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Abstract

1t is known that after a bow shock in front of the day-side of the magnetosphere, i.e. in the
magnetosheath,  the solar wind flow decelerates. Therefore,  the solar wind an anomalous
resistance develops, which causes an increase in the magnetic viscosity of the plasma. This effect is
especially felt in the focal area of the magnetosheath (the stagnation zone before the
magnetosphere) where, according to our discussion, unlike in the peripheral areas of the
magnetosheath, the approximation of single-fluid magnetic hydrodynamics (MHD) is not correct.
This is especially characteristic of the base of the stagnation zone, which is the central area of the
Earth’s magnetic boundary layer (the magnetopause). Thus, it will be correct to describe the large
scale motion of the solar wind plasma, having finite electric conductivity, with an equation system
of double-fluid magnetic hydrodynamics. Generally, working out self-consistent analytical solutions
to the magnetic and velocity fields, except in extremely simple cases, is impossible due to
mathematical complications. However, there is a solution to this problem in the case of the flow
around of the magnetosphere as due to violent deceleration of the solar wind. In the focal area of
the magnetosheath it is possible to determine the flow topology in the kinematic approximation.
Such a solution enables to solve the equation of the magnetic induction, constituent of the MHD
equations system and corresponding to the magnetopause, by analytical approximation methods.
Among different kinematic models, which include the solar wind deceleration effect near the critical
point of the magnetosphere, Parker’s plane (two dimensional) kinematic model for incompressible
medium is especially simple [1]. This model and its spatial modification were effectively used in
different tasks [2]. Namely, it appeared convenient for obtaining the magnetosphere parameters in
quasi-stationary approximation by means of different models of variations in time of the magnetic
viscosity of the solar wind [3,4].
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Magnetogradient waves of Rossby type. Variation of the thermodynamic parameters of the
plasma due to the solar wind deceleration in the magnetosheath may cause different kinematic and
hydrodynamic phenomena. Namely, near the dayside boundary of the magnetosphere there is a
possibility of generation of so-called magneto- gradient (MG) waves of Rossby’s atmospheric
planetary wave type. The existence of such waves in the Earth’s ionosphere was independently
supposed in the papers [5,6]. For activation of the physical mechanism for generating the MG
waves it is necessary for the plasma to move with low hydrodynamic velocity or stagnate at the
background of transverse electric conductivity (so-called Hall effect) towards the inhomogeneous
magnetic field. It appeared that besides in the ionosphere the generation of the MG waves is also
possible in the stagnation zone before the magnetosphere where the solar wind velocity becomes
commensurable to the electromagnetic drift velocity of the electric component of the plasma [7, 8-
Aburdjania, et.al, 2007,9]. In these papers the discrete spectral time characteristics of the MG wave
frequencies were obtained as the stationary MHD conditions were considered. Then these
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conditions were generalized for a quasi-stationary case. Thus we suppose that it is useful to use the
results of the paper [3]. In such case, as it will be shown below, it will be possible to determine
continuous spectral time characteristics of the MG waves by means of the quasi-stationary
parameters of the magnetopause.

Let us enter the rectangular coordinate system with its zero point in the critical (front) point
of the magnetosphere. The x- axis is directed to the sun, the y -axis coincides with the direction of
the geomagnetic field boundary force line perpendicular to the equatorial plane, the z -axis is
directed to the central equatorial section of the magnetosphere alongside the magnetosphere
boundary. It is known that in a double-fluid MHD approximation two types (fast and slow) of MG
waves may generate. Such waves may also generate in the stagnation zone of the magnetosheath,
especially in the central area of the equatorial magnetopause. The phrasal velocities of these waves
are determined by the expressions [8,9]:
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where C, =c/(47zen)(6H ) /8x) is a magneto-gradient wave (so-called Khantadze wave),

A fast MG wave:

A slow MG wave:

C;7 =-pf, /kf >0 1is the Rossby’s type wave, B, =e/(Mc)(6Hy/8x) is the parameter of the

magnetic field inhomogeneity (so-called magnetic parameter of Rossby), k. =27/4 is the wave

number connected with the scale of the linear inhomogeneity of the task, e -is the elementary
charge, n — the electron density, M — the proton mass, ¢ — the light velocity . In a single-fluid
approximation, i.e. when there is no Hall electric conductivity effect, there will be only stable MG
wave.

