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Abstract

A technique based on the Fowler—Milne method for the spectroscopic determination of thermal plasma temperatures without measuring continuum
radiation is presented. This technique avoids the influence of continuum radiation with the combined line and continuum emission coefficients
to derive the plasma temperatures. The amount of continuum emission coefficient is estimated by using an expression related to the Biberman
factors. Parameters that affect the accuracy of the proposed technique and errors in the measured plasma temperatures are analyzed. It is shown
that, by using the Ar I 696.5 nm line with a bandwidth of 3.27 nm without taking into account the continuum radiation, the plasma temperature
measured will be lower on the order of up to 1000-3000 K for temperatures from 20000 to 24000 K. The theoretically predicted temperature
errors are in good agreement with the experimental results, indicating that the proposed technique is reliable for plasma temperature measurement.

1. Introduction

Thermal plasmas characterized with high temperature and
high power density are stable and can be operated with rela-
tively low equipment cost. Due to these merits, they are widely
used in many industrial areas, such as welding, cutting, spray-
ing, surface modification, and synthesis of fine powders [2]. In
order to improve the understanding and performance of these
applications the plasma key parameters, such as the electron
temperature and density, should be measured.

There are many methods for the measurement of thermal
plasma parameters. The Langmuir probe is a simple and flex-
ible diagnostic tool, but the probe will disturb the parame-
ter distribution of the source. Furthermore, the interpretation
of the data produced is difficult because no simple, compre-
hensive underlying theory exists for high temperature thermal
plasmas [3]. Another method is the active noninvasive spec-
troscopic diagnostic technique with the Thomson scatting as a
typical example. In this case, although the results are usually
easy to interpret, the experimental setup is expensive and the
method is not easy [4]. Consequently, optical emission spec-
troscopy comes to be one of the most extensively applied di-
agnostic methods for the study of thermal plasmas. From mea-
sured spectroscopic data, the plasma temperature can be deter-
mined by several different methods, such as using the atomic
line intensities or intensity ratios of two or more spectral lines,
and the ratios of line-to-continuum intensity [5]. Among these
methods, the Fowler—Milne method [6] has been widely used
due to its precision and stability [7-9].

Considering the large gradients in the thermal plasma
sources, to characterize their properties with spectroscopic
methods spatially resolved plasma intensities should be mea-
sured. This can be realized by two different techniques. One
technique using the point-by-point scanning approach with a
spectrograph is relatively simple and accurate, but the long time
required to finish the scanning limits its application only to
steady state plasmas [6-9]. The other one based on monochro-
matic imaging with narrow-band filters in conjunction with a
detector is a more efficient approach and has attracted great in-
terest in recent years due to its very short acquisition time. This
technique has actually been used for the diagnostics of differ-
ent kinds of plasmas. For example, use a line ratio imaging
method to reveal the cause of the enhanced glow in the void of
the dust particle cloud [10] and to determine the temperature
and metal vapor concentration in a copper breaking arc [11].

Email: shlgma@126.com (Shuiliang Ma).

In a recent study [12], we presented the diagnostics of a
static free-burning arc based on the combination of the imag-
ing technique and the Fowler—Milne method. The determined
plasma temperatures are in quantitatively agreement with other
measurements by a spectrograph. With this combined technique
we also characterized the properties of the free-burning arc in
the stage after ignition [13]. The imaging based spectroscopic
technique has proved to be a reliable and suitable method for
the diagnostics of arc plasmas in a steady or dynamic state. The
drawback of this technique is that the measured plasma temper-
ature will be a little lower especially for temperatures higher
than 16000 K, since the acquired arc intensity consists of both
the spectral line intensity and the continuum radiation. For the
imaging technique, it is possible to measure the continuum ra-
diation with another narrow-band filter, but this will compli-
cate the experiments. Therefore, other spectroscopic methods
for the determination of plasma temperatures, which can avoid
the influence of the continuum radiation without extra measure-
ments, will be more attractive.

