SYNOPSIS

The thezis containas the results of theoretical investiga-
tions on Cherenkov effect and elecirodynamics of continuous medie.
The motivation of our present study was a desires to set up a
theory of Cherenkov affect more in tune with the principle of
relativity and sufficiently powerful to enable a solution of the
problem of radiation in blaxial exrvstals. The consideration of
the covariant features of the theory, however, led to soms results
in the slectrodynamics of gontinuous media itself, All the dis-

cusaions in this thesis are based on the classical theory.

The thesis comprises five chapters, The accounts of our
investigations are prefaced by an introductory chapter devoted to
the review of the general aspects of Cherenkov affect, KEKfforts
have been made to discuss the practical implications of the effect
in some detail. Pue to the suther's lmok of knowlsdge of Russian
and the unavellabllity of many original papers no attempt could be

made itowards comprehensivensss of the review.

In Chapter II we discuss the general eslectroiynamics of
uniformly moving media., It l1ls suggestsd that the wall known
difficulty associated with the unphysical nature of the usual field
tensors can be aveided by edopting the Minkowski four forces F,

P: as the field variables. By utilising a projection technigue
outlined by Weyl we write the Maxwell equations in terms of thess
variables. The r--ﬁlting egquations ressmble the thres dimensional
form of Maxweall equations. The relation betwasen the two alterna-
tive forms of the constitutive equations is also discussed.” We

then elabaate upon the symmetry of the basic electrodynamic



esguationsg with respect to the electric and maénetic quantities.
For some cases, this symmetry enables one to obtain the magnetic
field from electric field and vice wersa. It turns out that the
two independent modes of wave propagation in an anisotropic medium
are related through this symmeiry. We next set out to golve the
new form of Maxwell equations. It is found that for this set it
is no longer necessary to introduce the potentials and asm a conpe-
quence the imposition of' a gauge condition ;a net c¢called for,
Apart from this methodological advantage the solutions obtained

are of greater generality inasmuch as they include the effects of

maghetic monopoles and their currents as well.

Chapter 11I of the thesis is devoted to a discussion of
Cherenkov effect in uniaxial media. We solve the Maxwell squations
in the proper frame of the charge in which the fiseld 1s static.
Instead of intreducing the usual four-potentials we describe tha
field by two scalar potentials defined by E = grad Q , Hu -~ grad?
After elimination of B from the field eguations we are led to
& fourth order partial differential equation for q « It im
shown that the lourth order operator factorises into two second
order operators under conditions somewhat more general than the
usual restrictions of uniaxiality. For non-dispersive medis the
two operators are simultaneocusly diagonalised by transformations
having preoperties similar to Lorentz transformations. The field
of an electric charge is then found by Fouriler analysis. The
field becomes infinite on a gquartic cone which factorises into a
pair of guadric conies and vanishes beyond 1lt, The reciprocal of
this is the Cherenkov cone of wave normals for which a neat.

expression is also given, In the calculation of the total energpy



of radiation it 1s essential to consider effecta of dispersion
and another set of transformations become necessary for diago-

nalisation of the operators.

The theory of Cherenkov effect in bilaxial media is dis-
cussed in Chapter JV. For the solution of this problem we adopt
a dual approach. 5, D and H are eliminmated from the fisld
equationa in the rest frame of the medium b¥ utilising the powsr-
ful methods of tensor algebra. The field in the proper frame of
the charge 1is then found by wmaking a special Lorentz transforma-
tion. The integration of the Fourier integrals for the fields ia
greatly facilitated by the »acognition of a simple sonnection
between the denominator of the Fourier integrals and Fresnselis
wave surface. We discuss a generalised form of the wave surface
for medis snisotropic in both dislectric and magnetic permensbili-
ties for which the principal exes ars not necessarily parallel.
We show that in the case of combined parallel anisotropy a few
transformations reduce the generalismed surface to the Fresnel
form., An lmmediate consequence of this result is that for moetioen
along a principal axis the subatance can be assumed to be magne-
tically idsotropiec; the radliation leass for combined isotropy being
cbtainable from the dielectric case by means of these transforma-
tions alone. The actual integration of the Fourier integrals ias
dens for the special case of motion of the charge along a princi-
pal axis by utiliming the parametrisation of the wave surface
given by Webar, We also give an alternative dsrivation of Weber's
result. The resulting elliptic integrals are calculsted by
standard methods leading to the expression of the total energy in‘.

-

terms of Heuman's Lambda function and complete elliptic inteprel



of the first kind. The final sxpression assumes different forms
in the five distinct cases which arise depending on the relative
magnitudes of the principal dislectric constants and the particle
velocity. In each case, howaver, the sum of the energies of tihe

two modes takes a form similar to the result of Frank and Teamm.

The final Chapter is devoted to the considerations of
energy and momentum of the electromagnetic éicld. We propose a
new definition of the snergy flux four vector for free elsctro-
magnetic fields in material media, It is shown that for thie
definition the old concept of duallity bhetween the wave and ray
vectors of a plane electromagnetic wave can be extended. This
duality dinvolves a substitution ascheme which is different from
the symmetry beitween the electric'and magnetic variables, We
generalise the Fresnel wave surface te wedis in motion, The dual
of thie is the ray surface which gives the loous of the electro-
magnetic disgturbances apreading out from a momentary svent at
X, = Q. The relation between these surfaces and the Cherenkov
and ray cones is elaborated, For some simple physical situations
we discuss the balsnce of electromagnetic energy and momentum from
the standpeint of the two energy momentum tensors of Minkowski and

Abraham. We end our discussions by deducing some formal proper-

ties of the snergy momentum tensors,

The principal results given in Chapters I1II and V have

bean communicated for publication in the form of two papers.



