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Propagation of electromagnetic signals through a non-conducting medium with very low density of neutral
gas is considered with taking into account both electric and magnetic dipole currents. A new approach based on
microscopic description of the medium and analytical solution of Maxwell equations in time domain has been
used to solve the problem. The time delay between the signal precursor and its main lobe evaluated may be used
for evaluation of either distance to a pulsar for the known medium parameters or those parameters for a given

distance to the pulsar.

In the paper, we present some results of our investi-
gations on propagation of EM signals through inter-
stellar medium. The medium is considered within the
frame of microscopic model using description of hy-
drogen atom as a combination of electric and mag-
netic dipoles. Those dipoles produce electric and
magnetic dipole currents under the electromagnetic
field action that is to be calculated in a self-consistent
way. We describe the model under consideration and
obtaining of the partial differential equation for one
of the EM field components, as well as formulation
of initial-boundary value problem for that equation
and the method for its solution in time domain.
Propagation of EM waves is governed by Max-
well equations. However, those equations should be
modified according to the media properties where
EM waves propagate. In the case under considera-
tion, EM signals have to propagate through the me-
dium consisting of atomic hydrogen gas with a very
low density. Since the atoms are neutral and signals
are supposed to be rather weak they cannot carry an
electric monopole current, but only dipole currents.
Electric field strength will pull the positive proton
and the negative electron slightly apart and produce
an electric dipole. A dipole current flows while this
pulling apart is in progress and also when the electric
field strength drops to zero and the hydrogen atom
returns to its original, non-polarized state. Similarly,
the hydrogen atom has a magnetic momentum like a
little bar magnet. A magnetic field strength will ro-
tate the atoms to make them line up with the field
strength. A magnetic dipole current flows while this
rotation is in progress and also when the magnetic
field strength drops to zero and the magnetic dipoles
return to their original random orientation. So, we

have to take into account the reaction of the medium
onto the action of the EM field of the propagating
signal. Conventional approaches to solution of that
problem suppose that both intrinsic characteristic
time of the media and its relaxation time are much
smaller the characteristic time of the EM field varia-
tion. Besides, they also suppose performing of space
averaging of the EM fields introducing into consid-
eration both electric and magnetic flux densities.
Since in our case we have both very low density of
the neutral atomic hydrogen and very fast variation
of the EM signal fields those methods are not appli-
cable anymore. In order to solve the problem we
modify Maxwell equations for “empty space” using
both electric and magnetic dipole current densities
rather then electric and magnetic flux densities [1].
This implies description of the medium in the frame
of microscopic approach using representation of a
hydrogen atom as a combination of electric and mag-
netic dipoles. Those dipoles produce electric and
magnetic dipole currents under the EM field action
that is to be calculated in a self-consistent way. Self-
consistent system containing both Maxwell equations
and equations for the dipole current densities evolu-
tion under the EM field action can be written in the
following form [1]:
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where £ and H; g. and g,,; 0 and s, ; e and m;

m,,o and ¢, are electric and magnetic fields; dipole
electric and magnetic current densities; electric and
magnetic dipole current conductances; permittivity
and permeability of the vacuum; charge and mass of
electron; magnetic dipole moment and fictitious
magnet charge, respectively; 7,,,and 7 are the re-

laxation time and period of eigen-frequency of the
dipoles-oscillator used as the model for atomic hy-
drogen.

Let consider a planar, transverse electromag-
netic (TEM) wave propagating through such medium
along the directiony . A TEM planar wave requires

EU:HL/:07EJ:EZZE7H1:_HZ:H

With this simplification, the above system of partial
integro-differential equations is reduced to the sixth
order linear PDE for either electric £ or magnetic
H field component [1]. In order to investigate
propagation of EM signal through the above medium
one have to solve initial-boundary-value problem for
that equation with the following initial (¢ = 0)
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and boundary (y = 0) conditions:
E(oo,t) = finite; E(0,t) = EyS(t)(1 —e /™),

0, fort>0
1, fort<0’

The above problem is solved [1] by the variables
separation method. The solution has the following
form:
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where k is the separation constant; (k) are six
roots of characteristic equation for PDE derived from
Eq. (1),(2); A; (k) are six constants to be determined
by six initial conditions (3). The expressions for
L(7,7"), v(k) and A, (k) have an explicit, but

rather complicated form and can be found in the
monograph [1]. Here we only note that because of
the higher symmetry of the modified Maxwell equa-
tions (1) we were able to find analytical solutions for
the sixth order characteristic equation. This enabled
us of both performing of the Eq. (4) integrand analy-
sis as function of k£ and developing efficient algo-

rithms for numerical evaluation of the electric and
magnetic fields of propagating signals.

