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A brief review is presented on the current theoretical
.and experimental situation of tranel tion radiaticn pheno-
mena.Simple derivations are given for the cases of transei-
tion radimtion generated from a single interface, & plate
and a steck of plates.Pormilee are analysed ~ speciflcal-

1y in the raglon of X-ray quanta emission *).

——
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INTRODUCTION

_ In 1946 Ginzburg and Frank // predicted that a uniformiy
moving cherged particle can emit radistion when passing from
one medium to another. This theory established the existence of

a new type of radiation, referred as tramsition, which can be

generated at any _given veloclty of a moving charged particle,

Another significent property of this radiation lies in the fact
that if one of the media is vacuum, the transition radistion
cérrie an "impreasion" of the particle fleld in vacuum, and in
particula.r_, & dependence of this field on the particle energy is
obtained. In this case it is of great significance that the
above dependence of the tramsition radiation on the particles
energy, unlike the one in Cerenkov radiation, does not saturate
at largs particls energies. 48 it was noted in Frank's Nobel
lecture’ 2/, for high energy particles this property is very
attractive and in recent years it has glven rige to a large num-
ber of theoretical and experimental studies in transition ra-
diation. )

The survey that follows ie an attempt to review briefly,
while covering all the literature published on the subject, the
present state of theoretical and experimental investigations of
transition radiation. Section 1 desls with experimental investi-
gations of this radiatiom. In section Il it is rigerously shown
the manner in which the simplest problem of the theory of tran--
sition radiation is solved and the principal properties of this

‘radiation are derived, -




In Sectionll by means of a non-rigorous but simple method & so-

lution is derived both for single interface between media and

Iw & plate, in the case of ultra-relativistic particles and X-
'lton sediation. In Section IV the same method is used
\Wl.on for a stack of plates and the principal pro-
jution are indicated. In Section V all those

Ads literature. Due to the abun-

- W restrict ourselves main-

analysing or criticiz~

N . L io seferred to the origi-
T . R T .

EXPERIMENTAL INVESTIGATIONS. .

No matter hogr surprising it may seem, the transition ra-
diation appears,'{; have heen experimentally observed as early
as 1913 by Lilienfg_;d"j/, when a metal surface was bombarded by
electrons with the Menergy of a few KeV, However, the mechanism
of radiation production remained unreveasled at that time and
those studies would have been entirely forgotten, Lf no atten-
tion had been g‘iven tu them in referonce /47, .

After publication of a theoretioal work a vransifbon rg-~
Jiation wem exporimentally observed wimulé Illl-lm by
Chudakoy in the Uoviel Unleh (of, relderense /'VJ

Kiliot and Oeddamibh 1H UPpAb Brlunin { aeg “ Y . and /5/1

Eav SNergy.

On the other hsnd, in the early sixties .two experimental
stvdies /8,%/ appeared dealing with electromsgnetic radiation,
gensrated by electrons treansmitted through thin ailver films,
These stulies were initiated by the thecretical work of Ferrell/ 10/
l.oeord.i.ng to 'hioh electrona are axpected to produce in metal
foile certain longitudinel waves (plasmons) later to be trans-
formed in vaouum into transverse electromagnetic waves. However
51l1o ana Petisov /1'+1%/showed that anly trensition redistion
was observed in the experimsntal conditions given by referen-
cen /Y ant /% (s0e also ret./*). In the work that followed
by Bipchie.snd Kldridge /' the Perrell theory was found to be
a8 a certaln particular case of transition radiation thonry (see
also rer./ 115,150/

