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The paper considers the dynamics of tungsten impurity absorption line appearance in the plasma channel of the pulse
discharge in water (PDW) during the plasma relaxation process. In the initial stage of discharge (3 us) any tungsten and
hydrogen absorption line is not observed in the spectrum. The optical gap width AE in the nonideal plasma exceeds
5.5 eV. After 20 ps in the process of plasma relaxation, the absorption lines appear in the spectrum. They correspond to
transitions from the ground level to the levels with higher energies, not exceeding 3.24 eV, i.e. the gap width is 4.74 eV.
After 53 us the gap width decreases down to 2.22 eV. The estimations of the electron concentration in the plasma,

obtained on the basis of the gap width, and on the plasma frequency, are in a good agreement.
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1. INTRODUCTION

At present time one cannot practically meet in the
literature any data on investigations of metal atom
radiation and absorption spectra in the case of high
plasma densities (except for mercury [1]). The authors of
[2] only noticed that the number of lines corresponding to
the material of conductor, which initiates the pulse
discharge in water (PDW), increases with time, however
the dynamics of their appearance during the plasma
relaxation process was not investigated. Not too many
experimental results on unrealizable levels of metal atoms
can be found also in the review [3]. At the same time in
theoretical works [4-6] a possibility of optical gap
presence in the nonideal plasma with the high degrees of
nonideality is validated.

Thus, there are not enough regular experimental
researches in the given field and, therefore, the task has
been set to investigate the dynamics of the metal line
absorption spectrum with decreasing the degree of PDW
plasma nonideality when impurity metallic atoms are
introduced into the plasma channel.

2.THE MAIN PART

We have -carried out investigations using the
equipment with a capacity of discharge batteries of
14.6 uF and a discharge period of 15.5 ps. The diameter
of a tungsten conductor electrode initiating the discharge
was 320 um, initial voltage 20 Kv, interval between
electrodes 40 mm. In this case the plasma consists, for the
most part, of tungsten atoms and ions.

Let us consider the dynamics of absorption tungsten
line appearance in the spectral range from 488 to 561 nm.
In Figs. 1-3 presented are the microphotograms of the
photometric density distributions of a photofilm in this
range. The microphotogram (Fig. 1) shows that after
342 ps of the discharge it is not possible to reveal any line
of tungsten absorption or radiation.

In the ideal plasma in this range of wavelengths there
are observed the tungsten lines with a minimal excitation
potentials, i.e., 2.66 eV (AL = 551.47 nm), gf=0.0039

(transition from 3326 to 2145cm™); 2.48eV
(A =543.5nm), gf = 0.00063 (transition from 1670 to
20064 cm™); 2.48 eV (A = 498.26 nm), gf = 0.0019,
(transition from 0 to 20064 cm™) and others [7] (gf is the
product of statistical weights and oscillator strengths at
the absorption). The optical gap width is the difference
between the atom ionization potential value (E;) and the
higher energy excitation of the observable transition with
the greatest excitation potential (E,): AE = E; — E,.
However, it is not possible to observe them in the
absorption spectrum during these moments of time. Even
the transitions from the ground state are not observed.
This fact unambiguously proves the existence of an
optical gap effect, and the optical gap width is equal to
AE>5.5¢eV.
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Fig. 1. Microphotogram of the photofilm photometric
density distribution in the spectrum range AL =488-561
nm, t=3+2 us
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Fig. 2. Microphotogram of photofilm photometric density
distribution in the spectrum range AL =488-561 nm,
t=23%2 us. Absorption lines of tungsten atoms are
marked (the wavelengths are in A and the excitation
potentials are in eV)
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In the process of pressure decreasing and slight
increase of brightness temperatures (t = 23 us), against
the background of continuous spectrum, very broadened
tungsten absorption lines do appear, which belong to the
lower spectral levels with an excitation potential not
higher than 3 eV (Fig.2). The lower the excitation
potentials, the deeper the downward excursion of tungsten
absorption lines. No line with a higher excitation potential
at this moment of time is observed, the fact testifying
about unrealisation of the upper levels in the microfields
of strongly nonideal plasma. The gap in the absorption
spectrum in this case is equal to AE =4.7 eV.