According to (1) and (2) expressions, in order to determine the spectral characteristics of the
wave in the equatorial magnetopause by means of the dispersive relationship it is necessary to
analytically determine the magnetopause thickness and the distribution of the geomagnetic field in
it. In addition, in the first approximation we may use the magnetopause thickness as the
inhomogeneity linear scale determining the wave number [8]. Let us refer to the papers [3,4], in
which by use of the Parker kinematic model, by analytical method of the Schwec successive
approximation [10] the quasi-stationary solutions of the equation of the magnetic field induction
are obtained. These solutions correspond to different models of time variation of the electric
conductivity of the solar wind. In the previous results the impulsive time variation of either the
electric resistance of the solar wind plasma, or the parameter depended on it - the magnetic
viscosity, were not considered [11]. But obtained experimental data proved the possibility of
anomalous increase of the electric resistance of the solar wind that has been used in modern
computer experiments [12]. Therefore, it is obvious that qualitative and quantitative corrections of
the previous results of modeling of magnetopause carried out earlier are necessary.

Let us not take into account the curvilinearity of the extreme force line of the geomagnetic
field on the boundary of dayside magnetosphere. In case of such admission for determining
topologic image of nonstationary distribution of the magnetic field in the Zhigulev second category
plane boundary layer we may use a single-component equation of magnetic induction #
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This equation involves magnetic viscosity 4,, as a coefficient that is defined by & specific electric
conductivity

7 ¢
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Let us use the following expressions for modeling of the impulsive time variation of & parameter
during perturbation of the solar wind
t t

DA =de®; 24, =A(l-¢ ™), (5)
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where A, 1s the value characterizing the magnetic viscosity, 7, - the time characterizing the

impulsive variation of this parameter. It is obvious that these models are physically similar and
show the change of the electric conductivity of the plasma from the finite to the ideal and vice
versa.

According to the Shwec successive approximation analytical method suppose that the value of the
Earth’s dipole magnetic field in the lower boundary of the magnetopause is constant and gradually
decreases in latitudinal direction of the 6, thickness of the magnetic boundary layer. Thus, the
infinite upper boundary of the integration may be replaced by the finite thickness of the magnetic
boundary layer. Then this parameter is defined in analytically clear form. Such a possibility is main
advantage of the Schwec successive approximation.

Thus, we have the following boundary conditions for the (3) equation

H,=H, when x=0; H,6=0, when x=7,. (6)

Near the critical point of the magnetosphere the velocity field of the noncompressible
plasma is determined by the Parker’s plane kinematic model
u=—-ox, v=az, @)

where « is the reverse value of the time characteristic for the overflow of the magnetosphere day
side. Further we will use value « =0.01, which corresponds to the velocity of the electromagnetic
drift in the stagnation zone V=5 km/ sec in the case of minimal linear scale of this structure: 1000
km. Thus, by means of (7), in case of the (5) model, we will have the equation
oH, OoH, . ’H, '
ot ox "oox’
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In the (6) boundary conditions, for solving the (8) equation by Shwec method, also the
corresponding equation of the (5.2) model and for gaining information on the determination scheme
of the magnetopause thickness we may refer to the works [2008]. Therefore, it is quite sufficient to
present quasi-stationary expressions of the distribution of the magnetic field over the meridional
magnetopause and the boundary layer thickness (' means the time derivative)
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The existence of the magnetopause is provided by the global surface DCF current, which
screens the geomagnetic field from the solar wind. In this way the correctness in regard to the
general image of the flow around of the magnetosphere, according to which the magnetopause is the
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magnetic boundary layer, will be proved. For model 1) we have o, =<3ﬁ,0ma'l )1/2 when =0,

according to (10). So, Earth’s magnetic boundary layer a priori has a certain thickness in this case,
as opposed to case 2) for which §,, =0 when ¢ =0. It means that we may use physical analogy at

the hydrodynamic boundary layer, inside of which for assessment of the energy changes there are
two effective parameters: the thickness of the boundary layer and the thickness of loss of the
mechanical impulse. For the MHD boundary layer, as the analogy of these parameters, two
characteristics were used: 1) &_ - the thickness of displacement of magnetic field induction; 2) &, -
the thickness of magnetic energy displacement [4,11]. According to the explanation the thickness of
displacement of magnetic field induction shows the thickness of the induction flow loss by means
of comparing the distribution of the magnetic field to the corresponding distribution of the ideal
profile in the latitudinal section of the magnetopause. In addition, the thickness of the energy loss of
the magnetic field shows the thickness of the lost energy layer by comparing it to the ideal
distribution. Generally, these parameters are defined by the following expressions

