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THE TRANSIENT RADIATION OF THE NON-INVARIANT SOURCE IN THE
PLANE-LAYERED MEDIUM
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The process of the transient radiation of the non-invariant relativistic source of the electromagnetic field, in particularly, the magnetic
dipole moment in the plane-layered medium is considered. The general expressions, describing the radiation field and change of the own
field are obtained. The analysis of the obtained formulas for the ultrarelativistic velocity of the magnetic moment is done.

1. INTRODUCTION

The investigation of the transient radiation of the non-
invariant relativistic source of the electromagnetic field of
charge had been carried out firstly half an age ago in the
work of Ginsburg and Frank [1], in which it was shown, that
the so-called transient radiation appears at the charge motion
through the plane boundary of the separation of two isotropic
mediums with the different physical properties, if the charge
have the constant velocity, which is less, than the phase
velocity of radiation in medium. The radiation is mainly
directed along the charge motion at the high charge
velocities.

The transient radiation has been the subject of the
intensive investigations during the last decades. The many
investigations were carried out for the creation of the
practical systems, using the transient radiation for the
identification of the relativistic particles, which are one of the
more important problems in the high energy physics.

The investigation of the transient radiation of the non-
invariant sources of the electromagnetic field, in particular,
the dipole moment was considered in the ref [2-5]. The
question about the transient radiation as invariant so non-
invariant sources on the blurred boundary of the separation
of the mediums was considered in the ref [4-7]. The present
paper, deals to the transient radiation of the magnetic
moment in the weakly nonhomogeneous plane-layered
medium.

2. EQUATIONS FOR THE HERTIZIAN VECTORS
IN THE NONHOMOGENEOUS MEDIUM AND
THEIR FOURIER TRANSFORMATIONS

Let’s consider the non-magnetic (u=1) non-

homogeneous medium, the dielectric constant of which
depends on the coordinations: e=&(x,y,z). In addition, for the

magnetic Hertizian vector ﬁm as in the case of the isotropic
medium we obtain the following nonhomogeneous wave

equation:
0l =-4zM , 1)
and for the following more complex equation

01T, =—47P +&'Ve(VIT,)- [ﬁg,éﬁm /Cét], )

for the electric vector]?e , in the right part of which the two

last members are caused by the medium inhomogeneous
respect of the dielectric constant, the change of which on the
layer thickness of the medium inhomogeneous is the reason
of the creation of the radiation field and change of the eigen

field; M and P are vectors of the magnetic and electric
polarization. They are defined by the following expressions:

M =ms(F-ot) , P=|ampF-ot),

2

- & 0
where 0=V? - = .~

> 5 is D’Alembert’s operator in the
c® ot

case of the nonhomogeneous medium, M is the magnetic

moment and [Brﬁ]zﬁ is the electric dipole moment,

combined with the magnetic moment, moving with the
constant velocity.

In the general case the equations (1) and (2) impossible
to solve. They are solved exactly or approximately only when
the dielectric constant depends on the only one variable. In
the present paper the dependence &=&(z) of the dielectric
constant of the medium, called the plane-layered is
considered. The solutions of the equations (1) and (2) are
obtained by the method of the consequent approximation; in
addition, one takes into consideration, that:

T, (Ft)=MT°(Ft)+5 1, (T t), @)
(T t)=T10(F )+ 5T, (T 1), (4)
H2) = £%+5¢(2) , (5)

where 817,08 I, and 5¢(z) are small values of the first

order, &° is the dielectric constant of the homogeneous
medium. The summand S«(z) in the function (5), caused by
the dielectric inhomogeneous, has to change gradually from -
A2 to the +4&2 on the all inhomogeneous, in addition,
a=¢%Ad2 and &=&%A&2. From (1) and (2) with (3-5) we
obtain the following equations:

0o [T (F t)=-4zM(F t) (6)
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— — | Se O°IT°(T t)
0o ITO(F 1) =—47P(F 1) % 90811 ,(F, D=z ®)
Se OMF,t) . 1 e dSer. 1 O (F,1)
Uo STL,(F,t =— 146 rt s 9
(1) ¢z ot Sg0 az( Y )) 82[3c ot ] ©
o 52 Iand e.t.c. In addition, we obtain the Fourier images of the
where Cy= vV _8_2._ is the D’Alembert’s operator for  equations (7-9):
c- ot
the h ti dium. — Vi
e homogeneous nonmagnetic medium @H?MZ(Z) ——47M wz(z) , (12)

In considered problem the all values it is need to expand
in the Fourier integral on the time and transverse component
of the radius vector because of the homogeneous in the time @ng(z) =47 W(z) (12)
and on the directions, which are perpendicular to the field
source velocity [2]:

€51l (z ——§8H° NG
I° (F,t) = meW(z)exp(iﬁL—ia)t)da)dj (10) oz (2) = oz (2) =
|
~ o’ . c? 08¢ )=, 1 0S¢
Igé‘Hewj(Z):_C_z(é‘ _IE EJHeMX(Z)‘F'e g— E( ewz(z)) , (14)

