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fluctuations in polarization and polarization current, with change in energy ('® — p%)/2m = %w and impulse

_particle must simultaneously satisfy the following requirement,

. perturbation theory is inapplicable to calculation of the section, i.e., if it can be expressed by £y B (w, 9

- degrees of freedom of the medium with frequencies >wyp will be termed a "fast" subsystem of the medium
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1. At the present time there is great interest in the developmc?nt of methods of measurement of the
complex dielectric permeability tensor g, B w, 9 [1] of a polar medium as a fun.ction of the independent
variables frequency w and wave vector q. Determination of this function makes it possible to use a phen-
omenological method in the thermodynamics of dielectrics (2, 3], the theory of polarons [4] and excitons [5],
the kinetics of charge transfer in a polar liquid {6, 7] (in particular, in the quantum theory of chemical and
electrochemical reactions [8]), and in the theory of solutions of electrolytes [9] where the function ¢ op @0
which itself contains information on the multiparticle properties of a polar medium, is involved in the ‘
theory as an wnknown parameter. Measurement of €y B(w, q) also gives valuable information on the struc-
ture of the polar liquid, . : '

VA"natural 'possibil‘it'y" fér measurement of the dielectric function in the surface (cb, q)isa study of fhe
scattering of a test particle in the fluctuating electromagnetic field of the medium, which is caused by

p' —p = Aq of the particle (o the degree of accuracy indicated in [10]). In fact, the scattering section is
expressed by the intensity of these fluctuations which is directly connected with g B(w, 9) [3, 10]. The test

a) It should only be scattered in the electromagnetic field of the medium, In the presence of other
interactions it is necessary to have some means of detecting the electromagnetic scattering against the
background scattering caused by other interactions. '

b) It should react weakly with the elebtrdmaghetic field of the medium, If this is not the case then =

it will be an extremely complex function. ... - :
" ¢) It should be sufficiently stable and controllable,

- Generally, electrons react strongly with polarization [requirement b) is not satisfied] and can form
bound states (polarons) with the medium* In the following discussion we will deal with the specific case of
electron scattering when the interaction with the field of the medium may be considered small.

. 2. It is known [11] that in the natural frequency spectrum of the dielectric there are tranSparency :
zones, i.e., ranges of frequency in which there is no absorption of quanta, Suppose an electron enters with
an energy corresponding to frequency wy, in the center of a sufficiently wide transparency zone ). The -

with regard to the electron. The degrees of freedom with frequencies <«wp separated from these by the
transparency zone are termed "slow." The essential feature here is that such an "intermediate" electron

1s not converted into a polaron. I fact, the rapid subsystem instantaneously forms a polar "coat," How-
ever, this "coat" is inertia-free and follows the movement of the electron adiabatically. Such a light "coat" .

*?‘he neutrons discussed in [10] interact weakly with the field of a nonmagnetic mediuni but react stror_lgly' e
with the nuclei of the atoms of the medium, The electromagnetic scattering of the neutrons may be sepa-
rated from the background of nuclear scattering by measurement of the angular variation of the scattering e

at angles ¢ ,1,", Positrons and m_ubps [10]' satisfy the requirements a) and b) but do not satisfyc)... . - "
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has practically no effect on the electron f.e,, change in effective mass, law of d1spers1on, etc., may be .
neglected), The slow subsystem cannot form a "coat" and in relation to the electron it behaves as a fixed
external field. The probability of an electron obtaining energy from the slow subsystem which consider--:
ably exceeds its own frequency and of being transferred to the absorption zone is small since this corre-
sponds to multiphonon processes. If in an experiment the energies of an electron in the injector and de-
tector correspond to the same transparency zone n and differ by the value hw hwy) we will consider that
such a weakly inelastic scattering in caused by the production (destruction) of a polarization phonon [3] of

the slow subsystem with an energy equal to hw ie. by single-stage scattering in the field of the slow sub-
system *

Considering electrons with a wavelength greater than 10™® cm @with an energy less than 4 eV), we T

will write the energy operator for their interaction with the medium in the form V (r) = e¢§(c), where @3 ()

-is the fluctuating potential of the slow subsystem, According to [10], for the differential section of unit S
volume of the medium we have, using the Born approximation. , B