This paper extends the Fowler—Milne method for the mea-
surement of thermal plasma temperatures considering the influ-
ence of continuum radiation. To determine the amount of con-
tinuum radiation, the temperature-averaged Biberman factors
are used. With the correctly estimated Biberman factor values,
influence of the continuum radiation on the calculated plasma
temperatures can almost be completely avoided. The proposed
technique is particulary suitable for the diagnostics of dynamic
plasmas with a monochromatic imaging system.

In Sec. 2 we describe the line and continuum radiation the-
ory of a thermal plasma and the temperature measurement tech-
niques based on the Fowler-Milne method. Section 3 treats the
application of the modified technique to a free-burning argon
arc. Possible errors of the new technique due to continuum ra-
diation are discussed in Sec. 4. Conclusions are given in Sec. 5.

2. Temperature measurement method

2.1. Line and continuum radiation

The light emitted from a thermal plasma consists of spectral
lines and continuum radiation. These radiations are produced
due to the excitation and deactivation of emitting atoms and ions
and due to their interactions with free electrons, thus contain
useful information of the conditions in the plasma source.

For an optically thin plasma in local thermodynamic equi-
librium (LTE), the emission coefficient of an atomic spectral
line corresponding to a transition from a level m to a lower
level n is given by the following expression:
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where c, h, and k are, respectively, the speed of light, Planck’s
constant, and Boltzmann’s constant, A is the wavelength of the
spectral line, A, is the transition probability, g,, and E,, are,
respectively, the statistical weight and energy of the upper level,
n; and U; are the number density and the partition function of
the species j.

The continuum radiation of plasmas containing only rare
gases is composed of the free—free (bremsstrahlung) and the
free—bound (recombination radiation) emissions. The total

emission coefficient of continuum radiation may be described
by [14-17]
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at the right hand side the first term is the contribution of the
bremsstrahlung radiated from the electron—atom collisions, and
the second and third terms are, respectively, the bremsstrahlung
and the recombination radiation generated by the collision be-
tween electrons and ions. For the quantitative approximation of
the three contributions, we refer to [14—16]:
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where Cep = 1.026 x 1073 Tm2K 325 lsr !, C; = 1.632 x
1074 Jm*K'/2s~'sr~!, Q(T) is the average cross section for
momentum transfer of electron—atom interactions [18], Z; is the
charge number of the ion, Tt is the electron temperature, ng,
n;, and n. are, respectively, densities of atoms, ions, and elec-
trons, éiff and éiﬂ’ are the so-called free—free and free—bound
Biberman factors, which are functions of both wavelength and
temperature and depend on the ionization degree, g; 1 is the sta-
tistical weight of the parent ion and Uj; is the partition function,
gi.1 =~ U;, because for argon plasmas the excited levels are at
much higher energies relative to the ion ground state and thus
excited level densities contribute not much to the partition func-
tion even in equilibrium [15,19]. It is reported that in an argon
plasma the amount of radiation emitted from the electron—atom
collisions is less than 1% for temperatures above 8000 K, and
the free—free and free—bound radiation emitted from interac-
tions of electrons with doubly ionized gases becomes impor-
tant for temperatures higher than 18000 K [16]. Therefore, for
a high-current free-burning argon arc, which is characterized
with a temperature ranging up to more than 20000 K, the latter
should be considered. Substituting Egs. (4) and (5) into (2) and
ignoring the contribution of the electron—-atom radiation, one
obtains

sc:eﬁscz:cewﬁxnza (A.T), (6

where €. and & are, respectively, the radiations emitted by
collisions between electrons and the singly and doubly ionized
atoms, and &; is the total Biberman factor, which is defined as
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The Biberman factors are dimensionless correction param-
eters that account for the deviation from the hydrogen-like
structure. The free—free Biberman factor is reported to be a
very weak function of both wavelength and temperature [20],
while the free-bound Biberman factor is dependent on both
wavelength and temperature, especially for short wavelengths
(< 450 nm). For long wavelengths (> 800 nm) the Biberman
factors are usually close to a constant, since the difference
between the high levels of different atoms becomes smaller.
Hofsaess [21] has calculated the Biberman factors at different
wavelengths and temperatures for argon and some other gases,
which are consistent with many experimental values [14]. For
relatively long wavelengths, however, the calculated data are
always lower compared with experimentally measured values.
The recent calculation by D’yachkov et al. [22], which takes
into account the plasma effects in the near-threshold region,
does not show the sharp edge of the photoionization continuum
and is in good agreement with experimental values.