The electron concentration N. was evaluated by the
formulas of [4, 5]

AE /KT = (3-4)+,
which after transformations takes the form

AE = (3-4)-Z¢*(2N.)"?, @)
and by the formula of [6]:

AE / kKT=2.4*", 2),
where AE is the width of the optical gap in the spectrum,
N. — electron concentration, T — plasma temperature, k —
Boltzman constant, y— degree of plasma nonideality.

For t=3 ps and AE > 5.5 eV these formulas give,
respectively:

N > (2-4)-10* cm™ and 5.5-10* cm™.
For t=23 ps and AE > 4.7 eV we obtain the values (3...
7)-10*and 3-10*' cm?, and the degree of nonideality y =
2.5 at T, = 10* K. The values N, found for t = 53 ps and
AE = 4.54 eV are 1-10*' and 3000*' cm ~*, correspondingly.
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Fig. 3 Microphotogram of photofilm photometric
density distribution in the spectrum range
AL =488-561 nm, t=53+2 us

Calculations of electron concentration using the
plasma frequency, observed in the spectrum, give for N.
the values =5.0-10*' cm™ at t=23 ps and =4.5-10* cm™ at
t=53 us [9]. Hence the difference between values of N,
calculated by two independent methods, is no more, than
factor three. Therefore, to estimate N, one may use the
formula given in [6], but for high N. that formula should
be corrected. The similar values of N. obtained by two
methods confirm that the intensity dip observed in the
spectrum corresponds to the plasma frequency [8].

To check out the validity of the statement that the
lines with high excitation potentials are not realized, let us
choose several pairs of tungsten lines with different
excitation potentials and very different oscillator strengths
[7]. The brightness temperature of plasma is known, thus
we shall estimate the intensity ratio (of equivalent widths)
for several pairs of lines in the assumption of the
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Boltzmann distribution of level population by formulas
[10]:

5 BE - exp(- hu, )
m - g1 fidi e #T % kT , 3)
Wy g,/5A%° 1- exp(- hu 2)
( kT

w, = IQ(U)dU = Noflgle_E/kT ),

where Ei, E, are the excitation potentials of the upper
levels of the first and second lines, T — temperature, W —
equivalent line width, Q@ — dependence of absorption
coefficient on frequency, 0 — frequency (cm™). The
concentration N, of absorbing atoms is absent in the
formula because it is reduced in the definition of the line
width ratio. In this formula the forced transitions are taken
into account also; the gf values are originated from [7].
The calculated results for three pairs of lines are given in
the Table.

4| Anm| gf [Eev |TOCK| W./W,

1 §?§§ 069235 25?95 8...11.50.443...0.115
? §§i§ 0'10_53 ?:32 8...11.5[0.323...0.137
’ 225‘2‘ 0'02039 g:gg 8...11.5[0.049...0.0183

These results support the classical consideration of
spectra, according to which the lines with a high gf value
should appear in the absorption spectrum without fail,
because their equivalent widths are larger than the width
of lines with small gf value but with low excitation
potentials. This result is an experimental confirmation of
theoretical assumption about disappearance of upper
levels in the strong plasma microfields due to the increase
of the degree of plasma nonideality [5, 6].

Thus, we obtained the experimental evidence of a
nonrealisation effect and optical gap existence in the
nonideal plasma radiation (absorption) spectrum. The
optical gap can achieve 5.5eV or higher values.
Therefore, all the levels of optical transitions of atoms can
disappear in a strongly nonideal plasma, except the
ground state. As the consequence, when -calculating
statistical sums, one has to use the statistical sums of a
nonexcited atom with outer shell electron in a ground
state. Since some levels disappear, the recombination rate
and radiation intensity of the continuous spectrum are
decreasing.

It is obvious from the foregoing: the Boltzman
distribution of the upper level population is disturbed. In
such a case the nonideal plasma can be considered as a
nonequilibrium one. Therefore, to use the “growth
curves” for finding the metal atom density on the plasma
channel surface, as it was done in [11], is impossible due
to disappearance of the upper levels and disturbance of
the Boltzman distribution. The values of N., obtained
using the plasma frequency, are in accord with the values
of N obtained by the formula of [6] given for an optical
gap AE in the absorption spectrum.



3. CONCLUSIONS

At the initial stage of the discharge all the absorption
line levels disappear and the optical gap width in the
spectrum achieves the value AE > 5.5¢V.

