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Electrodynamic Properties of Dense
Semiclassical Plasmas

A. K. Baidualiyeva, K. N. Dzhumagulova, T. S. Ramazanov, and A. Bakirzhankyzy

Abstract— In this paper, the dielectric function of dense
semiclassical collisionless plasmas is investigated on the basis of
the interaction potential, which takes into account the effects of
diffraction in a wide range of temperatures and densities. The
dielectric function is analytically and numerically investigated in
approximation of high frequencies. All the obtained results are
in good agreement.

Index Terms— Plasma waves.

I. INTRODUCTION

IT IS well known that the dielectric function plays a key
role in the description of the electrodynamic properties

of plasmas. Using it, one can describe the spectrum of the
plasma waves, optical properties, as well as many other
phenomena [1]–[3]. In dense plasmas, the influence of the
many-body effects and quantum mechanical effects increases.
In this case, the dielectric function can significantly differ
from the dielectric function of rarefied plasmas. To adequately
determine the dielectric function, it is necessary to know the
interaction potential of the plasma particles. Development of
the particle interaction models and study of the properties of
strongly coupled dense plasmas on their basis are of great
fundamental and practical interest [4]–[9]. To take into account
quantum mechanical effects in the interaction potential, a spe-
cial method was developed. It consists of the comparison of the
classical Boltzmann factor and the quantum mechanical Slater
sum. This approach was first described in [10]. The Deutsch
potential [8], [9], which correctly considers the diffraction
effect only at high temperatures, has the following form:

�αβ(r) = Zα Zβe2

r

(
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λαβ

)
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Here, λ̄αβ = �/(2πmαβkB T )1/2 is the de Broglie thermal
wavelength and mαβ = mαmβ/(mα + mβ) is the reduced mass
of α- and β-interacted particles. In this paper, the following
dimensionless parameters are used: � = Zα Zβe2/(a kB T ) is
the coupling parameter [the average distance between particles
is a = (3/4 π n)1/3; n = ne + ni is the numerical density
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of the electrons and ions; T is the plasma temperature;
and kB is the Boltzmann constant] and rs = a/aB is the
density parameter (aB = �

2/mee2 is the Bohr radius).
In [11], the interaction micropotential of the dense semiclas-

sical plasma was obtained on the basis of the method described
in [10] with help of interpolation of the numerical results in
a wide region of temperatures and densities
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where a is the average distance between particles. This
micropotential (2) takes into account the quantum diffraction
effect in a wide region of temperatures and densities.

Dielectric function ε(ω, k) is defined as the value character-
izing the magnitude of charge screening in plasmas. Dielectric
function of collisionless plasmas in high-frequency limit can
be presented by the following expression [1]:

ε(k, ω) = 1 − χ0
e (k, ω)ϕ̃ee(k) (3)

where ϕ̃ee(k) is the Fourier transform of the interaction
micropotential between the electrons, and the response func-
tion of the system of noninteracting particles is

χ0
e (k, ω) = − ne

kB T
W

(
ω
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)
(4)

where vTe is the thermal velocity of the electrons and k is a
wave vector

W (z) = 1 − z exp(−z2/2)

·
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0
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Function W (z) in the asymptotic expansion at the high-
frequency approximation ω/kvTe � 1 is

W (z) = i z
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II. TASKS AND RESULTS

In this paper, the dielectric function of dense semiclassical
plasmas is obtained on the basis of the potential (2). For
obtaining an analytical expression for the dielectric function,
the exponents and tangent in the potential (2) were expanded,
and only the first term, giving the main contribution, was taken
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Fig. 1. Real part of the dielectric function obtained on the basis
of 1—formula (8), 2—the Deutsch potential, and 3—formula (7).
� = 0.5, ka = 0.1, and rs = 5.

Fig. 2. Real part of the dielectric function obtained on the basis
of 1—formula (8), 2—the Deutsch potential, and 3—formula (7).
� = 1, ka = 0.1, and rs = 5.

into account. The Fourier transform of such simplified form of
the interaction potential (2) was deduced analytically and then
we obtained the following expression for the real part of the
dielectric function for collisionless plasmas in high-frequency
limit within asymptotic approximation:

Re(ε(k∗, ω∗)) = 1 − (k∗)2
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Here, dimensionless wave vector and frequency are
ω∗ = ω/ωp and k∗ = ka, respectively, where
ωp = (4πnee2/me)

1/2 is the electron Langmuir frequency.
The real part of the dielectric function within the
Coulomb potential in this approach is presented by the

Fig. 3. Numerical calculation of the dielectric function in the asymptotic
approximation obtained on the basis of 1—formula (8), 2—the Deutsch
potential, and 3—the potential (2). � = 0.1, ka = 0.1, and rs = 5.