Gy m [ (1= &)z, (13)
Gp= R (1-5 ) éx (14)

Therefore, it is logical to consider the one of the thicknesses (10), (12), (13) and (14) as the
linear scale necessary for quantitative assessment of the MG wave parameters. It is obvious that in
(9) and (11) expressions the role of the second approximation is much less compared to the first
one. It is obvious that parameters C, and C, will change according to the time as well as

transversally to the magnetopause. Consequently, for assessment of the magneto-gradient wave
velocity and the Rossby magnetic parameter it is sufficient to consider that the distribution of the
magnetic field in the magnetopause is approximated by the linear terms of the expression (9) and
(11). Thus, the phase velocities will be defined by the first approximation of Schwec. It means that
we may use the following simple expressions for the magneto-gradient wave and the Rossby wave
constituent of the expressions (1) and (2)

¢ H, C = eH, '
drmen S, P Med,k?

(15)

These formulas included &, as the linear scale and H, as a characteristic value of the

magnetic field in the magnetopause. Thus, we can have characteristic values of the phase velocities
of in the quasi-stationary magnetopause, the thickness of which is determined by the variation in
time of the magnetic viscosity of the plasma. Let us use the following parameters of an average
disturbed solar wind plasma near the magnetosphere boundary: A, = 10%cm’s”!  and
n = 20particle.cm™. The characteristic value H,=2-10"" gauss corresponds to the unperturbed

value of the geomagnetic dipole at the low boundary of the magnetopause. Now, we can determine
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the value of the wave number by means of the minimal linear scale of the stagnation zone boundary
—I%10% cm, ie. key, = 2w 107%em [8]. Let us consider the characteristic time of the
magnetospheric substorm development — 500s as the characteristic scale of the T, time. By means of
these parameters the following characteristic values are defined: €y % 5+ 10%m.s' and
‘:F:, % 2.10%m.s". Therefore it becomes possible to define the velocities of the fast and slow
magneto-gradient waves, after which we recieve the frequency spectrum characteristic of the
magneto-gradient waves by means of expressions: w. =k €, and w. = &L . As a matter of fact,
there is not a great difference between these values, due to which in the equatorial magnetopause an

overlap of the frequency spectrum of the fast and slow magneto-gradient waves will take place
t
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The figures 1-2 show the scheme of variation of the «w. parameter and the schemes of the §,,and &
parameters during the characteristic time interval for both models of magnetic viscosity. Thus, in
case of A=A, e’ the characteristic value of @, is almost constant- 0.5Hz. However, when

A, =4, (1—e"™) we have the characteristic spectrum value of the w. (0.2-0.05)Hz. For

comparison we may use value @, * % 18™% Hz, which was obtained in the approximation of the
minimal size stagnation zone in the paper [8]. It is obvious that in case we use the &, as a
characteristic linear scale instead of the o, there will not be much difference in quantitative results.

Thus, in the limits of the above presented model in the equatorial magnetopause a significant
change of the frequency spectrum of the magneto-gradient waves characteristic of the stagnation
zone may occur. It may be caused by the change in the thickness of the magnetopause and the
specification of the distribution of the magnetic field in it due to variation in time of the magnetic
viscosity of the solar wind. It is noteworthy that in such a case the frequency spectrum characteristic
of the stagnation zone contains the frequencies of short and middle period geomagnetic pulsations.
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MOIleJIHpOBaHI/Ie CIICKTpa YaCTOT MAarHMTOrpain€¢HTHBLIX BOJIH HA
3KBaT0pHaJ’IbH0ﬁ MarHuroiay3e B cjy4dac HepeMeHHOﬁ JIEKTPONIPOBOAHOCTH
J1a3Mbl COJTHEIHOI'0 BE€Tpa

