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ABSTRACT

For obtaining microwave radiation, we have made close investigations into the effects of alternating

electric field on Cerenkov radiation from a charged particle moving with a superphaee velocity through an
infinite dielectric, as well as a finite one.

Following the suggestion made by Ginzburg
1,2

to use Cerenkov and Doppler effects to obtain micro-
wave radiation, we have applied alternating electric

field ~= ~e.%%~first parallel and then

perpendicular to the uniform linear, superphase
motion of the charge e through a finite as well as

an infinite dielectric and considered the radiation
emitted. The field superimposes oscillations on the

linear motion of. the charge. Consequently, Doppler

radiation is given out along-with the usual Cerenkov

radiat i on. Cerenkov radiation is msinly in the

visible regiont while discrete frequencies 0(0)
emitted through Doppler radiation are restricted to
lower frequency r,egion-of the electromagnetic
spectrum. O(ej , which depend upon field-frequency
tdo , velocity of the incident charge ~.=~.c and

the dielectric, are given by

(1)

the refractive index and e is the angle of

observation.

For an infinite dielectric, the intensity of
Cerenkov radiation is found to be3

for ~ji~o

I cer = IC ~Jo2@.) + ~’()%)j (2)

(5)

T.,rj denote Bessel function and ‘~is the maximum
frequency upto which Cerenkov radiation condition is

satisfied.
Both theee results show that in presence of

parallel as well as perpendicular alternating

electric field Cerenkov radiation has an
oscillatory behaviour and that it gets reduced from
its no-field-value. Actual variation of the

intensity of Cerenkov radiation with 2 s~#m is
studied.

Further, in the case of an infinite dielectric

the intensity of Doppler radiation is fcund to be
for-g-//~e
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1Dop= 21. ~ f Z’(x”*)-J+(WJJ+,(A%)]
<=1 (4)

and for

The results (4) and (5) shcw that (i) Dopple~
radiation is a field-effect, (ii) it has an
oscillatory behaviour and (iii) the number of Doppler
modes increases with x. Actual variation of
intensity of Cerenkov radiation and different modes
of Doppler radiation (<e\,zJ .--.-5 ) with various
parameters is stludied and a comparison of the res~ltd

for parallel and perpendicular fielde is made. It
gives the following conclusions: i) the parallel
field reduces Cerenkov radiation more effectively
than the perpendicular one ii) the intensity of
different modes of Doppler radiation given out in
presence of perpendicular field is weaker than the

intensity of corresponding modes of Doppler radiaticn

emitted when t’ne field is parallel and iii) the
number of Doppler modes emitted in presence of
perpendicular field is less than that with the

parallel cne.

Further, it is found that the total ra6iation-
10SS, tinrou~h Cerenkov and Loppler radiation, in
presence of parallel as well as perpendicular
alternating electric field , in an infinite dielectric,
is constant and that ii, is always equal to the ener~y

radiated throu:;h Cerenkov radiation in absence of

field. Therefore, the ultimate effect, of alternating

electric field is to shift the radiation energy from
the visible to lower frequency regions (which is

higher than the applied field frequency) of the
electromagnetic spectmmo

l,lrhen ~ charge mo.Jes through an infinite dielt>ctr_

ic, ener~~ lost by the char.[e through ionization,

excitation and atomic collisions etc. is quite large,
compared to energy-loss due to Cerenkov radiation,,
For minimizing the energy-losses of the charge by

processes other than the Cerenkov effect, we have
taken into account the effects of alternating electric
field on Cerenkov radiation when a charge mcves above
a boundary separating two dielectrics. We have
tackled the problem bys~ing the method of images and
derived results for intensities of Cerenkov and

Doppler radiations in closed fcrms. The effecte of
bounda~ on Cerenkov radiation in presence cf

parallel and perpendicular alternating electric
fields are discussed in detail under the followin{:

ph sical situations of interest.
(I~When the charge move. in vacuum at a height h

(h#O) from thesurface of a dielectric, the
intensity of Cerenkov radiation is obtained in a
cloeed form and it is found that the intensity of
Cerenkov radiation is inversely proportional to the

square of the height h. A numerical calculation



shows that the intensity of Cerenkov radiation in

this situation is at least 2 to j orders less than
that in the usual one, when the charge moves through

an infinite dielectric. Variation of intensity of
Cerenkov radiation with (i) field parameter

and
(ii) hei~ht h, fora fixed
is studied in detail. One

for a fixed h
)

x

can choose the height h
at which one should pass the electron-beam, eo that

the unwanted energy-losses of she charge are
minimized.

(II) men the charge moves exactly along the surface
of a dielectric i.e. (hGO), the intensity of

Cerenkov radiation is obtained in a closed form.

In absence of field the results agree exactly

with Eq. (18) of Sitenko and Tkalich4 . A numerical

calculation shows that the intensity of Cerenkov

radiation in this situation is about 6@0 of the
intensity when the charge moves through an infinite

dielectric.
The results show that transfer of Cerenkov

intensity to the Doppler radiation may find possible
use in the microwave region or that frequency region
below the visj.ble region which is otherwise
inaccessible.
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