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Kibble [:., Z1 has s]rovn that an electromagnetic behaves relative to an electron of energy

e l ike a nediun vith a refract ive index
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and therefore electronsr whose energy satisf ies the condit ionl)

, 2  -#  < ' , :E2  / r2  ) ,  
( r )

are reflected from the vave (f ana o are the tinre-averaged squared inteneity of the electrlc

cornponent and the frequency of the vave). fn this cormunication ve call attention to the

fact that in the presence of a homogeneous magnetic field vith potential

A r '  ' H f (z)

the electrons penetrate into the wave regardless of their energy, and rhen e is lorer than

a certain critical value aLl the electrons that enter the rave are clragged by it and acqulre

a relativistic nonentun in the vave propagation ilirectlon.

The problenr of electron penetration in the vave can be solrred by the usual methods em-

ployed to lnvestlgate the penetration of particlee through a potentiel barrier (cf., e.g.,

If]). If the electromagnetlc vave is clescribed by a potential

fo r  z  <  0  ;  a  n (or ,  a r ,0 ) rcons t ,

then the condition for the continuity of the electron vave function ancl its tlerlvati.ve wlth

respect to z al z = 0 leads to equations for the detemination of the intensity of the elec-

tron flunee refl-ectecl frorn the vave and penetrating into the vave; it also follovs fronr this

eonditlon that the energies of the incident a^nd penetrating electrons are equal.

In the fleld of the electroroagnetlc vave, the role of the enerry e of the stationary

states of the electron is playedby the quasienergr [l+], so that the conparlson ehoulal be

made betveen the energy of the incident electron e anil the quasienergy er of the electron in

the wave. The connection between the quasienerry er a,nd, the quasimonentum p, of an electron

in the fields of formulas (2) ana (S) is given by the folloving forrnula'frorn [5]
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wbere n = 0r 1r oros !l is the number of the Lanclau level of the electron in the vave (to ein-

plify the d.erivations, we describe the interaption of the electron vith the external fielcl

by a Kleln-Gordon equation). Replacing er in formula by e, ve obtaln the sought relation,

rtich ve shall investlgate for an electromagnetic vave of frequency o, in the optical region

of  the spectnm ( t  , ,  ,H = e l /e)p a^nd for  nonrelat iv ls t lc  e lect ron energies ( "2 -  ^2. .  n2) .

In this cane, &a can be readily verif ied, if the conditlon

r )^'We use a systenc of units in which c = ! = 1, and also the relatlvistic re.;ferencc
point of the enerry.
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:s satisflecl, only electrons vith very large quasimomenta p, can propagate ln the wave, and at

lixed values of n the electrons cain have only two values of p, (the other tvo roots of (L)

are conplex):

( r )

( 5 )

l'iien II = 0 and the electron energies correspond, to the lneguatlty (5), Uq. (lr) iras only con-

;),ex roots, i.e., in this cage the electrons are refLected fron the nave, as they should.

When the inequality opposlte to (5) is satisfied, there appears in the electronagnetic
'rave, besldes the faet electrons, also an addttlona.1 group of electrons (slor electrons) for
'rhich the roa:cirnum value of the longitud.inal quasinomentun is

tDsl .2 a2
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ior modern laser sources we h*ru "2"2 .. m2, so that for thig group of electrons p; .. ,. the

:vo groups of electrons are thus separated by a broad forbidden bancl for the quasinomenta pr.

in thls l init ing cese, the characteristic features of the fast and slov electrons in the field

cf the electronagnetic vave consist of the fact that the faet electrong appear in the forrn of
--so monochromatlc streans vith a relativistic quasimomentum clirected along the wave vector of
'-he vave t whereas the sLor eLectrons have mornenta that 1ie in the interval 0 < p, < pi.

In the phenomenon consid.ered hefe, the'electronagnetic vave behaves l ike a strearn of

l iquid, dragging vith it the patticles (electrons) that fall into it. At sufficient\y lov

energy er all the particles entering the liquid are tlraggecl, and only partlal d.ragging of the

particles take place if the enerry is larger. Fron the point of view of this analog, it is

:atural that the "draggedtt electrons have relatlvistic monenta in the iilrection of notlon of
--he photon bearn.

Ttre probtern of tlete:mining the coefficient of penetration of the eleciron into the wave,

J, reduces in the general case to a solution of a.n infinite system of linear algebraic ecluar

:ions. It sinpJ.if ies greatly for an electron enerry satisfl ing the condition (5), and for

cptlcal frequencies (o t> on), for in that case the elebtrons propagating in the vave have

luasimomenta pr, and pr, that depend veakly on n.

Neglecting this dependence and. the difference between pr, ancl pz., ve csn eliminate the
';ave functlon of the electron in the nave from the system of equatlons obtained lrhen the vaye

lunctione are mad.e continuous on the boundery z = O. Ttris yields for the penetration coeffi-

:lent the fonnula

D - t - L ,
k ' + i , ) 2
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where  p"  =  [e ' -  m ' -  eH(2n +  1) ] * ' '  and  n  i s  t t re  number  o f  the  Lanc lau  leve1 o f  the  inc i t len t

electron. In the most favorable case, descri .bed. by formula (7),F-t ,  eta"/2, and therefore

n * \t.2*2/z^2)L/2. rn focused rad.iation from a moderr la.ser souri", "2^'/# ca^n reach

va lues  on  the  ord .er  o f  10-b ,  and then D ' r ,3  x  10-J .

fhe effect proposed. here can be observed, experimentally vith the aid of a.n electron gun

whose eathotte is placed in the f ield of a l iglrt  bean. Accori l ing to (7), the penetrat ion

coefficient vill then be larger for the electrons emitted froro the cathotle at a snaller angle

0 to the direction of the vave vector. In setting up the experiment it nust be borne in mincl

that the homogeneous nagnetic f ield should be suff iciently strong. In factr i t  has been

assnmedhere that tbe vave occupies the entire half-space z > O, In a realexperinentr on the

other handl the high-intensity l ight bean has a f ini te rat l iw R. Thereforer our results re-

rnain valiil only when the radius of the electron orbit in the nagnetic field, r = pr/eE,

satisf ies the condit lon r << R (p. is the project ion of the nomentun of the inciclent electron

on the xy plane). when 0 << 1 and p ^, " l t l (p is the total mornentum of the incident electron)

we obtain the folloving limitatlon on the rnagnetic field lntensity (p, = p, c is the speeat of

light ) :
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