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At one time based on the Lienard-Wiechert potentials it was found out 11,2 | 
that the equipotential surfaces of a uniformly moving charge have the form of 
revolution ellipsoids stretched in the direction of motion. With growing speed 
the field stretches more and more forward and acts on greater distances. One 
can say that there is a kind of «relativistic long-range» effect. 

Below from analogous positions we consider the behaviour of field 
equipotentials when a charge moves in refractive medium. 

Field of a moving charge. For the Lienard-Wiechert potentials of a charge 
moving in medium with speed v we have (3,4 | 

e cv 
Ф = —, , A = -—r. 5 JT , (la,b) 

n2R( i - /Зл cos 0) cR(! ~ P" c o s tf) 
where n is the refractive index, R the retarded distance, t> the angle between the 
direction of v and the radius-vector R, and fj = v/c. Based on (la), the 
equipotentials equation for the electric field in medium is obviously of the form 

* Фл2(1 -/Sncosfl) ' 

Equipolential ot a moving charge in medium: n-1.2(I), 1.25(2), 1.3(3), 
1 4(4);/? = 0.8 
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Corresponding curves answering different values of л for /3 = 0.8 are 
presented in the figure. At и, = 1.2 we have the same Lienard-Wiechert ellipse 
as a charge moving in vacuum but with the speed v = 0.96 c. With increasing n 
the ellipse stretches more and more forward, and at «2 = 1.25 (dotted line) we 
have Лф(0°) = R = » what means the appearance of the Cherenkov effect for 
д = 0°. Although, as seen from the figure, the «field spread» is sufficiently 
broad. At n3 = 1.3 (chain-dotted line) the field noticeably squeezed, though its 
influence is s'.ill considerable behind the Cherenkov angle. Only at n. = 1.4 the 
picture approaches the «classical» Cherenkov one, when the field is practically 
concentrated at one angle Ь , but all the same its action for fi > д remains 

° с с 
appreciable. 

Thus, the presented picture of the moving charge field adequately reflects 
the peculiarities of radiation behaviour. Though the «threshold» Cherenkov 
angle characterizing a maximum value of the field is undoubtedly distinguished, 
but, according to the figure, a smooth enough transition path in post-threshold 
and pre-threshold regions takes place. 

Formation way. Let us consider now the quantity analogous to (2) 
я Ф n> 

A A{\ -/Srtcosfl) w 

and pay attention to the following. The radiation of a moving charge is 
essentially the conversion of virtual quanta to real ones. Based on the 
electromagnetic coupling constant a, it follows that the relation of the 
interaction energy of iwo charges (еФ) at a certain distanced (which is carried 
by virtual photon) to the energy of a born real quantum with wavelength X and 
frequency v is ahv. Substituting the corresponding relation for momentum in 
(3), we obtain 

Я = it = __^ ( 4) 
A c{ah/Xn) (1 - /3n cos if) 1 - fin cos д " v ; 

The latter expression coincides completely with the known formula for the 
formation way.* 

The concept of formation (coherence) way (zone) was introduced by 
I.Frank [71 when considering the radiation of a uniformly moving oscillator in 
refractive medium. He defined it as an interv?! of the path from which waves are 
radiated by an oscillator source in phase. 

'In this connection see also |5,6| . 
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Let us consider the motion of a fast charged particle along a straight line. At 
each point of its path, the particle radiates a plane wave of frequency <o with 
wave vector k. The phase difference A<p of the waves radiated at angle t) to its 
momentum at times / and t + 1 /v is equal to 

A<p = ш kl cos 6, (5) 
v 

where / is the traversed path and v is its speed. The formation way /. is defined 
as the distance for which Ay = 2л. Taking к = (ш/с)п into account, it is easy to 
see that 

/ = * E H =
 xl± (6) 

/ w(\ —fin cos d) I — /Sncosfl 
Thus, expressions (6) and (4) derived by absolutely different ways are 

really coincident. Therefore the radiation of a moving charge in medium can be 
treated as «knocking out» of light quanta by medium atoms from the 
electromagnetic field accompanying the charge. And the larger the formation 
way the more the probability of light radiation just in this direction. 

The author thanks M.S.Khv&stunov for discussions. 
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Стрельцов В.Н. Д2-94-85 
Эквипотенциали поля быстро движущегося в среде заряда 

Представлены лиенар-вихертовские эквипотенциали поля равномер
но движущегося в среде заряда. Подчеркивается, что полученные кривые 
описывают фактически угловую зависимость путей формирования излу
чения. В частности, черенковское излучение соответствует бесконечному 
пути формирования. 

Работа выполнена в Лаборатории высоких энергий ОИЯИ. 
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Перевод автора 

Strel'tsov V.N. D2-94-85 
Field Equipotentials of a Fast-Moving Charge in Medium 

The Lienard-Wiechert field equipotentials of an uniformly moving charge 
in medium are presented. It is stressed that the obtained curves describe in fact 
the angular dependence of formation ways of the radiation. In particular, the 
Cherenkov radiation corresponds to the infinite formation way. 

The investigation has been performed at the Laboratory of High Energies, 
JINR. 
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