of the � ow
parameters appropriate for scattering from air2:

Y = 0.230[(T + 111) / T 2][P k / sin( h / 2)] (3)

Fig. 1 Basic setup for FRS.

Fig. 2 Rayleigh–Brillouin scattering pro� les for variousY values. Fre-
quency is given in normalized units: x = 2¼À/21/2Kv0.

where T is in Kelvin, P is in atmosphere,and k is in nm. For Y val-
ues much less than unity, the thermal motion of the gas may be rep-
resented by a Maxwellian velocity distribution, leading to a purely
Gaussianscatteringpro� le centeredat the frequencyassociatedwith
the average gas motion. In such cases, entitled the Knudsen regime,
the line shape is independentof pressure.The oppositeextreme,cor-
respondingto high Y values, is known as the hydrodynamicregime.
In this case the molecular motion is correlated, and thermally in-
duced sound waves scatter the light. In such cases the line shape
has a central Lorentzian component, caused by thermal diffusion,
as well as a pair of Lorentzian sidebands,shifted out by a frequency
associatedwith the speed of sound. In this regime the line shape has
a weak pressuredependence.We are primarily interested in plasmas
with subatmosphericpressures and moderate to high temperatures.
Such plasmas have small values of the Y parameter; however, the
complete Tenti model13 is used. Line shapes for various Y parame-
ters are shown in Fig. 2. In this work we make use of the S6 model,
created by Tenti, for the Rayleigh–Brillouin line shape. This model
has been successfully used by several other researchers.1,6,9 How-
ever, even this model is not exact. The S6 model is designed for a
single species of polyatomic atom while air contains a number of
species. Also, the model neglects the presence of all branches of
rotational Raman scattering.

Mercury Vapor Filter

In FRS the absorption � lter serves two critical purposes: back-
ground suppression and probing of spectral information. Desired
� lter propertiesare high out-of-bandtransmission,high in-band ab-
sorption, steeply sloping walls, and � exibility in selecting the ab-
sorption width. Mercury has an optically accessible strong ground-
state transition at 253.7 nm and is well suited as a � lter material.
Unlike some othermaterialswith transitionsin the UV, such as iron,
lead, and cesium, mercury has a low boiling point and high molar
mass. The low boiling point means useful vapor number densities
may be attained at relatively low temperatures. This low operating
temperature together with the high atomic weight of the mercury
atom (200.6 amu) reduces thermal broadening and leads to very
steep � lter walls if the mercury vapor pressure is kept low enough
to avoid collisional broadening. In a 5-cm cell, at low vapor pres-
sure (order 0.01 torr) lines from each of mercury’s six naturally
occurring isotopes form separate notches with widths up to several
gigahertz and � lter walls that rise from 10 to 90% transmissionover
hundredsof megahertz.At a higher vapor pressure (order 1 torr) the
isotopic lines blend togetherand forma notchwith a width of tens of
gigahertz. In this case the � lter walls are not very steep because col-
lisionalbroadeningis signi� cant.Figure 3 showsabsorptionpro� les
for a 5-cm length mercury vapor cell at three different vapor pres-
sures. The out-of-band transmission is close to 100% (neglecting
� lter window losses), and the in-band optical suppression is pre-
dicted to be � ve orders of magnitudeor more. The vapor pressure is
controlled by setting the temperature of a sidearm, which contains
a small amount (several grams) of liquid mercury. The sidearm is
immersed in a temperature-controlled liquid bath (water or min-
eral oil). The main body of the � lter is a quartz tube of diameter
5 cm and length 5 cm. To prevent any condensation in the main
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Fig. 3 Absorption pro� les for three different 5-cm-lengthmercury va-
por � lters. The three � lters correspond to vapor pressures of 0.003,
0.048, and 2.89 torr, respectively.

Fig. 4 Absorption scan of the mercury vapor � lter. The vapor � lter
has length 5 cm and a vapor pressure of 0.003 torr. The notch shown
corresponds to the Hg 202 isotopeand is the notch used for the presented
temperature measurements.

tube, the body of the tube is heated to a temperature slightly higher
than the sidearm. By varying the sidearm temperature from » 20 to
» 200 C, vapor pressures from » 0.001 to » 20 torr may be achieved.
For the measurements presented in this work, a vapor pressure of
0.0030 torr was used. A model for mercury absorption has been
developed in earlier work.12 Absorption scans were performed for
additional validationof the absorptionmodel and the detection sys-
tem. Figure 4 shows an experimental scan and modeled values for
one of the isotopic notches.