With y decreasing, the gap width decreases too and the
levels with increasingly higher excitation potentials are
observed. The Boltzman population of the upper
absorption line levels is disturbed and, consequently, it
becomes impossible to apply the "growth curves” for
determining the metal atom density on the plasma channel
surface.

The H , line in the discharge spectrum with high
concentration of metal atom impurities was not observed.

The intensity of recombination spectrum radiation
increases with increasing number of lines that appear in
the radiation and absorption spectra. This is an evidence
of the fact that the recombination coefficient increases
with decreasing the degree of plasma nonideality and
increasing the number of levels, at which the
recombination can occur.
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O HEPEAJIM3AIIMM JIMHUA BOJIb®PAMA 10 OCHOBHOI'O COCTOSTHUS
B HEUJIEAJIBHOM IJTASME UMITYJIbCHBIX PA3PS10B B BOJE

O.A. @edoposuu

PaCCManI/IBaeTCSI JUHAMHKaA ITIOABJICHUS JIMHUH IIOIJIOIICHUA Bom)(bpaMa B HeHﬂeaﬂbHOﬁ I1asMe€ MMIYJIbCHOI'O
paspsna B Boge (MPB) npu BBe/icHHM B KaHAT MPUMECEH MeTalla o Mepe peliakcaluy mia3Mel. Ha HauanpHOM craguu
paspsaa (3 MKC) B CIIEKTpe HE HaOomaeTcss HU OAHOW JIMHUM TOTJIONICHMsI BOJbGpama W Boaopoaa. BemndwHa
ontudeckoil menu AE mpessimaer 5.5 3B. Uepes 20 Mkc, Mo Mepe peakcaliyl IUIa3Mbl, MOSBISIOTCS BHAYaje JTUHUU
MIOTJIOMICHUS C TIEPEX0AaMHU C OCHOBHOTO YPOBHS Ha YPOBHH C BEPXHUMH dHEPTUAMH, He MpeBbImatommmu 3.24 3B, T.e.
¢ BenmuuHON mienmu 4.74 5B, u Ha 53 MUKpOCEKYHIE BEIWYHMHA IIeNH cocTaBisieT 2.22 3B. OueHKH KOHICHTpaLuH
AJIEKTPOHOB B IUIa3Me MO BEJIMYHMHE IIENU U 110 IIA3MEHHOM YaCTOTE XOPOIIO COTJIACYIOTCS.

PO HEPEAJII3AIIIO JITHIA BOJIb®PAMY 10 OCHOBHOI'O CTAHY
B HEIJIEAJIbHIM IIJIA3ZMI IMITYJIbCHUX PO3PS/IIB Y BOJI

0.A. @edoposuu

Po3risiHyTO MUHAMIKY MOSBU JIiHI MOrNMMHAHHS BOJb(paMy B HeifleallbHIN I1a3Mi IMITyJIbCHOTO O3PSIy y BOAI
(IPB) mpu BBeneHi B KaHaJ JOMIIIOK METay IO Mipi penmakcarii mmasmu. Ha modaTkoBiii cranii pospsmy (3 MKc) B
CHEKTpi HE CIIOCTEpIracThcs Hi ONHA JiHIS TMOTIMHAHHS BOJb(pamy i BomHio. Bemmuamna ontmunoi mimman AE
nepesumrye 5.5 eB. Uepes 20 Mkc, o mipi penakcarii mia3mu, 3’ ABISIFOTHCS CIIOYATKY JIiHIT IOTIIMHAHHS 3 TIEPEeX01aMH
3 OCHOBHOTO DIBHS Ha PiBHI 3 BEPXHIMH EHEprisiMHU, sKi HE TepeBHIlyioTh 3.24 eB, ToOTO 3 BENWYMHOIO IMIITMHU
4.74 ¢B, 1 Ha 53 MKC BeMMuMHA HIUTMHE ckianae 2.22 ¢B. OImiHKK KOHIEHTpAIIl eJIEKTPOHIB B IU1a3Mi, 3po0JieHi 3a
BEJIMUMHOIO IIIIMHY 1 32 IJIa3MOBOIO YaCTOTOI0, 100pE Y3rOKYyIOThCS.
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