Later om, a great nuaber of expsriments were performed
/%16-2% ypere, optical tremsition rediation generated by elec—
trons baving energies of up to about 100 EoV was obberved. It

fTollows froum these investigatioms tn.nt theory and expesriment

are in good agreement except for the case of an ancmely occuring
for an incident charged particle at a sballow angle on silver
surtaces/3°74/, Tnese questioms were elucidated fairly well inm
the review by ank/”/ , they were also pointed out in the work
of the- 8506 o.uthor/ 36/ dealing with incident non-normal charged
particlea. To 4o awsy with the question of eleotrom incidence

a% a sballow angle, it should be noted that & large value of the
radiation intensity, obtained in the case’2% 3%, has been attri-
buted/ 30,31/ to excitation af surface plasma waves which radiate
into vacuum only on condition that the silver surfece is not an

ideal plm / 57'59/. The application of new boundary conditions/ 40’:
S



-taking into account plesma waves in metals, cannot explain the
phenomena observed in incidence at a shallow angle. On the other
hand, in some studies /33’34/, where among others, the results
of a theoretical nwestigation/ a1/ are used, 1{; 18 stated that
all the radiation observed in incidence at a shallow angle can
be interpreted in terms of conventional tramsition and bremsstrah

1u:ng. radiation, Thus, this question stlll remains unresolved

(aee also ref./*% gna references stated therein).

Now let us turn to experiments on transitlion radiation with
vitre~relativistic particles. Radiation in the optical portien .
i WS Lavestigated by Yusn with co-workers’ ‘2+43/,
I ta rediation intensity with the
D03 atdv et /4%y, 44 the Yere-
ol o mﬁﬁuummum in
i "vay suggested, allowing for a

_ * *‘ H'll.lﬂﬂ intensity on particle energies.
*ﬂ M'm later verified arpor:l.mentally/ 45,47/ (see also
rof.’w). while also /4¥ ihe possibllity was discussed to

make a detector of high energy particles using the optical region
trensition radlation (see also ref.lso/).

The poasibility of experimentally detectlng I-ray transi -
tion radiation and its utilisation in high energy physics was
sugkeated by Alikhanian in 1960, where a proposed experimental
set up was also given’sqf. Later, X-ray transition radiation
produced by ultra-relativistic particles was obaerVed/5g’53/, -
according to the earller suggested mbthod/5ﬂ/. X-ray transition
radiation was detected by means ofia germaniumAdetector/54/,

‘tnd also by means of CsIl cryatals/55/; Alikhanlan, Lorikian et

al, observed X-ray transition radiation uslng a streamer cham-

6

-ber/ 56/ s where the dependence of the number of quanta an the

particle's energy proved to be linear,

" II. THEORETICAL CONSIDERATION.
We 'now turn to the solution of the transition radiation

_problen (see Fig.1). The charge flelds in each of the media are

known, these are the solutlons of the Maxwell equatioms for a

‘point charge moving at & constant velocity v. For example, the

three-dimensional Fourler integral expansion of the charge elec~
tric field in the first and second media (indices 1 and 2) is
of the form:

- — o o - 'l.(&-‘.?..uf') -
E,, (t,fj—fEu(«)e AR,
— . YY) o = (1)
=-)__ € .{ Tzr UV — &
Eiz,ﬂ&)“'_;i']?_' c a

O T
vhere ws¥Fa v, AZ - o ak, ""9“‘"‘3:, X,a=&a:ManC
is the velocity of light, é;" fe) and/u,’ 1(w) are the dielectric
and magnetic permeabllity of the first and the second media
while the.pérticle is essumed to be poving elong the 2 axis,.

‘ It 1a readily seen that the electric fields ir eq.(1) and
thelr respective magnetic fieids do not satisfy at the ﬁzterrace
the continuity conditions of the oorresponding components of
flelds and inductions. For these conditions to be satisfled the
solutions of the hamogemeous Maxwell equations with the arbltra-
Iy Pourler coefficlents should be mdded to the charge flelds in
each of the media and then they should be determined from tﬁe

continuity oonditlons at the media interface. These will be the

'tre.nait:l.on radiation flelds. Thus, everything depends o:ri the

proper. choice of solutions for the honogenscus Maxwell equations.

