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In that case the quantity o no longer plays the role 
of the penetration depth, but this quantity goes over 
into the effective dielectric constant for low frequen
cies and determines the magnetic susceptibility. 
Since the connection between j and A is local, 
E and x, expressed in terms of o, have the usual, 
London form: 

(10) 

1 ( 21> d ) 1 ( d )2 
X = 47t 1 - ([ tanh 2a ::::: - 127t 2i3 · (11) 

In conclusion the authors express their gratitude 
to Academician L. D. Landau for discussions of this 
paper. 
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IT has been pointed out1- 3 that longitudinal plane 
waves are excited if a medium exhibits spatial dis
persion; Ginzburg has noted1 that a very convenient 
means for the excitation of these new waves may be 
the Cerenkov effect. 

In this connection it is of interest to develop the 
theory of the Cerenkov effect as applied to the case 
in which longitudinal electromagnetic waves are 
excited by an electron. We consider an isotropic 
medium. We start by noting that one cannot use 
the usual Lagrangian L = ( EE2 - H2 )/811" because 
the energy density of the field, given by the expres
sion ( EE2 + H2 )/811", vanishes for longitudinal waves 
(both H and E vanish). 

In order to avoid this difficulty we start with the 
Fock-Podolsky Lagrangian,4 making the necessary 
extension to the case of an isotropic madium. We 
have 

where E and H are the intensities of the electric 
and magnetic fields respectively, A is the vector 
potential, cp is the scalar potential and n is the 
index of refraction ( n is considered an operator, 
cf. reference 5 ). 

Introducing the existence condition for a longi
tudinal field, curl A= 0, and the fact that there 
are no free charges, ( cp = 0 ) , using the analysis 
in reference 1 we find the following expressions 
for A and the energy density respectively: 

{~- (n2iJ2jc2iJt2)} A= 0, 

T 44 = {(div A)2 + (3nAjc3t)2}/87t. (2) 

In order for Eq. (2) (vector potential) to be con
sistent with the field equation in the medium, the 
condition E:E = n2 { E - Ko ( E • Ko)} must be satis
fied; this follows from the analysis in reference 1. 

Now, writing the solution of Eq. (2) in the form . 
A ~' L-a 2J lfi~tch/;;{1 fa exp (- ic !:__ t + iY.·r) 

l \ n 
"/. 

_j + (. "/. t . \} -a exp tc- - tx·r , \ n J ' 

we find the energy of the longitudinal field: 

H = .2J (clixjn) (a·ca), 
"/. 

(3) 

where tiK and ctiK/n are the momentum and en
ergy of the longitudinal photon. To satisfy the ex
istence condition for longitudinal waves explicitly 
we write 

(4) 

then, using Eq. (3) in the usual way (cf. reference 
6), we find that the operators g and g+ satisfy 
the Bose commutation relations. The phenomeno
logical quantum electrodynamics developed above 
for the longitudinal field agrees in form with that 
given in reference 6 - the only differences lie in 
the meanings of the operators a and a+. Hence, 
in applying the analysis to the Cerenkov effect we 
can use the results obtained by Sokolov.7•8 Substi
tuting Eq. (4) in Eq. (8) of the paper by Sokolov and 
Loskutov8 and assuming that there are no longitudi
nal photons at t = 0, after some elementary 
transformations we find the following expression 
for the energy radiated per unit length of path 
in the form of longitudinal waves: 
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\);i('j,) ~' e' r (I) [2 cos" (J -- !':~ (n cos (J -L. 1/r)] droJ 
LC' .\ Cfl 

(5) 

for a particle with half-integral ~pin and 
(,);! 

1'2 ~ r' 1twn \ lf/(O) -= --- (o) I cos2 () -- -cos Uj dro) 
r 2 \ cp 

(6) 

for a particle of zero spin. Here 

cos~= ljpn + (nuJfij2pc) (I- n-2) (7) 

( p is the initial momentum of the electron, (} is 
the angle between p and the direction of photon 
emission). The integrations in Eqs. (5) and (6) 
are taken over the frequency regions for which 
the inequality cos (} :s 1 is satisfied. 

The following remarks may be made concerning 
the derivation of Eqs. (5) and (6): first, the quan
tum correction is proportional to ti as in the case 
of the transverse field of longitudinally polarized 
electrons;9 second, in the case of the longitudinal 
field there is no specific quantum correction pro
portional to ti2 due to "the electron spin in the 
transverse field. The latter situation leads one 
to believe that the indicated correction is due to 
the transverse field rather than the spin of the 
electron. There is at least one important differ
ence from the case of the transverse field; in the 
classical analysis of Cerenkov radiation of trans
verse waves there is no radiation threshold; in the 
case of longitudinal waves, however, the radiation 
remains finite at the threshold, even in the classi
cal approximation. Thus, neglecting terms of order 
ti and higher in Eq. (5) we have 

w(';,) = lf/(o) = (e2 1 2c2J (w~- wiJ. (8) 

I wish to thank A. A. Sokolov for his interest in 
the present work and a number of stimulating re
marks and Yu. M. Loskutov for valuable discussions. 
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IN studying Coulomb excitation of nuclei one can 
observe various excitations in the target nucleus. 
It is also possible to observe excitations in the 
bombarding particle if the latter exhibits levels 
for which the Coulomb excitation cross section is 
large. In most of the work on Coulomb excitation 
the bombarding particles have been protons or a 
particles. Inasmuch as H1 and He4 do not have 
suitable levels the effect noted above has not been 
observed. In certain cases, however, the use of 
heavy ions as bombarding particles makes it pos
sible to observe the excitation of nuclear excita
tions in these particles. 

The present authors have investigated Coulomb 
excitation in Ne20 and Ne22 • The first excited 
levels are at 1.63 and 1.275 Mev respectively. 
Coulomb excitation of these levels has still not 
been studied because the intensity of the y rays 
produced when neon is bombarded by protons or 
a particles is low unless the latter have high en
ergies, i.e., energies comparable with the potential 
barrier. For this reason the measurements are 
complicated by background effects. In the usual 
method, when the element being investigated serves 
as the target (if a thick gas target is used), it is 
difficult to measure the beam current. It is prob
ably for this reason that in the work reported in 
references 1 and 2, concerning an investigation of 
Coulomb excitation of krypton and xenon, the au
thors were able to determine only the relative 
values of the y yields. 