Figure 1 shows the total Biberman factors for both singly
and doubly ionized argon atoms as a function of wavelength and
temperature, £ = 1.23 [20], EIf = 1, and the £ data are taken
from the calculations of Hofsaess. (Some of the Hofsaess data
can be found in Ref. [21]. Additional Hofsaess calculations are
derived from Refs. [23,24].) In Fig. 1(a) the theoretical results
from D’yachkov et al. [22] are also shown. The experimental
values of the Biberman factors for doubly ionized gases are in
scarcity [25]. In Fig. 1(b) the only experimental data (to the
knowledge of the authors) at 468.8 nm [16] are compared with
the calculation. Since the calculated values are much lower than
the experimental data, this is also true for &;, we expect that the
actual values for <§2ﬂ’ should be larger. By enlarging the values
of ézﬂ’ by a factor two, the obtained &, data are in agreement
with the experimental measurements.

2.2. The Fowler—Milne method

In order to compute the theoretical emission coefficients
needed to determine plasma temperatures, the plasma compo-
sition should be calculated. If the plasma is in LTE state and at
constant pressure, the dependence of the particle densities on
temperature can be obtained based on Dalton’s law, the quasi-
neutrality condition, and Saha equations [6]. For free-burning
arcs in argon, except the regions near the electrodes and the
fringes of the arc, the central regions of the arc column with
a plasma temperature higher than 12800 K are confirmed in
LTE [7] from both experimental measurements [4,26] and the-
oretical analysis [27]. With the computed plasma composition,
the theoretical emission coefficient of the Ar I 696.5 nm line
as a function of temperature was calculated using Eq. (1), as
shown in Fig. 2. The calculated curve passes through a peak
value at a temperature of about 15200 K, the normal temper-
ature of the atomic line. Provided that the plasma axial tem-
perature is higher than the normal temperature, the measured
radial emission coefficients will exhibit a corresponding off-
axis maximum. Thus, assigning the normal temperature to the
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Fig. 1. Total Biberman factors & and & for argon at different plasma
temperatures as a function of wavelength calculated with c‘jlff =1.23, ész =1.0,
and the free-bound Biberman factor data taken from theoretical calculation
by Hofsaess ( Refs. [21,23,24]). The recent calculation for & by D’yachkov
et al. [22] and the experimental values for & measured by Pokrzywka et al.
[16] are also presented.

position of the maximum, the plasma temperatures at other
radial positions can be derived. This is the so-called Fowler—
Milne method, also known as the normal temperature method
[6]. The Fowler—-Milne method can provide more accurate re-
sults compared to other spectroscopic methods since the value
of the transition probability, which has a large uncertainty, is
not needed. Another merit of this method is that the absolute
calibration of the plasma intensities is not necessary. In addi-
tion, the method gives accurate temperature values even when
applied to strongly self-absorption atomic lines [28]. Because
of these advantages, this method has been widely used to de-
rive radial temperature distributions in free-burning arcs from
measured relative emission coefficients of atomic lines.