_For example, in the case of the second medium we take /57/ 7
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whorep and X are thtnupqnontl of nctm‘r.md? in the x,

¥y plane. It is svidant thlt the integrel in ea. (2) will readi-
ly be & solut:lnn for the hmosamm Maxwell egquations :ln the
_secomfl” medium, with any arbitrery E (0 , 1 Aa 4 .:.;?g:" .
On the other hand, 1t 1s seen fram compariscn with 0q.(1), that
the cho:l.oe ‘of redlatiom fields in the form of ‘eq. {2) allows in
the resulting relationship, which stems from the continuity ocomn-
ditions, o0 discayrd all the integrals, Such that these cqnd%;- :
tions are reduced té & systam of algebraic oqu.nt:l.m_- _for she
Pourier cosfficients of the transition radisticn £ields in both
media. We will neither write out this system mor solve it here
because ail thia is simple enocugh and already ‘dou/ 57/ { see
also ref./7%/), Below the final result will only be ‘given.

In the case where ths particle moves frok ‘uounl into the
mediwn with £=£° and /ﬂ._:‘l, we obtain for_the Poyating vector
flux of the transition radiation emitted in the backward direc-
tion into the vaouum snd in a solid angle dol=Swdafdy

throughout the particle's sntire flight time the eepresalon
(<. )

dS 4/539‘43 Gs9 E"‘)ﬂ'/‘*"ﬁ_m)

dn Tc(i .&'1_7) ﬁ&9+mﬂ+fi‘£.—&i‘3) -

Here $ is the angle betwesn the radius~vector toward the point
of observation end the nogative s direction (see Fig.1) and f=¥,
. his forwula was first derived by Ginzburg end Frank’ ¥, using
a differens method of calculation, (ses also ret,/59-6V/ ).. In
_Whe eEWPeme reletivistio case it is sesn from formula (3) -thet

— |
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the radiation hag & sharp maximum in the direction ~¥1-3* and
the Poynting vector flux becames:

/( )( 15*'1/“ (4)

From the two latter formulae one can also see that the spectral

distribution of tntensity of transition radimtion in the back-
ward direction covers the frequency range where E(u) is
markedly different from unity, that is tbe optical frequency
region.

Let us now consider the transition radiation produced by an
extremely-relativistic particle along the direction of its motion,
It is evident that the gppropriate formula can be derived from
eq.(3), if we replace /3—--/5 « In doing 80, only the second pa-
ranthesis in the denominator of the expression under the integral
sign will undergo e significant change, namely, it will turn to
(i-—/BVE—S:;ﬁ&) . It meaus that this term as U —» 0  may
become small, if £ 4 ; that is, the range of frequencles emit-
ted in the extremely—-relativiatic cafse will extend toward the
X-rays at the expense of frequencies .J.u-gely exceeding the opti-
cal region/62’63/. Because, in the X-ray frequency range t=f—

X
ﬁ%ﬁ-”-‘- s is the sauare of plasms freauency, n is the

where & =
number of electrons per unit volume &nd m is the electron mass
(the case where ¢&-—+4 in the optical range is treated else~
/eq/ 3.

where

We write formula (3) with A—» —/3 for the case of the
Fl

extremely-relativistic particles and X-ray transition rediation,

Z
£ : &)
( Y _.1,8'1‘ 'Gljadu , |

in the form of




'"Phis will be used 1- Beotion III. Mnally, we turn to the approxi-
mation of =mall angles since the aaximum im the angular distri--
bution falle at the sngles of a;. Nond Vi-/lz « After integration of
this expression over the angles, we obtain the ation’ 5%/

dS _ 2¢%[/ /1, wii-pY) s '

dw = ire (IH* & )4 14(17)‘0‘)-1 (8

It follows fram the latter formula that there exdists a boundary

frequency

o, = B -
R £. “\’i_ﬁ‘ : (7
euch: that '
%‘?—-: i:&% -"—ui. when L << Wy
» : &)
and, du .‘ﬂ,‘ /GJ) for W D> Wy

'How, if we integrate relation (6) over the entire frequencies

speotrum up to oo , We obtaln the full radiated ensrgy &/:
f e*VF

=5 = 9

3 cviat

i.s., the intensity, emitted into the X-ray transitlom rsdiationm,

depends only linearly oan the particle energy (ses alao ret.” ?’6/).