FRS Signal and Temperature Measurement

The FRS technique makes use of the temperature dependence
of the scattering line shape in order to measure temperature. De-
pending on the measurement conditions, different variants of the
techniquemay be used. At each laser frequency the amount of scat-
tered light arriving at the detector depends on the spectral overlap
of the scattered line shape (centered at the laser frequency) and the
� lter absorption pro� le. Figure 5a shows the spectral overlap of
the scattered light with the � lter transmission at two laser frequen-
cies, f1 and f2. The scattered light has two components: a broad-
band Rayleigh–Brillouin componentand a narrowbandbackground

a) b)

Fig. 5 FRS signal as function of laser tuning: a) spectral overlap of
the scattered light with the � lter transmission at two laser frequencies,
f1 and f2; b) by tuning the laser through the absorption notch the FRS
signal is obtained as a function of frequency. The point in the FRS data
with the maximum sensitivity to temperature is the FRS minimum,
labeled S.

Fig. 6 Modeled FRS signals for three different mercury vapor � lter
con� gurations for atmospheric pressure air at temperatures of 300,500,
and 700 K. The three � lters correspond to those shown in Fig. 3 and are
5 cm in length with vapor pressures of 0.003, 0.048, and 2.89 torr.

component from windows and stray re� ections (shown as a sharp
peak). In the most general case, by scanning the laser frequency
the Rayleigh–Brillouin line shape is swept across the absorption
� lter pro� le causing the transmitted light to vary in intensity. In this
manner one obtains the FRS signal as a function of frequency (see
Fig. 5b). A model is used to � t the FRS data for gas properties. Of
course, a laser with linewidth narrow compared to the width of the
� lter is required. The FRS signal is a convolution of the scattering
line shape (and laser linewidth) with the � lter absorption pro� le.
Because the � lter absorptionpro� le is known, a � tting routine may
be used to extract temperature from the FRS data. In this work we
use a code developed by Forkey1 for visible FRS.

Along with the � tting routine, a program to model the FRS signal
has been created.1 The program requires the � lter absorptionpro� le
as one of its inputs. Figure 6 shows the modeled FRS signal as a
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function of frequency for various � lters and temperatures. In each
case the FRS signal is normalized to unity in the � lter transmission.
Here it is clear that sharp � lter walls are required to get signi� cant
temperature sensitivity.

A variant of the preceding techniquemay be used in cases where
the gas is in pressure equilibrium and the pressure is known. In
such cases, there is a one-to-one correspondence between temper-
ature and density so that a single measurement may be used to
determine the temperature and density simultaneously. The most
practicable measurement is to take the ratio of the FRS signal at a
known (reference) condition to the FRS signal at an unknown (to
be measured) condition. The FRS signal model may then be used
to convert the measured ratio to temperature. This method has the
distinct advantage that all data are taken at a single laser frequency,
meaning that by selecting the frequency to be within an absorption
notch one may suppress elastic background throughout the entire
measurement. This method is similar to measuring the temperature
with Rayleigh scattering;however,usinga � lter gives the signi� cant
advantage of strong elastic background suppression.

As mentioned, by varying the � lter parameters different � lter
absorption pro� les may be obtained. In this manner an absorption
� lter may be tailored for a speci� c set of measurements.

Experimental Setup
A schematicdiagramof the experimentalsetup is shown in Fig. 7.

A custom-builttitaniumsapphirelasersystem12 is used as the illumi-
nation source for the UV FRS measurements.The laser is injection
seeded and operates with a novel cavity locking scheme, which en-
sures almost transform limited, narrow linewidth single mode out-
put. The linewidth of the third harmonic output is approximately
200 MHz, which is narrow compared to the scattering linewidth
and � lter absorption width, both of which are about 2 GHz. Pulse
energies (in the UV) on the order of 10 mJ per pulse were used.

