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Transition radiation of the moving point charge from the border of cold isotropic plasma and vacuum is
calculated directly from Maxwell equations and motion equation for plasma electrons. The calculation is carried out
in the linear approximation but the proposed method can be used to study non-linear effects. Radiation pattern for
the whole range of the possible frequencies and charge velocities was obtained. The data obtained coincide with the

results of the traditional method of calculation.
PACS: 52.25.0s; 52.35.Hr

INTRODUCTION

Traditional method of calculation of the transition
radioemission from the border of two media uses
electromagnetic fields of the moving charge in these
media presented in the terms of permittivity and
permeability. These expressions are substituted to the
boundary conditions together with the eigenmodes of
the unknown magnitudes. Then these magnitudes are
obtained from the boundary conditions [1]. In this
interpretation the source of radioemission is the
reconstruction of electromagnetic field of the moving
charge at the border of two media (this field depends on
the media properties, i.e. permittivity and permiability).

The alternative point of view is that the
radioemission source is the accelerated motion of the
media electrons caused by the electric field of the
moving charge [2, 3]. For subluminal velocity of the
moving charge in the homogeneous media such
emission is averaged into zero. For superluminal
velocity in the homogeneous media one can obtain the
Cherenkov radioemission [2-5]. For subluminal velocity
in the inhomogeneous media one can obtain the
transition radiation [4, 5].

The aim of this work is to calculate the transition
radioemission of the moving charge from the border of
vacuum and cold isotropic plasma. Concepts of media
pervittivity and permiability are not used in this
calculation. We solve the set of Maxwell equations and
motion equation for plasma electrons in order to present
vector potential in the background plasma.

In this work the basic set of equations is linearized.
But in principle this method gives a possibility to study
the non-linear effects in the transition radioemission.

Cold plasma is treated, only the motion of electrons
is taken into account. In the first approximation the
charged particle's velocity is treated as the given value
(i.e., it is steady and straight). Taking into account the
charged particle's deceleration (caused by its
radioemission) moves to the additional radiation effect,
i.e. bremsstrahlung.
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1. BASIC EQUATIONS

Electromagnetic field caused by the moving charge
and plasma oscillations can be described by the wave

equation for vector potential A:

10°A - 4r,. -
C—Z?—AAzT(VOpext-‘er), (1)
where v =v(r,t) is the velocity of plasma electrons,
p <0 is the plasma charge density, p,, and v, are the

charge density and velocity of the external charged
particle, respectively. The scalar potential can be
obtained from the calibration condition:

v.A+192 ¢ (2)
c ot

The external charged particle is treated as a point
moving along the symmetry axis in cylinder coordinates
with the given velocity v, =€,v, and density

Pox = - 5()5(2- Vi) 3)
nr

Equation describing the plasma electrons' velocity v
caused by the electromagnetic field of the moving
charged particle can be written in the usual form:

%+(v-v)\7:%(v(p+%zt—Aj, (4)
or, taking (2) into account,
1o[ov . \.] e o 1 0°A
Ea[aﬂv-v)v}:E{—V(V-A)Jrc—zy}. (5)
Equations (1), (5) are linearized after the small
variables A, V, p (p=p,+p. p, isthe equilibrium
charge density). Then finding v from (5) one can obtain
the general inhomogeneous wave equation for A.
The vector potential A can be described as a
superposition of the external charge vector potential A®
and contribution of plasma electrons AP :

A=A+ A, (6)
From the linearized set (1), (5)-(6) one can obtain:
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where o’ =4zp,e/m is the Langmuir electron

frequency. It is clear from (7), (8) that A° is determined
by the moving charge only, and A’ is determined both
by A°® and by properties of the external media (i.e. by
o’ for our model). In fact A° is the well known

Lienard - Wiechert potential for the case of a point
charge moving with a constant velocity.

2. BACKGROUND PLASMA ELECTRONS'
MOTION

In order to solve equations (7), (8), substitution
&=1z-v,t was carried out. Furthermore the Fourier

transformation of A° and AP after & and Fourier-
Bessel transformation after r can be represented as

Aep k k :_I d.fj. rdrAe" o,1(krr)x
exp(—ik.£), ©
A;rp(rig):J.::dkfj.:krdkrA::rp(kr’ 5)J01(k r)
exp(ik.£). (10)
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Fig. 1. Spatial distributions of the normalized axial (a, ¢) and radial (b, d) components of the vector potential in
the background plasma caused by a point charge with a constant velocity (a, b — =0.11; ¢, d — f=0.18)

As a result, the set of algebraic equations for A’fr
was obtained from (7)-(8). Solution of this set gives:

i5%k.q
R (k. k, R 1
( & ) |: §+(1_ﬂ2)kf]3/
X iq ek k,
R = .(12)
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where  k* =kZ +k?, Inversed

transformation of the spectral components Ar"lé gives

spatial distributions of the vector potential components
presented on Fig.1. Components of the plasma velocity
have the similar spatial distributions in the frame
connected with a moving charge. So it is clear that
plasma electrons oscillate due to the external force
caused by the moving charge. These oscillations (i.e.
motion with the acceleration) of electrons can in
principle be the source of Cherenkov radioemission (for
homogeneous media; in our model it is absent) and the
source of transition radioemission (for inhomogeneous
media). To find out the transition radiation for the

o=k, B=V,/c.
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simplest case of the vacuum-homogeneous plasma
border one must add the solution for the eigen waves of
unknown amplitudes running away from the boundary
and use the boundary conditions.