In the case of continuum radiation, the emission coefficient
as a function of temperature can be calculated in an analogous
manner. From Fig. 1 it is easy to see that for temperatures be-
tween 15000 and 25000 K the values of & and &, are only
weakly dependent on temperature and thus can be assumed to
be constants near 696.5 nm. The emission coefficient curve of
the continuum radiation at 696.5 nm calculated using Eq. (6)
with & = 1.9 and &, = 1.6 is shown in Fig. 2. Since at about
16500 K the curve shows a maximum, the plasma temperatures
can also be derived from the measured radial profiles of the
continuum emission coefficients. However, this gives doubtful
temperatures due to several reasons. First, the lack of reliable
data for &, will lead to large uncertainties in the derived results,
especially for temperatures higher than 18000 K. Second, the
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Fig. 2. Dependence on temperature of the calculated emission coefficients for
the Ar I 696.5 nm line, the continuum radiation at the same wavelength, and
the total radiation with the continuum emission coefficient integrated over a
wavelength interval of 3.27 nm. All the curves have been normalized to their
respective maximum values.

continuum emission coefficient curve for temperatures higher
than 16500 K has small variations, which is difficult to be recon-
structed reliably by Abel inversion and will cause large errors.
Finally, the continuum radiation is probably to be affected by
the broadening of the near spectral lines and has a low signal-
to-noise ratio due to the much weaker intensity compared to
that of the atomic lines. The continuum radiation is, therefore,
not suitable for the determination of plasma temperatures by
using the Fowler—-Milne method though the measurement of
intensity distributions at only one wavelength is needed.

2.3. The proposed technique

The measured spectral line intensity unavoidably con-
tains the continuum radiation near the same wavelength. If
the continuum radiation cannot be measured separately and
subtracted from the total intensity, the plasma temperatures
derived from the measured total emission coefficients by ap-
plying the Fowler—-Milne method will be affected. Figure 2 also
shows the calculated total emission coefficient as a function
of temperature, the continuum radiation was integrated over
a wavelength range of 3.27 nm. Compared with the normal-
ized line emission coefficient, the normalized total emission
coefficient is lower and higher, respectively, for temperatures
below and above 15200 K. Therefore the calculated plasma
temperature will be lower than that it should be when ignoring
the continuum radiation.

To take into account the effect of the continuum radiation,
we propose to calculate the plasma temperatures by using the
emission coefficient curve of the total radiation instead that
of the spectral line. Since the measured emission coefficient
is also the combination of the line and continuum radiation,
theoretically there will be no systematic errors in the determined
temperatures.

For this modified temperature determination technique, the
most significant advantage is that the measurement of the con-
tinuum radiation is not needed, which will be important in some
cases in which the simultaneous measurement of the line and
continuum radiation is not convenient. For example, when us-
ing narrow-band filters to acquire the plasma intensities, the
measurement setup can be considerably simplified if only the
distribution of the total emission coefficients is needed. Besides
preserving all the advantages of the Fowler—Milne method, the



proposed technique even improves some of them. For example,
the accessible temperature range for the Fowler—Milne method
is about 10000-27000 K, while for the new technique the range
extends to above 30000 K.

The possible limitation of the proposed technique, except
those also for the Fowler—Milne method, is that the lack of accu-
rate values for the Biberman factors &; and &, will cause some
uncertainties for temperatures higher than 16000 K. In most
cases, the uncertainty will be relatively small since the amount
of continuum radiation for temperatures not high enough is low
compared to the total plasma radiation.

3. Experiment
3.1. Experimental setup and measurement

In the experiment, a direct current power source and a com-
mon tungsten inert gas welding torch were used to generate the
arc. The torch was water-cooled and has a ceramic nozzle with
an internal diameter of 10 mm. Argon (with purity of 99.9%)
was used as the shielding gas with a flow rate of 10 L/min.
The cathode electrode was a 3.2 mm diameter, tungsten rod
(2% Cey0O3 by mass) ground to a conical tip with an included
angle 60°, and the anode electrode was a water-cooled copper
plate situated 5 mm below the cathode tip. The arc was started
by a short high-voltage pulse and free burning at atmospheric
pressure between the two electrodes.

