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An Interpretation of Langmuir Probe Floating
Voltage Signals in a Cutting Arc

Leandro Prevosto, Héctor Kelly, and Beatriz Mancinelli

Abstract—An experimental study of the electrostatic probe
floating voltage signals in a cutting arc and its physical interpre-
tation in terms of the arc plasma structure is reported. Sweeping
electrostatic probes have been used to register the local floating
potential and ion current at 3.5 mm from the nozzle exit in a
30-A arc generated by a high energy density cutting torch with
a nozzle bore radius of 0.5 mm and an oxygen mass flow rate of
0.71 g · s−1. It is found that the floating potential signal presented
a central hump with duration almost similar to that corresponding
to the ion current signal but having also lateral wings with much
larger duration. Capacitive coupling between the probe and the
conducting body of the nozzle and arc as a source for the float-
ing potential signal was discarded. It is assumed that the hump
in these probe voltage signals results from the presence of an
electrostatic field directed in the radial direction outward the arc
axis that is caused by thermoelectric effects. The probe floating
voltage signal is inverted using the generalized Ohm’s law together
with the Saha equation, thus obtaining the radial profiles of the
temperature, particle densities, radial electric field, and potential
of the plasma at the studied section of the arc. The resulting
temperature and density profiles derived from our interpretation
are in good agreement with the data published elsewhere in this
kind of high-pressure arcs. There is not a straightforward connec-
tion between the measured hump amplitude in the floating signal
(≈4 V) and the derived increase in the plasma potential between
the arc edge and the arc center (≈10 V), due to the global zero cur-
rent balance condition established by the finite size of the probe. It
is shown, however, that the probe takes a floating potential value
close to that corresponding to the plasma temperature at the probe
center.

Index Terms—Cutting torches, Langmuir probes, plasma
diagnostic.

I. INTRODUCTION

P LASMA CUTTING torches produce a highly constricted,
hot, and high velocity arc plasma jet between a cathode

and a workpiece acting as the anode. That plasma is created
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by a narrow nozzle inside the torch, into which the gas is
injected at a high pressure [1]. Although there is a widespread
industrial application of this technique, research efforts have
appeared more recently in order to understand the main physical
processes governing the phenomenon and to develop numerical
models for the plasma–gas structure that allows the design of
advanced cutting torches.

A classical diagnostic technique that has been employed to
study high-pressure arcs is electrostatic (Langmuir) probing.
Usually, the floating plasma potential and the ion current are
registered with this technique. In these studies, to avoid probe
damage, sweeping probes have been employed [2]–[6], usually
crossing arc planes that are perpendicular to the current flow
direction. The time width of the signals registered in this
way can be easily translated into a spatial radial thickness if
the probe velocity is known. A characteristic feature of the
probe signals in floating conditions is a decrease in the signal
amplitude extending outward from the peak center and for some
fraction of the peak width. For instance, in Allum’s work [3], a
100-A tungsten inert gas (TIG) welding arc was investigated
at pressures on the order of or higher than the atmospheric
using an electrostatic probe in floating conditions to register
the local probe potential in the arc. Their signals showed two
distinct regions: an outer zone 20 mm in extent and an inner
central zone typically 5 mm wide. Within the central zone, the
probe voltage amplitude showed a decrease of about 2 V. Ion
saturation current signals were also obtained in this work, and
the radial extent of these signals was found to approximately
follow that of the central zone identified for floating probe
conditions. The author interpreted this result by suggesting
that the inner zone corresponded to the current-carrying arc
core and the outer zone to a region having a low degree of
ionization and essentiality noncurrent-carrying. These regions
were also previously identified for high-pressure powerful
arcs [7].

In a previous paper [4], an experimental investigation on the
arc radial structure in the same kind of high-pressure TIG arc
was presented using sweeping probes of different materials in
floating conditions. At currents above 50 A, a central decrease
in the voltage signal amplitude of the probes in floating condi-
tions was detected, which increased with increasing arc currents
at least up to 150 A. A typical peak shape obtained under
floating conditions for a 50-A TIG arc showed a reduction in the
voltage amplitude of about 1 V. By comparing the signals cor-
responding to different probe materials, electron thermoionic
emission was discarded. No clear explanation of the described
signal structure was presented by the authors. No subsequent
work has addressed the problem in detail.

0093-3813/$25.00 © 2009 IEEE
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Fig. 1. Schematic of the arc torch, indicating several geometric dimensions.
The probe biasing circuit is also shown.