IIT, X-BAY TRANSITTON RADIATION FROM
‘ A SINGLE PLATRE, ng

In this Section we derive formula (5) by another msthod
/65-67,68/ which apart from its simpliclty, 18 very convenlemt
because it is readily generslized for the cases of a single
plate or a stack of pl'ates-) « To do so, we shall consider the
fleld generated by a aystem of moving charges cbserved at dis-

.

: ) 21/
‘)A more rigorcus derivatioam of this lntbd isifound in ref,
™ - )

e

Ihei'o,

-’tlncea greater than the system's dimensions. Although in our

case of interest a charge moves fram-osto +oe0, we can still use
the fleld of such a system sinoe it 18 clear thet the radiation
will take place at the end portion of the trajectory in the vi-
ein:L'l.;; of. the interface between the msdia. Accordinsly/ 69/ , ths
energy radisted into the solid angle element 40 and in the
frequency renge f«w is given by:

a/flﬁ, =2%/m/zf?.zd-ﬂ-% (10)

ieRe [ ifit-R5H

7 we ifu T ) -

A, —e-'T— e [ndt] 1)
(-]

and R ie tha distance between the point where the radistion

took place(hers, it is the interceptiom of the charge trajectory

_with the boundary) and the point of cbservation. T, (%) is the

oharge radius-vector, 2 is the unit veotor elong B, and K=wn
is the wave vector of the rediation field, Formulas (10) and
(11) are written for the case of vacuum. These should be genera-
lized not merely for the case of a éinsle medium but morecver

for the case of two differsnt media.' To do this, one ha.é to re~

_call that if these media have & flat interface (z=comst.), then

the wave vector of the radiation field T shoula already have the

‘values of ¥ A, and % ), as its camponents, in the first

3

and the second medis, respectively (see formula (2), where
2 _ 2

a.l.,; =@

When generalizing formula (11),the second consideration

ey,

lies in the fact that the electramagnetic field of radiation,
generated 1n one of the media, on ite passage into the other
one, u:_mdergoea reflections and refrsctions which should be taken

into secount by means of appropriate coefficlents. Howevei-, :LnH




Ithe problem under study apart from free fields there is also a
particle field, From this it follows that, if the familiar coef-
ficients of reflection and refraction are used for free fields
then the generalization of formulas (10) and (11) will provide
correct results for the transition radiation only in the case of
ultra-relativistic particles, because it is only here that the
charge field is clode to the field of free radiation.

Thus, let us consider a particle moving from the medium
Libo the vacuum and calculate the field of radiation emitted
fopward with respect to the particle's direction motion. According
to the generalized formula (11), the integral corresponding to

the charge's motion in matter becomes:
6

[» ]
NS PRYZEV- IRy 1R
rém? [ € As and in vacuum it is a9 /€ a2

In theSe integrals we put oe=4% Lnd |, where O ie the angle
between the wave vector in vacuum and the Z axis, 3’ determines
the angle of radiation in matter, It is evident from the latter
integrals that the main contribution comes when the argument of
the exponents are equal or less than unity and from this it
follows that the regions of the charge trajectory in mediuni,
Zmed’ and in vacuum, zvac’ which are essential for the production

of t:-a.nsition-radiation, are given by:
c

<
f :-——:.......__.._...::..‘_. i = .- haal (12)
med fGfEeged 2 T vAC g3 (aeV)

These are referred to as the zones of formation of transition

radiation or the leogths of cohe;‘ence/4’57/.