Radiation from the arc was imaged by a lens system onto an
image plane at a magnification of 2:1. A light aperture was em-
ployed to limit light from the arc for obtaining adequate spatial
resolution. On the image plane an optical fiber was mounted
on a motor-driven table which can be moved in the horizon-
tal and vertical directions. The internal diameter of the optical
fiber was 0.2 mm and thus the scanning step along the hori-
zontal direction was determined as 0.2 mm. Spectral intensities
from several layers of the arc were scanned with an observation
distance at the arc of 0.25 mm in the vertical direction.

Light along different chords of the arc was transmitted
by the optical fiber to the entrance slit of a 500 mm focal
length spectrograph (Acton SP500i). In the spectrograph, a 300
grooves/mm grating with a resolution of 0.156 nm was adopted
for spectra dispersion. At the exit slit of the spectrograph spectra
were detected by a charge-coupled device (Princeton TE/CCD-
1100PF, 1100 x 330 pixels), which has a spectral range from
200 to 1000 nm. When the 300 grooves/mm grating was used,
spectra within 170 nm could be acquired by the detector at one
acquisition. Figure 3 shows the Ar I spectra between 680 and
860 nm measured at 1 mm below the arc cathode tip.

3.2. Results

The Ar I 696.5 nm line and the continuum radiation at a
wavelength of 690.7 nm at different axial positions of the arc
were scanned and recorded. We use this spectral line because
it has a strong intensity, is well separated from other lines, and
almost free from self-absorption. The measured intensity of
the atomic spectral line at each chordal position was corrected
by subtracting the corresponding continuum radiation inten-
sity. The side-on measured spectral line intensity profiles were
symmetrized, noise filtered, and Abel inverted using a modified
discrete form [29] of the Fourier—Hankel transform method to
reconstruct the radial plasma emission coefficients.

Figure 4 shows the lateral plasma intensities measured 1
mm from the cathode tip for the Ar I 696.5 nm line and the
continuum radiation at 690.7 nm integrated over a wavelength
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Fig. 3. Emission spectrum between 680 and 860 nm of a 200 A free-burning
argon arc measured at 1 mm below the cathode tip. The spectrum is dominated
by the argon atomic line emission.
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Fig. 4. Lateral variation of the measured plasma intensities for the Ar I
696.5 nm spectral line, the continuum radiation at 690.7 nm integrated over
a wavelength interval of 3.27 nm, their sum (the raw data), and the data after
symmetrization and noise-filtering.

interval of 3.27 nm. The intensity profile for the Ar I 696.5 nm
line was obtained by subtracting the continuum radiation from
the measured total intensities (the raw data). Both the processed
line and total intensity profiles are also presented. Figure 5(a)
shows the corresponding reconstructed radial distributions of
the normalized plasma emission coefficients for the spectral
line with and without subtracting the continuum radiation. Each
profile of the radial emission coefficients shows an off-axis
maximum. Within and outside the maximum position the total
emission coefficient is, respectively, larger and smaller than that
of the spectral line.

Figure 5(b) shows the radial dependence of the plasma tem-
peratures calculated from the line and total emission coeffi-
cients by using the Fowler—Milne method. It is clear that at any
radial position of the arc, the determined temperature without
correction (derived from the sum of line and continuum emis-
sion coefficients) is a little lower compared with that taking
into account the effect of continuum radiation; the discrepancy
becomes larger with the increase of the plasma temperature.
Figure 5(b) also shows the temperatures corrected the influence
of continuum radiation by using the proposed technique as de-
scribed in Sec. 2.3. The results are in good agreement with these
obtained from the line emission coefficients. For temperatures
higher than 18000 K, there are minor differences within 500
K. The difference is possibly caused by several factors, such as
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distributions derived from the spectral line emission coefficients.

the errors in Abel inversion, the uncertainties of the Biberman
factors, and the accuracies of the measured continuum radia-
tion intensities.