M.Uxutynunze, 3. Kepeceanaze

Pesiome

H3BecTHO, YTO B HEPEXOAHOM CIIOE€, HA JHCBHOW CTOPOHE MAarHUTOC(epsl, MOCIE MPOXOXKICHUS
¢poHTa ynapHOW BOJHBI, MPOUCXOAUT TOPMOXKEHHE TEUeHHs COJNHEeYyHOro BeTrpa. COOTBETCTBEHHO, B
COJIHEYHOM BETPE Pa3BUBAETCS aHOMAJIBHOE AJIEKTPUUECKOE COIIPOTUBIICHUE, UTO BBI3bIBAET YBEIUUYCHUE €T0
MarHUTHOW BS3KOCTU. DTOT 3(dekT Haxoautcs B (OKAJIbHOM YacTH MEPEXOIHOro ciios (3acToiHas 30Ha
nepeq MaraHuTocepoil), rne B OTIMYHE OT TepHUPEepHiHBIX obiacTed, IO HameMy MHEHHIO,
OJTHOXKHMJKOCTHOE TMPUOIIDKEHHEe MarHuTHOW ruapoamHamuiku (MIJl) siBisiercss HecnpaBemauBbIM. Takoe
3aMe4yaHle OCOOEHHO OTHOCHUTCSI K OCHOBAHUIO 3aCTOMHOM 30HBI T.€. K IIEHTPaJIbHOM yacTu (MarHUTONay3bl)
MarHATHOTO TOTpaHWYHOro cios 3emid. [losToMy, TyT Ui omMcaHHWS KpPYNMHOMACIITAOHOTO JIBIDKCHUS
IUIa3Mbl  COJTHEYHOTO BEeTpa, HMEIOIEHl KOHEYHYIO JJIEKTPHUUYECKYI0 IIPOBOJUMOCTb, IIOJIB3YIOTCS
YPaBHEHUSIMU ABYX)KHIKOCTHON MarHWTHOW THAPOJMHAMHKH. BooOiie, momydeHrne camMocoriacoBaHHOTO
AQHAJIMTUYECKOr0 PpeIIeHHs MarHUTHOTO MHOJS M IOJIA CKOPOCTEeH, KpoMe OCOOEHHO MpPOCTBIX CIIydaeB,
ABJSIETCS HEBO3MOXKHBIM ~ M3-3a MaTeMaTH4yecKux ocjlokHeHuH. OpjHako, B cioydae oOOTeKaHUs
MarHUTOC(EphI, U3-32 PE3KOT0 TOPMOKEHHUS COMTHEYHOT0 BETPA, CYIIECTBYET BBIXOJ - TOMOJIOTHIO TCUCHHUS B
(hokanbHOI YyacTH NEPEXOIHOIO CIIOSI MOYKHO ONpPENeINTh B KHHEMATHYeCKOM NpHOnxeHuH. Takoi crocod
MO3BOJIACT OJIHY W3 COCTaBistomux cuctembl MI'Jl ypaBHeHHWH MarHuTonaysbl (B YaCTHOCTH, ypaBHEHHUE
MarHUTHOW MHIAYKLUWH) HAWTH NpeOamKeHHbIM MeTodoM. Cpean pa3iu4HbIX KMHEMaTHYeCKUX Mojeneil,
KOTOpBIE ONMCHIBAIOT IPOIECC TOPMOKEHHUS COTHEYHOTO BETPa BOIM3M KPUTHIECKONH TOUKH MAarHUTOC(HEpHI,
0c0o00ii MPOCTOTOH BBINENsAETCS IUIOCKas (IByXMEpHas) KuWHeMaTHueckas wmozenb Ilapkepa s
Hec)kuMaeMod cpenpl. B maHHON pabote, 3Ta MOZAENIb HCIOJIB3YeTCsA UL OIpENENeHUs XapaKTepHBIX
HapaMeTpoB MAarHUTOTPAAMCHTHBIX BONH PoccOm Ha sKBaTopHanbHON MarHuromayse. Jlis sToro ObuIn
UCIIOJIb30BAHbI MOJIENIM UMITYJILCHOTO U3MEHEHHUS! MAarHUTHOH BSI3KOCTH COJTHEYHOTO BETPa U aHAIUTHYECKHH
METOJ] TIOCIIeIOBaTeNbHBIX NMpuOmmkenui 1lIBema. beumm omperneneHs! XapakTepHBIE BETHYHHEBI (a30BOI
CKOPOCTH MATHHUTOTPAJAUCHTHBIX BOJH, IPH IIOMOIIM KOTOPBIX OBLIO IPOBEJCHO MOJCIHPOBAHHE
HENpepBIBHOrO (KBa3UCTAL[MIOHAPHOI'0) CIEKTpa 4acTOT, KOTOPbIM BKIIIOYACT IHAIla30H PEryJIAPHBIX CpelHe
U KOpOTKAa MEPHUOAHBIX T€OMarHUTHBIX MyJIbCAIUH.
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