In this paper, an experimental study of electrostatic probe
floating voltage signals of the arc generated in a 30-A high
energy density cutting torch and its physical interpretation in
terms of the arc plasma structure is reported. These torches are
characterized by an arc current intensity in the range of 30–
100 A, flat cathodes, oxygen as the plasma gas, very small
nozzle diameters (≈1 mm), and by the generation of an un-
derexpanded supersonic arc jet with a shock wave close to
the nozzle exit [1], [6], [8]–[12]. Using sweeping electrostatic
probes, an amplitude reduction in the probe voltage of about
4 V, which is higher than the previously quoted data on welding
arcs, is found. It is assumed that the shape of these probe
voltage signals results from the presence of a large radial elec-
trostatic field directed outward the arc axis induced by the ther-
moelectric effect. This effect, which is proportional to the radial
electron pressure gradient, becomes quite large due to the arc
fineness. Using the generalized Ohm’s law together with the
Saha equation, the probe floating signal can be inverted to obtain
the radial profiles of the temperature, particle densities, radial
electric field, and potential of the plasma at a given arc section.

II. EXPERIMENTAL ARRANGEMENT

A. Arc Torch

A schematic of the torch indicating several geometric dimen-
sions is shown in Fig. 1. The high energy density cutting torch
used in this paper consisted of a cathode centered above an
orifice in a converging-straight copper nozzle. The cathode was
made of copper (7 mm in diameter) with a hafnium tip (1.5 mm
in diameter) inserted at the cathode center. A flow of oxygen
gas (mass flow rate of 0.71 g · s−1) cooled the cathode and
the nozzle and was also employed as the plasma gas. The gas
passed through a swirl ring to provide arc stability. The nozzle
consisted in a converging-straight bore (with a converging
length of 1 mm and a bore 1 mm in diameter and 4.5 mm
in length) in a copper holder surrounding the cathode (with
a separation of 0.5 mm between the holder and the cathode
surface). To avoid plasma contamination by metal vapors from
the anode (usually the workpiece to be cut), a rotating steel disk
with 200 mm in diameter and 15 mm in thickness was used as
the anode [13]. In this paper, the disk upper surface was located
at 5 mm from the nozzle exit. The arc was transferred to the

edge of the disk, and the rotating frequency of the disk was
equal to 29 Hz. At this velocity, a well-stabilized arc column
was obtained, and the lateral surface of the anode disk was
completely not melted. Thus, practically no metal vapors from
the anode were present in the arc. By machining a small orifice
(1 mm in diameter) on the cathode lateral surface, the pressure
in the plenum chamber (0.7 MPa) was measured by connecting
a pressure meter at the upper head of the cathode.

B. Electrostatic Probe System

The electrostatic probe system employed for studying the arc
was similar to that previously reported in [6] and consisted of a
thin tungsten wire with a radius Rp =0.1 mm, moving through
an arc plane perpendicular to the current flow direction. The
probe had a rotary motion (with a constant frequency of 23.8 Hz)
on a circumference with a curvature radius of 12 cm. Since this
curvature radius is much larger than the arc radius, it can be
considered that the probe crosses the arc section with a constant
translational velocity νp = 18 m · s−1. Since a high energy den-
sity plasma cutting torch creates an underexpanded sonic flow
at the nozzle exit (in our case, photographs of the arc show the
presence of a shock wave at z ≈ 1.1 mm from the nozzle exit,
where z is the axial coordinate along the arc), we studied the
arc plane at z = 3.5 mm. At this axial position, the arc pressure
p can be considered to be near the atmospheric value [8].

A schematic of the probe circuit is also shown in Fig. 1. To
obtain ion current measurements, the probe was biased with
a resistance (R1 = 140 Ω) connected between the probe and
the cathode. The ion signal was registered by measuring the
voltage on R1, using a resistive voltage divider (R2 = 1 kΩ and
R3 = 12 Ω) with an input resistance value much larger than the
R1 value but with a measuring resistance (R3) small enough to
avoid distortions of the signal due to the discharge of the 500-pF
capacitor (corresponding to the measuring coaxial cable) on
R3. This last method of biasing takes advantage of the voltage
distribution occurring during the arc discharge, and it was
successfully employed in a previous work [6]. To perform probe
floating voltage measurements (with respect to the grounded
anode) V f , the values of R2 and R3 were changed to R2 =
56 kΩ and R3 = 3.3 kΩ, while R1 was disconnected and the
voltage on R3 was registered (see Fig. 1). As it will be shown
in the next section, the discharge time of the 500-pF capacitor
on the last R3 value was short enough to avoid signal distor-
tions in floating conditions. The employed oscilloscope was a
two-channel Tektronix TDS 1002 B with a sampling rate of
500 MS/s, an analogical bandwidth of 60 MHz, and an input im-
pedance of 1 MΩ in parallel with a stray capacitance of 20 pF.