To find which factor is the dominant one and to further
check the performance of the proposed technique, we deduced
at each arc axial position the temperature differences between
the temperatures derived from the emission coefficient profiles
with and without subtracting the corresponding continuum ra-
diations. We also calculated the temperature error due to ignor-
ing the continuum radiation as a function of plasma temperature
and compared it in Fig. 6 to those from the experiment. When
using & = 1.9 and &, = 1.6, the calculated temperature error is
systematically lower than the measurements in the whole tem-
perature range. The non-uniform distribution of the experimen-
tal results is indeed due to the errors in Abel inversion. But for
temperatures lower than 16000 K, the uncertainties due to Abel
inversion will be very small and can be neglected. Therefore,
there are other factors which are more important. In Fig. 6 we
also show the calculated temperature errors by increasing the
values of & and &, by a factor of 1.3 and 1.5, respectively. The
calculated errors are in good agreement with the experimental
data. Since & = 2.5 is still in the uncertainty range of the ex-
perimentally measured Biberman factor values [14,20-22], it
is difficult to tell whether the temperature error differences are
mainly caused by uncertainties in the Biberman factors or other
sources. It should be noticed that in our measurement we used
a spectrograph with a wavelength resolution of 0.156 nm, thus
the measured continuum radiation is possibly affected by the
line broadening and contamination. This will also increase the
temperature differences between the experimental results and
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Fig. 6. Comparison of the calculated temperature decrease values and the
experimentally determined temperature errors at different arc axial positions
from 0.5 to 2 mm. A wavelength range of 3.27 nm was used for the continuum
radiation.

the calculations.

Based on the experimental results and analysis, we can see
that the Biberman factor &; near 696.5 nm should be close or
less than 2.5, while the value of &, is difficult to be experi-
mentally estimated due to the low temperature of the plasma
(< 22000 K). Except the errors in the measurements and Abel
inversion, which will also exist in other spectroscopic meth-
ods, the error caused by the uncertainties of Biberman factors
is relatively small. Therefore, the proposed method will give
reliable results for plasma temperature measurements.

4. Discussion

As described in Sec. 2.3, the new technique is proposed to
determine the plasma temperatures without the measurement
of continuum radiation. Although the accuracy of the proposed
technique is mainly dependent on the measured spectral line
intensities, it is still necessary to analyze the influence of con-
tinuum radiation on the results. Particularly, the errors in the
measured temperatures caused by the uncertainties of & and
&, should be presented.

Figure 7 shows the plasma temperature differences calcu-
lated by applying the Fowler—-Milne method with and without
subtracting the continuum radiation from the total emission co-
efficient. In the calculation, we use & = 1.9 and &, = 1.6. The
error caused by the continuum radiation (including the doubly
ionized emission coefficient) becomes larger as plasma tem-
perature increases. For temperatures below 17000 K, the error
is relatively small, less than 500 K. For higher temperatures,
however, the error increases almost in an exponential form. For
example, the error is only about 1000 K at 20000 K, but in-
creases to about 3000 K at 24000 K. Such error indeed cannot
be neglected.

Figure 7 also shows the errors caused by &, & and their
uncertainties. The error caused by & is less than 300 K for tem-
peratures below 15000 K and reaches to a maximum value of
about 1300 K at 23000 K. The error caused by &, is measurable
only for temperatures higher than 20000 K but increases much
faster. Uncertainties in &; and &, cause minor errors in the mea-
sured plasma temperatures. A 30% increase in &; leads to only
about a 250 K difference at 22000 K, and a 50% increase in
&, makes almost the same difference at the same temperature,
while the error caused by ignoring the continuum radiation is
more than 1750 K.
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The different influences of & and & on the measured
plasma temperatures can be ascribed to the different contribu-
tions of the continuum radiation as a function of plasma tem-
perature. As shown in Fig. 8, the free—free and free—bound ra-
diation from interactions of electrons with singly ionized gases
is less than about 40% of the total emission coefficient for tem-
peratures below 23000 K and has a similar distribution as the
line emission coefficient for higher temperatures, while the ra-
diation from interactions of electrons with doubly ionized gases
increases rapidly with temperature and becomes comparable
with the line emission coefficient at 24000 K. It is therefore not
surprise that the error caused by &; is limited to a maximum of
about 1300 K, and the error caused by &, has a steep rise for
temperatures higher than 21000 K.