3. BOUNDARY CONDITIONS

Expressions (11), (12) were substituted to the
boundary conditions together with the eigenmodes of
the unknown magnitudes:

E: z2=0 - rp 2=0" 4 : z=0 =& Ezp 2=0' (14)
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The vector potential can be written in a form
= J:C k,dk, l:ﬁ{’;'v exp(Fik,z)+ A’f exp(—i @ zﬂx
. , v,

exp(iwt) o (k.r). a7

As a result, the set of algebraic equations for A™"
was obtained and solved. Inversed integration in (9),
(10) can be performed using stationary phase
approximation.

aZAZp,V
rAPY +—=—|dt. (16
A+ ] (16)

Fig. 2. Transition radiation pattern into the plasma and vacuum for the point charge moving into plasma: a —

non-relativistic case f = 0.2; b: a =14, $=0.6 (1), a =

9, 8=0.6(2); 0=20,5=09(3);

a=0.5 =024

4. RADIATION PATTERN

In order to analyze the eigenmodes' magnitudes
A" Pointing vector was calculated:

, BB

st=—"_"21 (cot’? ®-1)cos? O, 18
R 87cA’R? ( ) (18)
qzﬂz (az _1)|P2|2 2 2
SP=—~"—_ 1 ° (cot°®+1)cos’ @, 19
R 87CA’R? ( ) (19)
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Here  j=1-p%, A=Vv,/o and
k., = afsin® . Radiation patterns calculated after (18)-
(22) are presented on Fig. 2. For @ <@, plasma is non-

transparent ~ for  electromagnetic  waves, and
radioemission takes place only to vacuum (see curves
for «=03 and « =04, Fig.2,a and curve 4,
Fig. 2, b). For relativistic case the angle between the
direction of maximal radioemission and charged
particle's velocity tends to zero (Fig. 2, b).

The data obtained coincides with the results of the
traditional method of calculation [1].

The results of this calculation are valid in the
frequency range o, <<w<<V,/L, where o, is the

ion Langmuir frequency and L is the characteristic
length of the vacuum-plasma border.

5. TRANSITION RADIATION FORMATION
ZONE

The proposed interpretation of the transition
radioemission mechanism as a result of the accelerated
motion of the media electrons makes possible the
natural interpretation of the transition radiation
formation zone (TRFZ compare with [1]). For
homogeneous media radiation of the media electrons
along the trajectory of the charged particle with
subluminal velocity is averaged to zero. For the sharp
boundary of two media there are some areas near the

a=a)/a)p,

boundary that give their contribution into the
radioemission. These areas just form the TRFZ.

CONCLUSIONS

1. Our calculation demonstrates that accelerated
electrons are the source of transition radiation for the
simplest model of the vacuum - homogeneous plasma
border.

2. Proposed method in principle gives the possibility to
study non-linear effects in the transition radioemissioin
(e.g., generation of the high order harmonics).
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HEPEXO/IHOE U3JTYYEHME 3APSJIA HA PE3KOM I'PAHUIIE IIJIABMA-BAKYYM
KAK PE3YJIbTAT YCKOPEHHOI'O IBUKEHHWA 3JIEKTPOHOB IIJIA3MbI

B.A. I'agpuu, H.A. Anucumos

HCXOZ[?I us3 ypaBHeHI/Iﬁ MakcBemia u YpaBHCHUA ABHUIKCHHA DJICKTPOHOB IJIA3MbI, PACCYHUTAHO IIEPEXOJHOC
H3JIYy4YCHHUEC TOUCHHOIO 3apsijia Ha pe31<0171 TpaHUIIC BaKyyMa C XO.]'IOI[HOI71 HSOTpOHHOﬁ r1a3Moi. Pacuérer IIPOBCACHBI
B JIMHCHHOM HpI/I6J'II/I)KGHI/II/I, OJHAKO I[aHHLIﬁ MCTOJ NO3BOJIACT YYHUTBIBATH HEJMHEHHBIC 3(1)(1)61@51, KOTOPbIMU
COIIPOBOXKAACTCA H3JIy4YCHUC. HOCTpOGHBI ArarpaMMbl HAlpaBJICHHOCTU MJISI pa3JIMYHBIX YaCTOT U CKOpOCTGI\/’I.
HOJ’Iy‘IeHHHG PE3YIbTATHI COIIACYIOTCA € MOJYYCHHBIMH B paMKaX KJIACCUYCCKOI'0 MoJAxXoaa.

HEPEXITHE BUITPOMIHIOBAHHS 3APSITY HA PI3KIM MEXI IIIASMA-BAKYYM
AK PE3YJIBTAT IPUCKOPEHOI'O PYXY EJIEKTPOHIB IIJIAZMH

B.A. I'aguu, 1.0. Anicimos

Buxonsum 3 piBHAHB MakcBemia Ta pPIBHAHHA pPyXy €JNEKTPOHIB IUIa3MH, pPO3paxoBaHO MepexijHe
BUIIPOMIHIOBAHHS TOYKOBOTO 3apsily Ha pi3Kiii MeXi BaKyyMy 3 XOJIOJJHOIO i30TPOITHOIO Iu1a3Moro. Po3rispaerscs
NiHiiHE HAOMKEHHS, OJHAK JaHWUM METOJN JI03BOJISIE€ BPaxOBYBAaTH HEIiHIHHI ePEeKTH, SKUMH CYHpPOBOJKYETHCS
BunpomiHioBaHHsA. [loOynoBaHO miarpamMu CHOPSIMOBAHOCTI U PI3HMX 4YacTOT Ta ImBHAKOcTeil. Onepxani
Pe3yIbTaTH Y3rOKYIOTBCS 3 PO3PAXOBAHUMH B PAMKaX KIACHYHOTO MiAXOMY.
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