III. RESULTS

In Fig. 2, typical Vf [Fig. 2(a)] and ion current [Fig. 2(b)]
signals are shown. As there is only one probe moving through
the arc and the biasing probe circuit to obtain these signals is
different, it is impossible to register them simultaneously; thus,
its location on the time scale is arbitrary. The reproducibility of
these signals was quite good: More than 20 signals of Vf and
ion current were registered for the same operating conditions
of the torch, and the fluctuations in the amplitude, shape, and
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Fig. 2. (a) Typical probe floating signal obtained at 3.5 mm from the nozzle
exit. To reduce the noise from the raw data, (thicker line) a fast Fourier
transform low-pass filter method was applied. The spatial scale corresponding
to the probe velocity is also shown. (b) Typical probe ion current signal.

temporal width of the signals were smaller than 5%. To reduce
the noise from the raw data, a fast Fourier transform low-
pass filter method was applied on the Vf signal (thicker line).
The spatial scale corresponding to the probe velocity is also
shown in this figure. Taking into account the resistance value
of the voltage divider in floating conditions, the current to
the probe (= Vf/(R2 + R3)) was on the order of 10−4 A,
which is a value much smaller than that of the ion current
[≈1 A; see Fig. 2(b)]. The floating signal [Fig. 2(a)] presents
two distinct regions: a central region, with a temporal width
of ≈70 μs (which is equivalent to a spatial thickness of ≈1.3
mm, according to the probe speed), where the probe voltage
amplitude (always negative) shows a central “hump” with a
marked increase of about 4 V toward the arc axis, and a
relatively broad outer region, extending ≈150 μs on each side
of the central region and corresponding to a total thickness of
about 5.5 mm in the spatial scale. As quoted in Section I, the
presence of a hump in floating potential signals has been also
registered in TIG arcs (see [3, Fig. 3(a) (inset)] and [4, Fig. 3]).

It can be seen by comparing Fig. 2(a) and (b) that the
temporal width of the ion current signal (that defines the arc
diameter) is quite similar to that corresponding to the central
region of Vf . As previously quoted, since the signals corre-
spond to different arc runs, the temporal shift between both
signals is meaningless. Based on the similarity between the
temporal widths, as well as on the signal reproducibility, we

have identified the central hump in the floating voltage signal
with the arc diameter, thus defining an “arc radius” RA of about
0.6–0.7 mm. It will be shown later that the coherent picture
that emerges from the analysis of the floating potential signal
substantiates the adopted assumption.

To investigate the origin of the outer region in the Vf signal,
an additional experiment was arranged: The cathode and the
anode were electrically connected using a high resistance (with
a value of 30 kΩ), while the nozzle was biased to the cathode
using a 50-kΩ rheostat. In this way, and without the presence
of the arc, the nozzle was biased to the actual potential when
the arc is burning (the nozzle floating voltage), and through
the 30-kΩ resistance, a potential distribution very similar to the
actual potential distribution was produced. In this situation, the
floating voltage induced on a probe passing very close to the
torch axis was registered. It was found that this signal had neg-
ligible amplitude as compared with that registered with the arc
burning [shown in Fig. 2(a)], indicating a negligible capacitive
coupling between the probe and the conducting body of the arc
and the nozzle. It was then concluded that the outer region of
the Vf signal reflects the presence of a weakly ionized region
around the arc, which is likely generated by photoionization
and electron thermal conduction from the arc core. In this zone,
the temperature is insufficient to sustain significant ionization,
so that its electrical conductivity σ is negligible compared with
that of the arc column.