-

?Ds(q, )= exp{-j;-}lt} [-—i—j.dr eup{éiqr}(‘i)g(r)] erp{——il?t}, R | . '(2)‘

where H F,V, and ¥ are the Hamiltonian, free energy, olume and i.ndex of th internal state ot‘ the medium T
[12]. In a homogeneous isotropic medium <i>s q,t)=-— PE @, t)4ri/q, where P (q, t) is the linear (with re- .
spect to q) component of the polarization vector of the slow subsystem, Using the expansion of this value S
with respect to the polarization phonons, the method of the effective Hamiltonian, and the rule of summation C
with respect to optical branches [3], from (1) we obtain : v B e e - Lo
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_where vp =p/m=Y2hw 7 By expenmental variation of the scattering angle 9 and w (<wn) it is pos- g v
sible to determine Im {eﬂ} ! over a wide range of w and g with the aid of Eq. (@) =%~ o ifloin.l s

3. For a specific case let us discuss the scattermg at an angle 9 lofa beam of electrons falling .
perpendicularly on the plane surface of a sample of thickness L. The scattering probability density in wnit -
time d*W/dtdwdQ = L - dN/dt - d?Z/dwd, where dN/dt is the number of particles falling on the surface.
of the sample per unit time, Then the probability density of ‘particles scattering in a volume angle Q with
change in energy hw, dW/dNdwdQ = L - d*Z/dwdQ. Let us conS1der scattering wlth change in energy in
the range fio — hm +ﬁAa) The smallness of the value : : : . , s ‘

*In principle, the recorded result may be obtained by another means, For example having obtained energy
from many phonons of the slow subsystem, the electron transfers to the neighboring absorption zone and
“ then, thermahzing, returns to the original transparency zone. The electron may also obtain an energy Aw
from several phonons of the slow subsystem. An attempt to establish the necessary criterion for small-‘
-ness of the effects of multiple scattering will be made in paragraph 3. - R
-t The ¢ -function automat1ca11y indicates that as a result of smgle—stage scattermg the slow’ system cannot )
give any energy greater tha.n ”wn to an electron . :




where W, =V :/ L is a necessary éondition for the possibility of use of perturbation theory. Data an the
study of Sieléclt‘.ric relaxation [11] and absorption of electromagnetic waves [13] makes it possible to find -
the values € (w, ¢ = 0) = ¢ (). For this reason, using the inequality [3]

Ime'(o, ) / [e'(0,g)|*< Ime(a) / |e(0) |}

we _wili write the required criterion in the form

1 L lol ho)} ]“ Ime(w)

— e e —t] — <,
2 re @a xp{ T le(w)l?

If Awp > T then the slow subsystem involves both classical and quantum degrees of freedom of the medium

(with particles less and greater than T respectively). Then (5) for scattering in classical polarization
(Aw < T) has the form B '

1 7 L Im e(o)
—_ 1; 6
2n Ro.rs le(e)l? ©)

()

in the quantum case Aw>» T

1 o) L Ime(w) Y
_‘?_exp{__z,_}gm<1, ©>0, | (72)

2% on
SCattermg with absorption of a phonon of energy %uw,

1 o LImsw) _, 0' ’ )
| o T o s e <0 <O _‘.
and scattering with production of a phonon of energy fw. From (5), (6), (7) it is possible to estimate the
allowable thickness of the sample, For example, in water wnder normal conditions in experiments on scat-
tering in the classical subsystem L «107%%w, cm, i.e., L «10~% ¢m and in using a transparency zone with

wp ~ 10" sec™, L « 1075 cm when w, ~10' sec™!. For scattering in a quantum subsystem with energy
gain L « 10 em and with energy loss L« 10~8w, /.

, The greater the energy of the electron, i.e., the higher the frequency at the transparency zone used,

- the wider the range of applicability of perturbation theory (the greater the allowable thickness of the
sample) and the zone of independent change in w and q [10]. However, the greater the energy of the electrons
in comparison to T, the more readily are they controlled. If precision recording of small changes in energy - .

and impulse is practically feasible then high-energy zones of transparency for measurement of ¢ at all fre-
quencies should be used, ‘

; It should be emphasized that for a determination of £ at quantum frequenc'ies it is possible to conduct

experiments on sufficiently thick samples (L. =1 cm), measuring the scattering of the electron with in-
crease in its energy, ' »

The authors express their thanks to Yu, A.'Vdovin and M. I. Ryazanov for discussion of the resﬁlts of
the investigation. R B R ‘ RS = . : o .
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