5 "'the Fourier images of the magnetic and electric polarizations.

where €=02/022+k2, k =9 [¢ — ¢’ o’ s
c

rz? rz

3. THE RETARDED SOLUTIONS OF THE

the longitudinal component of the vector of the radiation EQUATIONS
field and
- m . .
Ma,~(2) exp(ioz/v) (15) We _know about the solutions of the equations (11) and
g (27)%v (12) [3]:
P (z)= J£Lex /
7 p(ioz/v) (16)
(27)%v |
e (2) :—“’”—m‘zz(t«;o —c2 v’ =y’ ) exp(iwz ) (17)
mex (27)%vew? ’
47c?| B T
e, (2) = —Slﬁ—zl(g" — P-4 0 ) exp(iwz ] v) . (18)
(27)’vw
|
the Fourier images of Hertizian vectors /7° oy aNd HSW By way of the concreate expressions for (z) we can

. . ) . choose the following functions:
define the eigen field of the source in the homogeneous

medium with the dielectric constant ¢° (the radiation field in Ae
the homogeneous medium is supposed to be absent). The oe(z)=—th— | (20)
main problem is that solving equations (13) and (14) it is 2
necessary to find the additions to the zero solutions (17) and
(18), corresponding to the eigen field, and the general Ae 7
solutions of the homogeneous equation, defining the oe(z)=—-arctg— , (21)
radiation field. n Az

For the solutions of the equations (13) and (14) firstly it is
need to expand 2s(z) in the Fourier integral:

§g(z)z%jexp[—(x/Az)2]dx . (22)
se(2)=[8¢, exp(inz)dn . (9 4
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the Fourier images of which are defined by the appropriate Substituting the solutions (17) and (18) and the equality
expressions: (19) in the right parts of (13) and (14), we obtain:
oe, = Ae Az (23) - =
"4 sh(zp-A212) EoTi,,,,;(2) = [ G, (m)expli(n + w/v)z]dn . (26)
S¢, = 2;Azig;7 -exp(-|rjaz) | 4 €5, (2) =[G, (mexplily+wlv)]dn . @7)
Ne ) where
oe, = -expl—-(n-4z/2 . 25
=gl az 2] e

(8°—C2/1)2 —ZZCZ/C!)Z)_]'

GM(n)=4ns¢ . 2 _r._1c0 . (28)
oz \1 " (2r7)-v [ﬂm] 1+n— |-&[7m], 772
v E°w
The inhomogeneous magnetic and electric polarizations Taking into consideration the introduced designation, the

appear in the layer-inhomogeneous medium at the magnetic  integrals (29) and (30) are written in the form of:

moment motion. Taking into consideration the expressions

(15) and (16), the right parts of the equations (26) and (27) 57 (z)= —IGmA(f)(fz _652 ) texp(i&z)de | (32)
can be expressed trough the magnetic and electric mex “x °

polarizations correspondingly, in addition, the last three play R -

role of the source functions. That’s why at the solving it is  6/7,,.(z) = —J.Gj);z(.ff)(;‘2 —E)texp(iéz)dE . (33)
need to take into consideration, that Green functions in the

left part of the equalities have to be retarded, i.e. to describe

the retarded fields- For the diverging waves the ratio of the exponent in the

exponential function, being in the integrand expression, must
be positive z>0. That’s why at the forward radiation

ST B é;“l (n7) exp[i (77+ a)/u)z]d 29 (z>0)&>0, and at the back radiation (z<0)&<0. It means that
mw;z(z) - _I (n-n)-(n-n,) n. (29 if z>0, then the forward radiation field is proportional to
1 2
exp(ia)Z\/£°—;(2C2 | w* /c), and if z<0, then the back
- é;{ ) exp[i (77+ a)/u)z] radiation field is proportional to
51’[6@((2):—.[ -1 -(1—-1,) dn . (30) exp(—iwzw/g"—;(zcz | & /c).
! 2 To obtain the retarded solutions of the equations (32) and
h (33), satisfying the principle of the causality, it is necessary
where to make the analytic continuation of the integrand function at
__w_ o 2.2 2 z>0 on the upper complex half-plane, and z<0 on the low
=——x—,/&°— . 1 ;
s v C \/8 relo (31) complex half-plane and instead of the detour of singular

points to shift them from the indeed axis. It can be done, if

In the considered case the Cerenkov radiation is absent as  We consider that £°has the infinitesimal addition. In addition

in the homogeneous so in the inhomogeneous parts of all ~ the pole &=¢& changing on S+imdc passes to the upper

medium, when the condition e%<c%¢? is carried out, the half-plane, and the pole &=-& changing on -&-iwdlc, passes

values 7, and 7, became the indeed in the high frequencies to the low half-plane (here & is the infinitesimal positive

region £%>4°c’/a? and the expression (¢%c?/v*-y*c?/af)<0. number), and the pole &=awlv, not having &< isn’t shift