IV. INTERPRETATION OF THE FLOATING

VOLTAGE SIGNALS

To obtain a physical interpretation of the hump in the Vf

signal shown in Fig. 2(a), we will analyze the fluid electron
equation of motion (generalized Ohm’s law for a plasma)

E + u × B =
j̄

σ
+

j̄ × B −∇pe

ene
(1)

where E and B are the electric and magnetic fields, respec-
tively; u is the macroscopic plasma velocity; j̄ and ne are
the current and electron density, respectively; e is the electron
charge modulus, and pe is the electron pressure [14]. The
second and third terms on the right-hand side of (1) represent
the Hall and thermoelectric terms, respectively. Assuming that
the plasma is in local thermodynamic equilibrium (LTE), the
electron pressure may be expressed as pe = nekT , where k
and T are the Boltzmann’s constant and the plasma tempera-
ture, respectively. Although the effects of non-LTE have been
studied in cutting torches [11], [12], a theory based on LTE
can, in general, make satisfactory temperature predictions when
compared with experiments [8]. In cutting arcs, u is on the
order of the plasma sound velocity, i.e., on the order of the ion
thermal velocity [8], [9], so that u ≈

√
kT/M (M is the ion

mass). The last relation can be used to estimate the magnitude
of the third term on the right-hand side of (1), as compared to
the term u × B. Then, it is found that |∇pe/nee|/|u × B| ≈
kT/(euBRA) = uM/(eBRA) = rLi/RA, where rLi is the
ion Larmor radius. In this problem, it results to rLi/RA �
1 because the self-induced B is relatively small. A similar
estimation can be made between the second and third terms on
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Fig. 3. Schematic of the probe sweeping across the plasma at a generic time.

the right-hand side of (1), so that it can be written as |∇pe|/|j̄ ×
B| ≈ (kneT/RA)/(μ0I

2/4π2R3
A). For typical values of the

plasma quantities of a 30-A cutting torch at the arc axis and
close to the nozzle exit, T ≈ 1.5 × 104 K and ne ≈ 1023 m−3

[8], [15], it results to |∇pe|/|j̄ × B| ≈ 102 � 1. With the
described simplifications, the Ohm’s law becomes

E +
1

ene
∇pe =

j̄

σ
. (2)

The radial component of (2) can be written as

Er +
k

ene

(
ne

∂T

∂r
+ T

∂ne

∂r

)
=

jr

σ
= 0 (3)

where r is the radial coordinate. The last equality in (3) follows
from the fact that the electric current is almost directed in
the z-direction (jz � jr). In highly constricted arcs, the radial
thermoelectric term can reach high values (on the order of
104 V · m−1; see Fig. 6 later), which means that it is even
larger than the main (axial) electric field in the arc column [15].
Therefore, a high electrostatic radial field is induced in order
to balance the thermoelectric term in the radial direction. Using
the relationship Er = −∂Vs/∂r, where Vs is the electrostatic
plasma potential, (3) can be written as

∂Vs

∂r
=

k

ene

(
ne

∂T

∂r
+ T

∂ne

∂r

)
. (4)

A geometrical sketch of the probe passing through the arc
section at a generic time t is shown in Fig. 3. Since the probe
side length is large as compared with the arc diameter, each
differential length element of the probe will collect charges
from a small plasma volume with different plasma quantity
values (T and ne). Since the probe is an equipotential, this
means that, in floating conditions (when the current to the probe
is approximately zero), the zero current balance will be fulfilled
not locally but globally. Some elements of the probe will collect
a net electron current ie, while other elements will collect a net
ion current ii, to yield a total resultant current ip ≡ ie − ii = 0.

Assuming a circular symmetry for the arc section, the arc
core can be divided into several concentric elemental rings,
so that the probe current can be expressed as the sum of
contributions from many regions with different plasma quantity
and potential values, but at the same probe potential Vf (x),
where x is the coordinate of the probe axis. As the electron
thermal velocity νe ≡

√
8kT/(πm) (m is the electron mass)

is very large compared to the fluid-plasma velocity, the usual
expression for the electron current collected by a probe in high-
pressure quiescent plasmas applies. Under floating conditions,
this electron current (per-unit probe length) for a cylindrical
probe is given from the expression presented in [16] but replac-
ing the generic probe potential by its floating value Vf (x)

i′e = 2πRp
1
γ

eneνe

4
exp

(
−e |Vf (x) − Vs(r)|

kT

)
(5)

where the correction factor γ is given by [16] γ ≈ 1 +
(λD/2λea)(kT/e(Vf − Vs)), where λD is the electron Debye
length and λea the electron mean free path for collisions with
neutrals. The factor γ is very close to unity in the temperature
range of interest 5000 K–15 000 K (λD � λea, and kT/e <
|Vf − Vs|), and therefore, γ = 1 was taken. The ion current
(per-unit length probe) under floating conditions for a cylindri-
cal probe in a high-pressure high-velocity plasma jet is given
from the expression presented in [15] but replacing the generic
probe potential by its floating value Vf (x)