I we take into account refractions and reflections of

wuves and make use of the appropriate laws, We ¢an derive formu—

laz which are the ultra-relativistic lin'i:i.'t'__‘ft-'ioth fer f@mula (3)

with ﬁ—#-ﬁ for the forward direction, and for the cese of formu-
1 (3) iteelf, to ealculate the backward radiation.

However, we do net perform this calculation here and res-
trict ourselves to the case of X-ray tramsition radiation where
reflected waves may bo neglected, i.s. the passage coefficients
are assumed to be equal to unity and 929’ . Then from formulas
(10) and (11‘) one immediately obtains formula (5) with all the
consequences following from it. Thnrofoi'e, let us consider the
case of the ultra-relativistic particle flight through & plate
of thickness €, placed in vacuum. If we make use of the coeffi-
cients waich describe the passage’/*/of rediation, these in the
presenf case have absolute velues equal to unity and provide
only a phase shift. Thus the integral in formula (11) will be of

the form of: ‘ L -0
| o - ¢
| ta-peWelt i) i-pEBET)t ﬂ J {A-AwR)e
vQ’n e ~ e‘ )# e A+ € ot
-] B- -
- 2wt 2 rtein simple trmfomtions
where A, =Zz-=" , After oce P

‘we obtain n/

G’-ﬂ- wic/(../e 5 1/84 ’9)%{45,”42&1({- /’*Efﬁ 13)

It i8 readily sean that, 1f the thickmess of plates is much

greater than the formation zome of transition radiation in the
medium, then the function in brackets under the integral has the
value of 2 (on averaging over & short range of frequencies), i.e.
the plate radiation is equal to double the radiation on one
boundary. If this conditiom i8 mot satisfied, oscillations teke
. place in the spectral diat*ibutiorn of tremsition radiation. Its
"maxima.fall on the frequencles /72/ of s

I3




L4

ey - wﬂ.
a?f"- 8"‘_' ’ (14)

where w :;‘5— with 8 as integers. This relation holds for the
—_— . . R
reglon of Oy < .,_.,“ y Where &), = "_f_""_/‘_'j o Formula (13) describes
only the X-ray portion of the apsctrum of the ultra-relativistic
particle transition radiation. In the general ¢ase the foraula was

wans derived by Pafamov 173/ (see also references /70,74=77/ ).

. 1Y, X-RAY TRANSITION RADIATION PROM
A STACE OF PLATES.

We now turn to the case of a stack of plates aud X-ray tran-
gition radistion. To this end, first we shall conalder a stack
of two plates (see Pig.2). Using derived passage coefficienta’’0/
the 1ntesml contained in the generalissd formula (11) is written

ae follm ’ a

a
. h- (1-pF T Tkt aifai)a
Glﬂ/"ﬁa)Utem/) ‘I..M'aL 1r/élf A "~ { At s

vV

@+ e

2 o0

h . U"
e . ,/;:r..,—‘ 1 ‘ . 7T N S
_ ’j‘-"ad Lo by / - g “{2‘ Y ,/ j

ﬂ. 2:0‘

where é is- the dista.nce between the plates. After appropriate

transformations we obtain formula (13) but now containing under
the lntegral the additional factor of:

Sont g% (2 4)E )2
Sanifls-1)% +(#-0)%
It is evident that in the general case of a stack of N
plates for thn X-ray transition radistion intensity, ueing

‘equation (3) we obtain

Ia

———m eal ew e A

S ‘ |
o f -/u o 1A 4q,a )sﬁls"%"’f‘/‘ "“9_)/

/ #ﬁ/*ﬂvw’)*w/tw#ﬂﬂ ‘o (153
Se'/ 28 (1-p %52 f2 (740

As nmentioned earlier, ‘lh:L'I.e deriving formula (13) we neglected
the reflected field, cansidering the reflection coefficient in
this case to be small. But in the case of a stack of plates re-
flection takes pleoe on each plate, therefore in the region of
applicsbility of formula (15) the smallness of the total reflec-
ted field as compared with the paseing fisld should be oamsi-
dered. This results in the cql:dition of :