The thirdharmonicoutputfromthe lasersystemis deliveredalong
the axes of a cylindrical cell, with antire� ection (AR) coated win-
dows, which houses the sample gas. A 50-cm focal length lens is
used to focus the beam to a waist of » 100l . To minimize any back-
ground light, the beam is passed through several irises. A half-wave
plate is used to ensure the correct orientation of the linearly polar-
ized beam, and a quarter-wave plate compensates for any elliptical
polarization introducedat the window. All of the beam shaping op-
tics are AR coated. An AR coated 5-cm focal length lens is placed
8 cm from the beam and is used to image the Rayleigh scattered
light at an observation angle perpendicular to the beam and cell
axes. An iris of diameter » 1 mm is placed between the lens and cell
and serves to de� ne the sample region as well as to further reduce
backgroundlight.The scattered light is imaged through the mercury
vapor � lter and then passed through an ISA H20 monochromator
set to 254 nm, which acts as a broad (>1 nm) pass band � lter. The
monochromator rejects other colors of light caused by the pump
laser or any non-Rayleigh light from the scatteringvolume. Finally,
the scattered light is detected with an R-960 Hamamatsu photomul-
tiplier tube (PMT).

A quartz � at is used to pick-off a fraction of the laser beam af-
ter it has passed through the cell in order to serve as a power and
frequency reference. The pick-off beam is incident on a diffuser,
and elastically scattered light from the diffuser is measured with a
photodiode for power normalization, as well as passed through a
second mercury vapor absorption � lter and measured with a sec-

Fig. 7 Schematic diagram of experimental setup.

ond PMT in order to serve as a frequency reference.The frequency
axis may be established using the second mercury vapor � lter by
� tting the measured transmission to the modeled results. The ref-
erence vapor mercury � lter was 13 cm in length and ran at room
temperature. Thin-� lm interference � lters (Corion G25-254-F) are
placed in front of the reference photodiode and PMT in order to
detect only the 254 nm light. These interference� lters have a width
of several nanometers and have a � at response over the spectral re-
gion of interest. The signals from both PMTs and the photodiode
are collected using a Stanford Research Systems (SRS) boxcar unit
and a personalcomputer.An SRS 330 preampli� er unit is used at x5
to amplify the signals from the FRS PMT as well as the photodiode.
Great care was taken to ensure the linearity of the entire detection
scheme.

Results
To demonstrate the technique, we initially performed tempera-

ture measurements of air. The basic procedurewas to scan the laser
acrossthe � lter absorptionand collectthe FRS signalas a functionof
frequency.The FRS signalwas normalizedusing the referencepho-
todiode, and the frequency axis was established with the reference
PMT. A thermocoupleinside the sample cell was used as a reference
measure of temperature. Data obtained from typical scans, in this
case atmospheric pressure air at 295 § 2 and 330 § 3 K, are shown
in Fig. 8. Both data sets are normalized to one in the � lter transmis-
sion. Data shown are 100 shot averages.The laser was scannedover
a frequency range of » 15 GHz with a step size of approximately
40 MHz. Using the mercury absorption model and � tting routine,
temperaturesare extracted from the data. For example, the � ts to the
data in Fig. 8 returned a temperature of 304 § 8 and 330 § 8 K. The
data shown in Fig. 8 are after background subtraction. The back-
ground signal was caused by stray elastic scatter from windows and
other optics and was measured by bringing the sample cell to vac-
uum with the laser tuned away from the � lter absorption. A test
to con� rm � lter suppression was performed by tuning the laser to
within the absorptionnotch and measuring the PMT signal with the
cell at vacuum. In this case no signal could be measured within the
dynamicrangeof ourdetectionsystem.Air measurementshavebeen
madeat threeconditions:T =295 § 2 K, P = 1 atm; T =295 § 2 K,
P =50 torr; and T =330 § 3 K, P =1 atm. These three conditions
correspond to Y values of 0.39, 0.03, and 0.33, respectively. In all
cases the � tting routine returned temperatures within 3% of the ac-
tual temperature. The model and data � tting procedure contains no
free parameters or calibration points and does account for the laser
line width as well as geometric effects.