i′i = 0.46 eniνBλia
e |Vf (x) − Vs(r)|

kT
(6)

where ni is the ion density, νB ≡
√

kT/M is the Bohm veloc-
ity, and λia is the ion mean free path for collisions between ions
and neutrals, defined as λia ≡ 1/nnσ0, where nn is the neutral
density and σ0 is the elastic cross section, which is typically
≈5 × 10−19 m2 [17].

Taking into account (5) and (6), and using simple geometrical
considerations, one can write the total current (= 0) to the
probe under floating conditions in terms of an integral along
the radial direction as follows:

ip(x≡νpt)=2 ×
RA∫

r=|x|

i′e
r√

r2−x2
dr−2×

RA∫
r=|x|

i′i
r√

r2−x2
dr=0.

(7)

Other equations that can be used are the Saha equation

neni

nn
= 2

Qi

Qn

(
2πmkT

h2

)3/2

exp
(
−EI

kT

)
(8)

and the equation of state

p = (ne + ni + nn)kT (9)

where Qi and Qn are the statistical weights of oxygen ions and
atoms, respectively; EI is the oxygen ionization energy; and h
is the Planck’s constant. Neglecting radial oscillations of the arc
during the crossing time of the probe, the plasma pressure can
be considered as a constant along the arc section.

The plasma is assumed to be electrically neutral and the
density of doubly ionized ions is considered to be negligible,
so that

ne = ni ≡ n. (10)

If the plasma pressure is known, (4), (7)–(10), together with
the experimental registered data for Vf , represent a closed
system to obtain the five unknown quantities of the problem: ne,
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Fig. 4. Radial profile of the plasma temperature obtained at 3.5 mm from the
nozzle exit.

ni, nn, T , and Vs. We have considered in this case a pressure
value of 0.13 MPa for an arc section located at 3.5 mm from
the nozzle exit. Note that an overpressure value of 0.03 MPa
was included to take into account the stagnation effects at the
upstream edge of the probe surface for a plasma flow velocity
of ≈ 2 × 103 m · s−1 (on the order of the ion sound velocity)
and a plasma density corresponding to a pressure of 0.1 MPa
and a temperature of 15 000 K (as it will be shown later, this is
a typical value obtained for T ).

To solve the system of equations, the arc core was subdivided
into N differential concentric rings. In order to obtain a good
behavior for the solutions close to the arc axis, the thicknesses
of the rings were reduced in this region. In practice, it was found
that N = 13 was high enough to obtain smooth radial profiles
of the unknowns. Similar values of N have been successfully
used in inversions of physical quantities having its maximum
values at the center of the distribution [18]. Since (4) is a first-
order differential equation, it is necessary to know a boundary
value of one quantity for obtaining the solution. Taking into
account the particular coupling of the quantities in the equation
system, we have chosen to give the plasma temperature at the
arc outer border [T (RA)] as the prescribed boundary condition.

Replacing (4), (8)–(10) into (7), this last equation becomes
an integral function of T (r) and Vf (x). Note that, for a given
value of x (with a corresponding value of Vf (x) obtained from
the experimental signal), (7) allows one to obtain a temperature
radial profile within the range |x| < r < RA [this range comes
from the integral limits in (7)]. Thus, the complete temperature
radial profile can be obtained, starting with x = RA and there-
fore taking lower x values until reaching the arc center.

In practice, to invert this equation, a discretization of the in-
tegral into a set of N linear equations was performed, allowing
one to obtain the T i value in terms of the previously obtained
T i+1 value (i = 1, 2, . . . , N). Using the obtained T profile, the
rest of the plasma quantities can be derived.

In Fig. 4, the predicted T (r) profile is presented for
T (RA) = 4000 K. As can be seen, the temperature profile
shows a peak value of about 15 000 K at the arc center and
decreases monotonically to the arc edge. The n(r) profile is
shown in Fig. 5. As expected, the larger plasma density values
are concentrated in the region of high temperature values (T >
10 000 K) with an axial peak density value of about 1023 m−3.
These results are in good agreement with previously published

Fig. 5. Radial profile of the plasma density obtained at 3.5 mm from the
nozzle exit.