Fig. 4. Dielectric function obtained without asymptotic expansion on the
basis of 1—the potential (2), 2—the Coulomb potential, 3—the Deutsch
potential, and 4—formula (8). � = 5, ka = 0.78, and rs = 1.

following expression:
Re(ε(ω∗)) = 1 − 1

(ω∗)2 . (8)

The real parts of the dielectric function obtained by
formula (7), obtained for the Coulomb potential by
formula (8), and obtained for the Deutsch potential are shown
in Figs. 1 and 2. One can see that the real part of the
dielectric function obtained on the basis of the potential (2)
[expression (7)] lies above the other curves and tends to
the data obtained on the basis of the Deutsch potential on
decreasing the coupling parameter.

For more precise estimation of the dielectric function,
we used again (3), (4), and (6), but instead of an analytical
expression for the Fourier transform of the potential (2),
we used a numerical method for its calculation. As a
result, we received data that qualitatively agree with
formula (7) (Fig. 3).
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Fig. 5. Dielectric function obtained without asymptotic expansion on the
basis of 1—the potential (2), 2—the Coulomb potential, 3—the Deutsch
potential, and 4—formula (8). � = 0.5, ka = 0.78, and rs = 1.

Fig. 6. Dielectric function obtained without asymptotic expansion on the
basis of the potential (2) at different coupling parameters, ka = 0.78 and
rs = 1. 1: � = 0.5. 2: � = 1. 3: � = 3. 4: � = 5.

In the third approach, we obtained the dielectric function on
the basis of the numerically calculated W (z) (5). The obtained
results are presented in Figs. 4–6.

In Figs. 4 and 5, one can see that the curves obtained on the
basis of the Deutsch potential and potential (2) are close to
each other and differ from the result obtained on the basis of
the Coulomb potential on increasing the coupling parameter.
However, the result obtained on the basis of the Deutsch
potential lie between results on the basis of the Coulomb
potential and potential (2). In Fig. 6, the dielectric functions
obtained on the basis of the potential (2) at different values of
the coupling parameter are shown.

Based on all the obtained results, one can conclude that
taking into account the diffraction effect in a wide region of
temperature and densities can lead to perceptible change in
the dielectric function.

REFERENCES

[1] S. Ichimaru, “Strongly coupled plasmas: High-density classical plasmas
and degenerate electron liquids,” Rev. Modern Phys., vol. 54, no. 4,
pp. 1017–1059, 1982.

[2] Y.-D. Jung and W.-P. Hong, “Electron spin-interaction effects on the
ponderomotive magnetization and radiation in degenerate quantum plas-
mas,” Phys. Plasmas, vol. 20, no. 8, p. 084502, 2013.

[3] W. R. Johnson, C. Guet, and G. F. Bertsch, “Optical properties of
plasmas based on an average-atom model,” J. Quant. Spectrosc. Radiat.
Transf., vol. 99, nos. 1–3, pp. 327–340, 2006.

[4] T. S. Ramazanov and K. N. Dzhumagulova, “Effective screened poten-
tials of strongly coupled semiclassical plasma,” Phys. Plasmas, vol. 9,
no. 9, p. 3758, 2002.

[5] C. Deutsch, “Nodal expansion in a real matter plasma,” Phys. Lett. A,
vol. 60, no. 4, pp. 317–318, 1977.

[6] T. S. Ramazanov, K. N. Dzhumagulova, Y. A. Omarbakiyeva, and
G. Röpke, “Effective polarization interaction potentials of the partially
ionized dense plasma,” J. Phys. A, Math. General, vol. 39, no. 17,
p. 4369, 2006.

[7] Y.-D. Jung and D. Kato, “Quantum effects on the entanglement fidelity
in elastic scatterings in strongly coupled semiclassical plasmas,” Phys.
Plasmas, vol. 15, no. 10, p. 104503, 2008.