Solutions of that equation for various combina-
tions of the interstellar medium parameters and initial
signal-like E-field distributions are presented in the
monograph [1]. Behavior of both signal main lobe
and its precursor for various EM signals, such as ex-
ponential step function, sinusoidal and rectangular
pulses when they are propagating over Billions light
years distance are studied in [1].

In particular, time delay between the signal pre-
cursor and its main lobe is calculated as function of
medium parameters. This may be used for evaluation
of either distance to a pulsar for the known medium
parameters or those parameters for a given distance
to the pulsar.
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PACITPOCTPAHEHHME KOPOTKHUX
UMITYJIBCOB YEPE3 HEITPOBOJAIIME
CPEJbI C QJIEKTPUYHECKHUM U
MATHUTHBIM JUIIOJBbHBIMHA
TOKAMUA

X Xapmym, K. Jhyxun

PacmpoctpaneHne 3NEKTPOMarHUTHBIX CHUTHAJIOB Ye-
pe3 HEMpoBOMSILYI0 Cpeny HEHTPalIbHOrO ra3a C O4YeHb
HHU3KOH IUIOTHOCTBIO PAacCMOTPEHO C YYETOM JJIEKTpHYe-
CKMX M MarHUTHBIX JMIOJBHBIX TOKOB. J[yis pemienus 1o
3a/1a4d UCIIOJIb30BaH MOJX0J, OCHOBAHHBIA HAa MHUKPOCKO-
MUYECKOM OINKCAHUU CPEAbl U AHAJMTHYCCKOM PEIICHUU
ypaBHeHHIT MakcBeiia Bo BpeMeHHOU oOmactu. Paccum-
TaHHAs 33JICPXKKa MEXKIY MPEIIICCTBCHHUKOM M TJIaBHBIM
JICTIECTKOM CHTHajla MOXKET HCIIOJIb30BaThCS UIS OIICHKH
100 PACCTOSIHUS JI0 IMyJibCapa MPU HM3BECTHBIX MapaMeT-
pax cpenpl, TH00 MapaMeTpoB CPeIbl ISk U3BECTHOTO pac-
CTOSTHHSA JIO ITyJIbcapa.

PO3HNOBCIO’KEHHS KOPOTKHUX
IMIIYJIBCIB Y CEPEJJOBHMIIIAX 3
EJJEKTPUYHUMMU I MATHITHUMHUN
JUIIOJIBbHUMHU CTPYMAMM

X. Xapmym, K. Jlykin

PO3HOBCIODKEHHS CJIEKTPOMArHITHUX CHTHAJIB 4Yepe3
HETIPOBI/IHE CepEeIOBHILE HEHTPaIbHOTO ra3y 3 Ay)Ke HH3b-
KOO0 T'YCTHHOIO PO3IJISHYTE 3 ypaxXyBaHHSM €JICKTPUYHHX
Ta MarHiTHAX AWNONBHUX cTpyMiB. [l po3B’si3aHHA wmi€l
3aJadi BUKOPUCTAHO MiAXiA, Mo O0a3yeTbCs Ha MIKpO-
CKOMIYHOMY ONHCY CEpEelOBHIIA Ta AHATITHYHOMY
PO3B’sI3Ky piBHSHb MakcBeluta B 4acoBiii obmacti. Pospa-
XOBaHa 3aTPUMKA MiX IOIIEPEHUKOM Ta TOJIOBHOIO HEJI0-
CTKOIO CHTHAJIy MO>KE€ BUKOPHCTOBYBATUCH JUISl OLIHKH ab0
BiICTaHi [0 myJjbcapa NP BiIOMHX MapameTpax cepeno-
BuIla, a0 MapaMeTpiB CepeloBHILA /I BiIOMOI BiAcTaHi
JI0 ITyJibcapa.
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