It follows from the expression  staying on the indeed axis; the corresponding contours for
o z>0 and z<O0 are given in the picture.

mi, = —C—Z(go S /w2)> 0 that both values are

Plane of complex f

equal to each other on the sign, i.e. if 7,<0, then 7,<0.
Introducing the designation &=+l v, then we obtain

Plane of complex ¥

#<o0

§1=a)\/8°—;(2C2/a)2 lc=¢&, >0,

e |
~¥ - iwd/e
|

& =—m\e— yctlw’ lc=-& <0 |
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Fig. Circuit of integration in complex plane

The integrand functions (32) and (33) are analytic in the
all points of the indeed axis, besides the points &, &, &,

V.p. T(i)(f)df = 7iRes[® (¢)],.,.,+ 27 imRes[® (¢)]._yvinre

V.p. [&(£)ds = -ziRes[® (£)]._,.,+ 27ilimRes[® ()], e

where

D(8) =G (§)(&* ~ &) " exp(isz) (36)
In the formulas (34) and (35) the first summands define
the change of the eigen field, accordingly, on the and against
the direction of the source movement correspondingly and
second summands define the forward and back radiationl

— N - Ag-C°
mm,e(a)17(’z)_|z| (27) v’

The Hertizian vectors describing the radiation field, are
found by the calculation of the residues of the last terms in |

(gc’—czlz)2

o _ 2% — 422 2-2{”1
(6‘ c /v —y°c a)) [ﬂ

_chzla)z)*l

. . . = 2 2\1
being the simple poles, and satisfy G(é)(g —§0) —0

and &—co. As the integrand functions have the finish number
of the simple poles on the indeed axis, so integrals are
understood by their main values [8,9]. That’s why at z>0 we
have:

(34)

(35)

|
field. The such solution corresponds with the diversing wave,

distributing in two sides from the boundary of the blurred
band.

In the result of the calculation of the residues of the first
terms in the formulas (34) and (35) in the pole &=awlv, not
depending on the concreate expressions for de;, we obtain the
similar additions to Hertizian vectors, defining the change of
the eigen field:

@37)

#]}exp(ia)z/u)
m

Ithe formulas (34) and (35) in the poles &=¢ (the radiation
forward) and £&=¢&, (the radiation back) correspondingly:

ST

,e

- _ ic
w,7,1)=F——0¢
(@.2:2) 2rvw ©

1,2

m

2
8 [,Brﬁ][l—%i%dg"—;g%z /a)ZJ+ é3[;zm]gfw

In the formulas (37) and (38) and the following ones the
index s corresponds with the eigen field, and the index r
corresponds with the radiation field; the upper sign and index
1 corresponds with the forward radiation, and the low sign

\/80 -yl o’

exp(i iwz4/e°— y°c* | 0 /C)x

. (38
(11245"—;(202/602) (3)
C

"and index 2 corresponds with the back radiation; ez, , are
values of the changing of the dielectric constant in the poles

g=é&and =&
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i.M. Abutalibov, M.B. 9sadova, i.H. Cafarov

MUSTaVi TOoBOQOLI MUHITDS QEYRI-INVARIANT MONBONIN KEGID SUALANMASI

Mustevi tabaqgali geyri-maqgnit muhitda qgeyri-invariant relyativistik elektromaqnit sahe menbanin, xUsusi halda maqgnit dipol
momentinin, sdalanmasina baxilib. Stalanma sahasi ve maxsusi sahanin dayismasini tesvir edan Umumi ifadsaler alinmisdir.
Magnit momentinin ultrarelyativistik surati G¢lin alinan dusturlarin tehlili aparilir.

HN.M. AbyTaasniooB, M.b. AcanoBa, U.T'. [:xadpapoB

MNEPEXO/IHOE U3JIYYEHUE HEMHBAPUAHTHOI'O UICTOYHHUKA B IIJIOCKOCJIOUCTOM CPEJIE |

PaCCManI/IBaeTCH nponecc NnepexOoaHOTr0 H3IIYUCHUSI HEUHBAPUAHTHOI'O PEISATUBUCTCKOIO HMCTOYHHKA DJICKTPOMArHuTHOI'O IIOJIA, B
YaCTHOCTH, MAarHuTHOI'O AUIIOJIBbHOI'O MOMCHTA B IUIOCKOCIIONCTOH HEMArHUTHOM cpene. HonyquH 06HII/Ie BbIpA’KCHUs, OIIUCBIBAIOIINC

NOJIC HU3JIYUYCHUSI U HU3MCHCHUC COOCTBEHHOT'O TIOJISI. HpOBOZ[I/ITCH aHaJIn3 MNOJIYYCHHBIX q)OpMyJ'I JJIs yJILTpapeJIiITPIBI/ICTCKOﬁ CKOPOCTHU
MarHuTHOrO MOMCHTaA.
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