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le In the field of an electromagnetic weve the elec-
trons gbtain a momentum in the direction of wave propagatione.
This gives rise to a flow of comatant curremt or creates a
constant voltage. Since the momertum of the electromagnetic
wave is proportiomal to the square of its amplitude, we
have to deal with monlinear effect. This effect is known in
the literature 1-3] as radioelectric or photoelectric effect.

In this paper we investigate the gemeration of constant
voltage with an electromagnetic wave of frequency w incident
o0b a métallic f£ilm of thickmess d which is much mmaller than
the mean free path ! of the conduction electroms. In the
cdlculations we take imnto account the reflectiorn properties
‘602 the £ilm surfaces.

2¢ The electric field which acts om the electrons

-E’ = E’-‘ + E 2 /1/
is composed of one alteyate component f:', of frequency w
and one constant field L, . The comstant field is such that
in a steady state the current in the directiom of the elec-
tromagnetic wave is zero. We split the electron distribution
function | in three parts

J=4 «f, ¢ 5 /2/
where | is the equilibrium Fermi distributiomn fumction and
$as j?_ are contributions to the distribution function from
the fields F,, E. , respectively. We fimd § from the
Boltzmaenn equation which we solve in 7 - relaxation time
approximation. We have

A, vriwg _ ek /Y
22 Vs ‘e Ve Eu
% 1 . 2 /4/
o X = 96) .
N o\ oL, _ Vi X,
q’(?-): eEzz +i Re \( Eu - \%Hy) ’:)p. T c 2R S /5/

where the functions ¥, end X, are introduced with },- Jﬂ?i ’
&
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}511% end V ' Pt e € s &(p)are respectively, velocity,
moment:xm, effective mass, charge and energy of conduction
electrons and C is the speed of light.

For simplicity we consider linearly polerized incident
electromagnetic wave travelling along z -axis which is per-
pendicular to the film. In the f£ilm, the electromsgnetic wave
field has two components E.. and H., . The time dependence
is described with a factor ¢'“l. We slso sssume that the wave
vector coincides with an axis of high symmetry of the sample.

The boundary conditions on the distribution function
are written down with the help of a phenomenological para-

meter ¢, [4] ‘
¥, (220) = 9z (220) + pas /6/

Jiz (=22d) = ¢ 204 (22d) + Mo

where the constents Au,. snd Ms4 are to be found from the
condition that the z -component of the current density is
zero

.31 2z (z:o): 31,21 (z=:d) = 0 /7/
The fields E. end Eaz setisfy the equations of
electrodynanics - 4
d LAdrw 3 _
dfzx -1 Ca \)11. - O /8/
end electrostatics .
dJzz __d¥
-,_:)-z. = 0 - E 22 = - ;‘; /9/

where ¥ 1s the potentisl of E,. .
To solve the equations /3/-/9/ we use the method pro-

posed in [5] end
I> d( 1+ wre?)? /10/

thus, considering films of thickness much smaller than the
mean free path of the electrons. The subsequent results are
obtsined for wWr«1,

Two limiting ceses sre considered: the case of diffuse
/ §=0/ and .the case of speculer /9= 1/ scattering from the
surfaces. The constant voltsge between the boundaries
U= \p(d)l\{’(o) is conveniently represented as a sum of three

264



tems U=(l,+.+U, &lven below.
a/ Diffuse scettering /4=0/

d c S
Usr = Uo i“ai y) 1_0_ /1/
= Ue —ﬁn m/
- 1/
here 8- & “to plosns fr oo =478
where o W *V_‘Il ne s plasme frequency, U ’aFcJ

end J. 1s the momentun of the incident wsve.
Y4 upecular scattering /91

us = & s oLy,
U 2 Lo e/
U.i = - u.u) g? /12/

3. Because the surface impedence is smsll, H, zpf. i
vhere [; 1is the smplitude of the incident wave. This means
Thet thé altermste component of the current can be considered
és given., Since the ooefficients of specific conductivity
in thin metellic films ere different for %=¢ end 4= 1 ,
it follows thst the corresponding fields slso differ. The
field is stronger when 4= 0O which results in larger transfer
of momentum from the wave to the electrons.

The contributions to the voltage /11/-/11/ and /12/-/12/
result from the x -component of the electromegnetic field
force, This component is without influence on R , which
allows to consider the problem formslly, ss one for a bulk
sample but with e field E, as the one in the film, For g=1
the conductivity in a £ilm end in e bulk sample is the seme
and we can compsre the results with those of Gurevich and
Mezrin [1)] where for the maximum voltage up to a factor of
the order of unity, one obtains (I = lJoo in agreement
with /12/. when =0 the voltage is lerger, since the field
which generates it is stronger.

The contributions of the electric field and the Lorentz
foroe in the msgnitude of the effect sre different. The elec-
tric foroe dominstes in very thin films: if d« 8o when
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or if d« —‘E‘i when =1 . For films of larger thickness
the Lorentz force beccries dominant.

The mechsnism determined by the z -component of the
Lorentz force gives a different contribution to the constant
voltagee This force changes the P -component of the momentum,
the full smount of chenge being dependent on the multiplicity
of reflections from the boundsries es well zs on the character
‘of the reflections. The multiple reflections give rise to a
factor dl in both ceses g=0 sand 9=1. If the sca‘l;'t;eri.n'gé,2
is diffuse, this mechanism becomes most importsnt when d>> T -
When the scattering is elastic it is predominant 37 €>>dis>d .

The essential difference; dependent on the type of
reflection is in the sign of the constant voltage. Since
the voltage for 9= 1 1is -E'- times smsller thsn the voltage
for g=0, one ceon expect thst even for small diffuseness,
the sign of the voltage will be the sghe as of /11“/.

4, We would like to thanl Professor M.I.Kaganov for
helpful discussions.
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