V-4

2

N« d. (16)
Formula (15) for transition radiation without conmdition (16) was
derived by Ter-Mikaelisn and Gagazian’’8:?¥ and by Garivien
and Goldman,/ 80/ « In re.f.er.nces/ 78,79,81/ this rediation waa re-
ferred to as "resonsmce™ radiation, '

¥hen analyzing formula (15), it is natural to campare the
average radiation emitted per unit of plate in a atack with the
radiation generated only on o singls separat§ plate, 'i.e. formu-
la (15), divided by N, should be compeared with formula (13). ‘
The snalysis under examination has been performed / 72/ and ocnly
ite results will be presented below. Let ue introduce the fre-
quency wP’; F?(_-:!F;T' » where paa+b. Then with conditions of
w»w, and p>»e, s Lodependent addition of intensities of
radlation from all the plates takes place, l.s., &n average ra-
diation on one plate. 1s equal to the raedistion obtained from
eq. (13). Physically, these conditions imply that the distances
betwssn the plates are much la.rgar than the rnone of :tomtim

‘of tramsition radiation in vecuun. In order to oansider othar

I5
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frequenoiu, i abould be. Reted that with the cenditions of 5
©Wew, and G~y , maxiss snd winisa coopr in the epectrel .
dlstribubion of redistion emitted from a aingle plate, since
'<w’ . It hes been shown /72/irat the redistion maxisa
both in a stack of plates smd ou a sisgle plate fall mearly at
the sume’ fyequeseies. In the Tegloa eof ﬁ‘qmuin of écwy’ ‘.
the average radistion iatensity smitted frew cne plate im a
;-tmdputumnmmrmimumm#nu-
_ated frequencies I, a5 campered with the smplitule at the mexi-
—mammrmmznwxnmm-hn—mumo
. plate. At u-ﬂ. and f'#ﬂ. ilie -yum ntmm m platke:
inasmﬂm-dﬁomﬂmumtlm
thaa tha mmiuu Irom a sizgle plats. : : i
l‘nmll (13) was derivéd for X-ray Mﬁu r-uat:.a -t !
‘.nrmunmimuemu{nmamdumw.nw ‘]|.
general came of :mnnticm of uv Imlensth sdm:t!.ﬂ u:l.lt
/7008288 [ 4oy aina rat./29:55/)rer o paxtiale of u-bm-m
Velooity and fer a stack mads uwp of & tmu“m #.,nhtu»
The accurate scluticas are also derived / 8?/ for an hﬂ.niﬁ ¢
layered medium and for a periedical mmdus m h—-'
Homogensous mediw’®V . Sintierly, the!probles is. .mﬁﬁm .
| en infinite medium and & mmoothly changlap §fv) :lit& -
approximstion where as.) 18 olose to waity. u.. the ;mu- 18
salved’ %/ gor the cass uheye the medium's demsity changss pe-
riotically am emcothly. Particularly, for the case of X-rey
..‘.Mnaneioa ‘the firet two terms in the expansien seriss of the
radiation field werw cbtained. Thess ware derived elsewhere by
 anothew methed /8%, Tt wan also investigsted the cass of a
th.‘ll stack of very thim plates / 911 and a atlnk of optiodll:
Is : ‘

. 4

R <

e e

blus m—refleetus plates /924, 4 formal sddeitits: amtm of

the problem, for-an infinite poriodic medius 14 plvi i d./B/,
The case a dielsctric medium, lmbterlaysred wiih mhﬂl foils |
ilalnoatndiedlg‘w : - “ T