Fig. 8 UV FRS data from air at T = 295 §§ 2 K, P = 1 atm ( ) as well
as data from air at T = 330 §§ 2 K, P = 1 atm (n ). The modeled � lter
transmission pro� le (thick line) is shown, as well as the model � t for
atmospheric pressure air at T = 295, 330, 500, and 700 K.
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Fig. 9 Comparison of FRS and Rayleigh scattering measurements of
the axial temperature of a 50 torr, 20 mA, argon plasma.

Uncertainties are determined by the � tting routine from noise
in the data. Some error is introduced when � tting the frequency
axis caused by thermal drift in the seed laser (estimated as several
megahertz per minute). To remedy this, external locking schemes
are being considered, for example, Ref. 14. Also, the background
subtraction introduces some error, particularly at low pressure. As
mentioned, background caused by stray light and window scatter
was subtracted from the FRS signal. The background level may be
described in terms of the pressure of a room temperature air sam-
ple that would give an equivalentRayleigh signal in the absence of
the � lter. Using the AR-coated cell and the optics just described, a
background equivalent to approximately 1 torr of Rayleigh scatter-
ing from air was detected.

Another seriesof measurementswere performedat more elevated
temperatures. Elevated temperatures were obtained by running a
weakly ionized (ionization fraction < 10 ¡ 6 ) glow discharge within
the samplecell.Figure9 shows the resultsof FRS aswell asRayleigh
measurements of the centerline temperature of a 50 torr, 20 mA ar-
gon discharge. These measurements were obtained using the con-
stant pressure variant of the FRS approach (described in “FRS Sig-
nal and Temperature Measurement” section). The monochromator
served to suppressany plasma luminosity.The laserwas operatedat
a single frequency within the absorption notch, and the FRS signal
with the discharge on was ratioed to the FRS signal at a reference
temperature with the discharge off. Because the pressure is � xed,
there is now a one-to-one correspondenceof temperature and den-
sity so that this ratio uniquely de� nes the unknown temperature.
Measurements with and without the � lter are within experimental
uncertainty. The measurements validate the UV FRS technique in
this more elevated temperature range. Standard deviations of the
� ltered measurements are higher (4% vs 2%) caused primarily by
the drift of the seed laser. Measurements by this approach, with
the laser at a single frequency in the absorption notch, may also
be performed in cases with a high elastic background. Because of
the low ionization fraction, the change in scattering cross section
caused by excited atoms, changes in scattering line shape, and any
Thompson scattering can be neglected. At higher plasma tempera-
tures, with low ionization fractions,a real-gas equationof state may
be used. Measurements at higher ionization fractions will be chal-
lenging, primarily because of the dramatic variation of scattering
cross section for excited atoms.

UV vs Visible FRS
Comparing the signals obtainable with a frequency doubled

Nd:YAG system to a frequency tripled Ti:sapphire system shows
the bene� t of working in the UV. The total scattering cross section
may be given as1

r = [32p 3(n ¡ 1)2 / 3k 4 N 2](6 + 3 q 0) / (6 ¡ 7q 0) (4)

For air at 254 nm, the cross section has a value on the order of
10 ¡ 25 cm2 (value found by scaling data from Ref. 15). The cross
section scales as inverse wavelength to the fourth power, although
this is offset by the linear dependence of photon energy with fre-
quency, resulting in a cubic dependence of the number of scattered
photons for a given beam energy. Decreasing the wavelength from
532 to 254 nm (a factor of 2.09) yields a gain of 9.19 from the wave-
length cubed and a gain of 1.16 caused by the increased index of
refraction and depolarization.16 Thus, for a given beam energy one
has 10.7 times more Rayleigh scattered photons in going from 532
to 254 nm. Standard PMTs have comparable quantum ef� ciencies
at 254 and 532 nm (about 25%), yielding an increase in counts by a
factor of approximately 10, for a given beam energy. In practice, if
one uses a UV source with 10 times lower energy per pulse than is
available in the visible (e.g., 30 mJ/pulse from the third harmonic of
a Ti:Sapphire system vs 300 mJ/pulse from the second harmonic of
a Nd:YAG system), then the number of counts (or signal to noise)
in both cases is comparable.