Since most argon plasmas have a temperature less than
22000 K [3,4,6-9], only the temperature-averaged value of &;
is important; the uncertainty in & almost does not affect the
accuracy of the proposed technique. If the Biberman factors can
be determined more accurately, theoretically we will obtain the
error-free plasma temperatures, and compared to the Fowler—
Milne method, in practice the modified technique should give
more reliable results as the continuum radiation is difficult to
be measured accurately.

The proposed technique is very suitable for measurement of
plasma temperatures with a filter-detector imaging system. In
this system the bandwidth of the filter is an important parameter,
which should be considered in practice. In order to investigate
the effect of filter bandwidths on measurement results, the filter
transmittance curve was assumed to be a Gaussian function:

f(l):exp[—4ln2 (’I;)‘C)z} ®)

where A. is the wavelength of the peak position and B is the
full width at half maximum of the filter.

In Fig. 9 the temperature errors at 21000 K caused by con-
tinuum radiation as a function of wavelength shift for the filter
with different bandwidths are presented. As the filter bandwidth
decreases, the amount of continuum radiation also decreases,
and the error in the measured temperature becomes smaller. It
seems that the filter with a much narrow bandwidth will be
more appropriate, but as the wavelength shift increases the er-
ror increases more rapidly for smaller filter bandwidths. Also
considering the fact that filters with a bandwidth less than 1 nm
are much expensive and need additional apparatus to prevent
drift in the passband, a filter with a bandwidth of between 1 and
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Fig. 8. Calculated plasma emission coefficient and its different contributions
at 696.5 nm for an argon arc at atmospheric pressure. All the curves have
been normalized with respect to the total emission coefficient distribution.
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Fig. 9. Temperature error caused by the continuum radiation as a function
of wavelength shift for the filter with different full width at half maximum
bandwidths.

3 nm would be a good choice when using the proposed method
to calculate the plasma temperature without the measurement
of continuum radiation.

5. Conclusions

For the determination of plasma temperatures using spec-
troscopic techniques, such as the Fowler—-Milne method, the
continuum radiation should be subtracted from the measured
total emission coefficients to remove its influence on the re-
sults. Considering the measurement of continuum radiation, in
some cases, is not easy and will complicate the experiments,
we have presented a technique for the determination of plasma
temperatures without measuring the continuum radiation. The
technique takes account all forms of the plasma radiations into
the theoretical emission coefficient to avoid the error caused by
continuum radiation. Since the amount of continuum radiation
is small relative to the line emission coefficient, the technique
preserves the advantages of the Fowler—Milne method, such as
no requirement of absolute intensity calibration, insensitivity to
self-absorption of atomic lines, and measurement stability for
temperatures between 10000 and 27000 K.

Apart from the requirement of a maximum temperature
which should be higher than the normal temperature and the re-
strictions that are also held for most other spectroscopic meth-
ods, such as the LTE condition, the main possible limitation in
the proposed technique is that the continuum radiation cannot



be accurately quantified due to the uncertainties of the Biber-
man factors. However, theoretical calculations show that such
errors are very small (< 300 K) and almost can be neglected,
though the errors caused by continuum radiation with a band-
width of 3.27 nm will be more than 1500 K for temperatures
higher than 21000 K. The experimental results obtained by this
technique are in good agreement with that from the Fowler—
Milne method by considering the continuum radiation, indicat-
ing the proposed technique is reliable for plasma temperature
measurement.

The technique presented for plasma temperature measure-
ment does not need to know the amount of continuum radia-
tion and thus is particulary suitable for the spectroscopic sys-
tem with a narrow-band filter of about 3 nm bandwidth and a
high-speed detector to characterize the properties of dynamic
plasmas. In combination this technique with the imaging sys-
tem, the time and spatially resolved properties of a pulsed free-
burning arc have successfully been characterized, which will
be presented in a subsequent paper.
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