AIn the ‘above dascription of the tremsifien m thlor.r
thqmthodmusoﬂinwhiehthopﬂnnipﬂputilplwby t
free fields in the rou of tha. :I.ntognl in 69.{2). Hewover, it
thuld ba neted, that &1.1 the :Bcu:lull.l of 'llllt ftraiipition redi-
ation theory were derived by a ditfonnt laﬂlﬁ l.l woll, for
whieh the prinociplea ware sim h th- firsh u:k o Mulmrs _
and Frank’ "/, mmmtdmunmuunhm
that the Fourier eo-p.nut o:l’ & moving elum ield n mﬁ,—
lent to the field of a set of uhm dipelea} pqu:“ "
slang the trajectory 7%/, whare the images of thess dipeles
are introduced and the reeiprociiy thum is m m
development of this method was due to Patomev /9”

Gﬂingtotha.ﬂddthiﬂbri’fdi&_ﬂlﬂindihw
tical principes of tremsitiea 'n;lintiu. we camnet halp but te.
nention following aspects of this mmn. o

It is evident from formula (1a)mmreuim,¢u--¢
transition nd:l.at»;on i matter far um—mum« piriciclee
may becams very -1;.1:50. If 1t beoomss so large that the pertisle.
on this length begins to experience mmltiple scatbering, thea
the theory of transition radlstion shenld be medified propesl§?

" The effeot of aultiple soattering om transiticm redistion in the

presence of ons interface between pedis has beea tmtd/qoo'q"
U 7
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. medium /107"05/.

The other question is connected with thermal motiom of
electrons in the medium resulting in a spatial dispersionm of
dielectric permeability. Since in this case there develops
longitudinal waves, the boundary conditions appear to be fewer
in number than the unknown compenenta of the field. Some addi-
tional conditions may be introduced in euch a marmer that the
problem can be solved /*0+1°%  on the other hand 8ilin anmd
Petisov /1% demonstrated that a missing boundary eomdition
for the elsctric field componsnts can be substituted by a i:cmn—
dary condition on the distribution function of the medium elec-
trons, if the problem is solved in & gas-k:!.nétic_ approximation.
In such a formuletion the problem of transition radiation was

- solved while taking into account the spatial dispersion of the

dielectric constant /12,9M-113/ | mme same problem was also
solved in hydrodynsmic appraximation’ ¥/,

The influence of diffused bounderies on the formation of
transition radiation is studied by Amatuny and Korkhmasiar’ ' 1>/
and Galeev /11€/, The transition redistion of dipole moments’ 'V
and of bunches of charged partiocles periédically following one
after another is examined by Amatuny /18/ | mpe formation of
transition redfation with an arbitrarily changing velosity
charged partiole and in the osse of flat lnterfaces between the
media ie lnvestigated /97,98,119-121/ « Similarly for the case -
of spherical mte'rfa.cea between media is given 1122/ | gy
fields produced by a charge passaging through joint two-

layered and multilayered plates are derived /123 =125/

Tra'n‘aition radiation resulting from oblique incidence of a
charge has been studied for the cases of one interfaoe between
media /3 '3’6’7 126"152/. @ plate (that is, two in terfaces)
/81, 133, 134/ and a stack of plates /135/.

There n.rc also investigation which trsat the gemeration of
the tramsition radiation fields under the eonﬂitim of & moving
interface between medis /735 when ons of the media is isotro-
pio and optitally active 7137/ as again, when ne of the media
is of gyrotropic ferromagnetic nature /"?’B". The qua.nﬁm theory
of transition rediation is developed in scme detail /103,13%,

Finally, we remark that investigation existe whioh treata

the radiation gensrated by a charge moving in a randomly inhamo-.

gensous medium / 140!. in a medium where parsemsters are coo:nd.{-
nate and time dependent acoording .ta the law of trawelling wave
/181 | p1go, Barsuker /92+76/ ngs treated the problem of tran-
sition radiation when a charge travels in a waveguide.
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