Another importantelement in comparing � lters is an examination
of their temperature sensitivities. An ideal absorption � lter would
consist of a single absorption notch with in� nitely steep walls. The
width of such a � lter would then be adjusted for maximum temper-
ature sensitivity for given scattering conditions. In this ideal case
the point of maximum temperaturesensitivityof the FRS data is the
transmission minimum, which occurs when the laser is in the mid-
dle of the absorption � lter (see Fig. 5). If one normalizes the FRS
signal in the � lter transmission to unity and labels the maximum
sensitivity point as S, then one may compare the temperature sen-
sitivities of two � lters (assuming equal signal to noise) by looking
at the nondimensional quantity T dS /dT . Using expressions from
Ref. 1, one � nds that an ideal � lter, having in� nitely steep walls,
optimized for a given scatterer temperature, and assuming Y ¿ 1,
would have

T (dS / dT )ideal = 0.242 (5)

The value of T dS / dT for an actual � lter may be viewed as a mea-
sure of the ideality of the � lter. The closer the value is to 0.242, the
more ideal the � lter. The primary factors in determining the temper-
ature sensitivityof an actual � lter are the slope of the � lter walls, as
well as the presenceof other nearby absorptionfeatures. It is conve-
nient to parameterizethe problemwith a nondimensionalsteepness,
where the steepness is de� ned as the Dopplerwidth (FWHM) of the
scattering line shape divided by the frequency interval over which
the walls turn on (e.g., the 10–90% width). Analysis shows that
for steepness > » 10 one comes asymptotically close to the maxi-
mum sensitivity. Increasing the steepness beyond this value yields
very little enhancementof the temperature sensitivity.Mercury and
iodine � lters both have steep walls (steepness > » 5) for most mea-
surement conditions because of their high molar masses and low
boiling points. Modeled values of T dS /dT for mercury and iodine
� lters, for scattering from 50 torr air at temperatures of 400 and
800 K, are shown in Table 1. The modeled � lters are 5 cm in length,
and the � lter temperatures (and vapor pressures) are optimized for
each measuring condition.

The temperaturesensitivitiesof iodineandmercury� ltersarevery
comparable,differingbyat most 15%.The temperaturesensitivityof
themercury� lter is compromisedby thepresenceof isotopes(giving
a series of absorption notches), whereas for iodine the sensitivity
is limited by the presence of many absorption lines as well as a
background continuum absorption. For low air temperatures both
� lters are nearly ideal, whereas at high temperatures the presenceof
multipleabsorptionfeaturesreduces the temperaturesensitivity.The

Table 1 Comparison of modeled temperature
sensitivity for mercury and iodine � lters

Air Mercury Iodine cell:
temperature, K cell: T dS /dT T dS /dT

400 0.18 0.21
800 0.15 0.16
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idea of using an isotopicallyenhancedmercury � lter is attractivebut
likely not viable. Because we are using very optically thick � lters,
the degree of isotopic enhancement required would in general be
prohibitively expensive. Some additional gain in sensitivity may
also be achieved by using longer cells.

Background absorption for the mercury � lter is much stronger
(suppression modeled to be much greater than 105 for a typical 5-
cm cell) than for the iodine � lter (limited to 105 by background
continuum absorption) so that there is a signi� cant reduction in
background noise. This is particularly important in cases where
background scattering is strong compared to the Rayleigh signal,
such as when windows or walls are in close proximity to the sample
volume, or many particulates are present.

Conclusion
In conclusion,we have used ultraviolet FRS to perform accurate

temperature measurements in gases, using a mercury absorption
� lter paired with a titanium sapphire laser source. Measurements
with uncertaintiesof 3–4% were obtained under several conditions.
The absorptionpro� le of the mercury � lter, as well as the frequency
dependenceof the Rayleigh cross section, indicate that comparable
temperature sensitivities are attained by shifting from the visible
to the ultraviolet. The absorption for the mercury � lter is modeled
to be several orders of magnitude higher than for the iodine � lter,
meaning that strongerbackgroundsuppressionmay beachieved.We
are currently working to extend the diagnostic to perform spatially
resolvedmeasurements.Also, we plan to furtherapply the technique
to temperature measurements in plasmas.
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