[8] C. Deutsch and M. M. Gombert, “Diffraction corrections to the equilib-
rium properties of the classical electron gas. Pair correlation function,”
J. Math. Phys., vol. 17, no. 7, p. 1077, 1976.

[9] C. Deutsch, Y. Furutani, and M. M. Gombert, “Nodal expansions
for strongly coupled classical plasmas,” Phys. Rep., vol. 69, no. 2,
pp. 85–193, 1981.

[10] A. A. Barker, “Effective potentials between the components of a
hydrogeneous plasma,” J. Chem. Phys., vol. 55, no. 4, p. 1751, 1971.

[11] Z. A. Moldabekov, T. S. Ramazanov, and K. N. Dzhumagulova, “Pair
interaction potential of particles for two-component plasma,” Contrib.
Plasma Phys., vol. 52, no. 3, pp. 207–210, 2012.

A. K. Baidualiyeva was born in Kazakhstan
in 1992. She received the master’s degree in physics
from the Faculty of Physics and Technology, Al-
Farabi Kazakh National University, Almaty, Kaza-
khstan, in 2013, with a specialization in physics,
and the master’s degree in physics from Al-Farabi
Kazakh National University.

She participated in international conferences and
has authored five publications. Her current research
interests include the study of the properties of
the non-ideal plasma, in particular, its optical

properties.
Ms. Baidualiyeva received the Scholarship of Academician F. Baymbetov.

K. N. Dzhumagulova was born in Zhambyl,
Kazakhstan, in 1971. She received the Doctor of
Physical and Mathematical Sciences degree from
the Physical Faculty, Al-Farabi Kazakh National
University, Almaty, Kazakhstan, in 1993, with a
specialization in physics. In 1997, she defended
her thesis on the thermodynamic properties and the
distribution of a microfield of a non-ideal plasma on
the specialty Physics and Chemistry of Plasma. In
2008, she defended her Ph.D. thesis on Structural,
Thermodynamic and Transport Properties of Com-

plex Plasma on the Basis of the Pseudopotential Models on the specialty
Plasma Physics.

She is currently the Head of the scientific projects funded by the Ministry
of Education and Sciences of Kazakhstan. She teaches courses for bachelor’s,
master’s, and Ph.D. doctors at a high pedagogical level. She is a Highly
Cited Scientist from Kazakhstan. She has authored over 150 scientific articles
in national and international journals, including about 40 in refereed journals
with non-zero impact factor. She has patents of the Republic of Kazakhstan.
Her current research interests include the study of the properties of the
non-ideal plasma of complex composition.

Prof. Dzhumagulova received the State Scholarship for talented young
scientists from 2002 to 2005, the Grant of the German Academic Exchange
Service (Training in Germany) in 2002, and the Best University Teacher
Grants in 2007 and 2013.



504 IEEE TRANSACTIONS ON PLASMA SCIENCE, VOL. 44, NO. 4, APRIL 2016

T. S. Ramazanov was born in Atyrau, Kaza-
khstan, in 1961. He received the Doctor of Physical
and Mathematical Sciences degree from the Physi-
cal Faculty, Al-Farabi Kazakh National University,
Almaty, Kazakhstan, named after S. M. Kirov.

He is currently a Doctor of physical and
mathematical sciences and a Professor. He super-
vised one D.Sc. candidate, 13 candidates of sci-
ences, and four Ph.D. doctors. He has authored over
350 scientific publications, three of which are in
the peer-reviewed scientific journals with the high

impact-factor. He made more than 120 scientific reports in prestigious interna-
tional conferences. He has co-authored three monographs, 15 methodological
papers, and a book entitled Electricity and Magnetism in Kazakh language.

Prof. Ramazanov was a nominee of the State Grant of Ministry of
Education and Science of R. K. The Best Teacher at High School
in 2006 and 2010, and twice the State Scientific Grant for the scientist and
experts who have brought in the outstanding contribution to the development
of science and engineering from 2002 to 2006.

A. Bakirzhankyzy was born in Kazakhstan in 1992.
She received the master’s degree in physics from
the Faculty of Physics and Technology, Al-Farabi
Kazakh National University, Almaty, Kazakhstan,
in 2013, with a specialization in physics, and the
master’s degree in physics from Al-Farabi Kazakh
National University.

She participated in international conferences and
has authored six publications.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