Fig. 6. Radial profiles of the radial electric field and plasma potential obtained
at 3.5 mm from the nozzle exit.

results [15] obtained using ion current measurements from elec-
trostatic probes at the same axial position of the arc investigated
in this paper. Moreover, a numerical simulation of a similar
30-A oxygen arc cutting torch (validated with spectroscopic
temperature measurements) [8] predicts temperature profiles
close to those obtained here. In Fig. 6, the resulting electrostatic
field and plasma potential radial profiles are shown. As can
be seen, the radial electric field value is high, which is up to
20 V · mm−1, being even higher than the axial electric field
values in the external part of the arc ≈7 V · mm−1 [15]. The
Vs(r) curve presents a marked decrease toward the arc axis (of
about 10 V) produced by the strong electric field.

It must be noted that the selected value for T (RA) = 4000 K
was guided by the σ(T ) behavior for a 0.1-MPa oxygen gas,
with σ being very small for T in the range 4000 K–5000 K and
then growing steeply as the temperature increases [16], [19].
Since the final solution is quite sensitive to the T (RA) value,
its final value was chosen to obtain a T value at the arc center
similar to the other published values [8], [15].

It must be noted that there is not a straightforward connection
between the measured hump amplitude in the floating signal
(≈4 V) and the derived increase in the plasma potential between
the arc edge and the arc center (≈10 V), due to the global zero
current balance condition established by the finite size of the
probe. Taking into account that the electron current to a probe
is much larger than the corresponding ion current for a given
absolute value of the potential drop between probe and plasma,
it is clear that a probe crossing the arc at a generic position (see
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Fig. 3) will take a floating potential close to that corresponding
at the probe center, because at this point, the plasma tempera-
ture is the largest and, otherwise, the zero current balance will
never be satisfied. This point can be quantitatively confirmed by
deriving an “effective plasma temperature” (T ∗) from a simple
formula (corresponding to a homogeneous plasma) relating
the experimental floating potential [shown in Fig. 2(a)] and
the derived plasma potential (shown in Fig. 6) with T ∗. By
equating (5) and (6), it is found that T ∗ remains close but a little
higher than the plasma temperature at the probe center, with a
maximum difference between both temperatures of about 2000
K at the arc center. If, to a first approximation, one considers
that the probe takes a floating potential value corresponding
to the arc temperature at its center, in the case of TIG arcs,
the smaller measured hump amplitude in the floating signal
(≈1 or 2 V, according to the arc current) can be attributed
to a temperature profile with smaller values [1], [2] than that
commonly found with cutting torches.

V. FINAL REMARKS

In this paper, an experimental study of the electrostatic probe
floating voltage signals in a cutting arc and its physical inter-
pretation in terms of the arc plasma structure has been reported.
Sweeping electrostatic probes have been used to register the
local floating potential and ion current at 3.5 mm from the
nozzle exit in a 30-A arc generated by a high energy density
cutting torch with a nozzle bore radius of 0.5 mm and an oxygen
mass flow rate of 0.71 g · s−1. It was found that the floating
potential signals presented a central hump with duration almost
similar to that corresponding to the ion current signal but
having also lateral “wings” with much larger duration. A special
experiment arranged to simulate a voltage distribution without
the arc similar to the actual voltage distribution with the arc
running allowed one to discard capacitive coupling between the
probe and the conducting body of the nozzle and arc as a source
for the floating potential signal. The measurements showed an
amplitude reduction in the floating voltage hump of about 4 V,
which is higher than other reported data in thicker welding arcs.

It was assumed that the hump in these probe voltage signals
results from the presence of an electrostatic field directed
in the radial direction outward the arc axis that is caused
by thermoelectric effects. Using the generalized Ohm’s law
together with the Saha equation, it was possible to invert the
probe floating voltage signal, thus obtaining the radial profiles
of the temperature, particle densities, radial electric field, and
potential of the plasma at the studied section of the arc. The
resulting T (r) and n(r) profiles derived from our interpretation
are in good agreement with data published elsewhere [8], [15]
in this kind of high-pressure arcs.

There is not a straightforward connection between the mea-
sured hump amplitude in the floating signal (≈4 V) and the
derived increase in the plasma potential between the arc edge
and the arc center (≈10 V), due to the global zero current
balance condition established by the finite size of the probe.
It was shown, however, that the probe takes a floating potential
value close to that corresponding to the plasma temperature at
the probe center.
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