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1. In the field of u electromagaetic wave the elec­
trons 9btain a momeJ:Ltum 1a the directio.a of wave propagation. 
This givea riae to a flow of coaatant curreat or creates a 
constant voltage. Shoe the momeJa.tum of the electro.magnetic 
wave is proportioJl81 to the aquare of ita amplitude, we 
have to dea1 with aollliaear effect. Thi• effect ia kllown h 
the literature �1-31 aa radioelectric or photoelectric effect. 

In thia paper we inveatigete the geaeratioa of constant 
voltage with aa electromepetic wave of frequency w illcident 
011 a meta1lic film of thickllesa d which ia much mnaller than 
the m88ll free path 2 of the con.ductio.a electroaa. In the 
oalculatioa• we take iato accouat the refleotioa properties 
·of the film sur:tacea.

2. The electric field which act• oa the electrou

E=[1-f:� /ll 

ie compo•ed of oAe al te�te compoaent f .. of frequency w
and one con.tot field E 2 • The ooaataat field ill auch that 
in a steady state the currst h. the directioa of the elec­
tromagnetic wave ia zero. We split the 'electron.' distribution 
f'Unction J in three part. 

/2/ 

where J .. ill the equllibrium Fermi diatributioa function and 
j", j

2 
are �lltr!butioaa to the diatributio• ftmction from 

the fielda E" , E � , reapectively. We fiad J from the 
BoltzmaDJ1 equation which we aolve in 'l' - relaxation time 
approximation. We have 

d.71 ».,.i.u.> ,i.,· _ e V.. E +--.,{ -- .,,. �z Vz 
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cJJ':1 .... _1 J'., � cp(z) / 4/ 
c)Z. cVz 
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e \(-.. Vz H:) v.J-1 .,.. _y. �� ?Y-1 l /5/<p(z)= eE2.z. + 2.v Re L ... - c -6 P.. c o� J
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di where the :f'UD.ctioaa Y., end J' 2. are introduced with 11 = j'.., � ,
oc. 
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J
;!
=:X

.!.
;i" end V, p ,tr(, e , c(p)are respective1y, veJ.ooity,

momentum, effective mass, charge and energy of conduction 
e1ectrons and c is the speed of 1ight. 

For s:linplicity we consider 11near1y po1erized incident 
e1ectromagnetic wave trave111ng along z. -axis which is per­
pendicular to the film. In the film, the el.ectromagnetic wave 
fiel.d has two components E.,,., an� \..\ .,.., • The time dependence 
is described with a factor e·wl. We a1so assume 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 phenomeno1ogioal para­
meter� (4] 

'1/+ 
. -

J 1 ,z (z=o)::: c:i,J'.,,2.. (z= o) + .f'- 1 ,2 

.71.� (:r.=d).: 'f .1\� (.z=d) . .,. )-l
'!l
,'1 

/6/ 

where the constants /l..1 ,2. end )"-,.ii are to be found from the 
condition that the z -component of the current density is 
zero 

. 
J. i:.l. (z::o) = J1,2.t (z= c) :. 0 

The f�elds E"i< and E�-z. satisfy the equations of 
electrodynamics 

end electrostatics

where 'f is the potential of E2x. • 

J..P 
E 2Z: - -· 

dz. 
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/9/ 

To solve the equations /3/-/9/ we use the method pro­
posed in [5] end 

/10/ 

thus, considering :f'ilms of thickness much smaller than the
mean free path of the electrons. The subsequent resu:Lts ere
b"'btsine·a for W�GC.1. 

!l'wo limiting oases ere considered: the case of diffuse 
I <p::: o / and. the case of specular / 9,:. 1 I scattering from the 
surfaces. The constant voltage between the boundaries 
u = \f) (df 'f(oJ is conveniently represented· as a sum o:f' three 
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f;.t. 

_ i Lfirw j. -= 0 
dz2 c� 
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tems U = U 1 + U 2 + U 3 
given below. 

a/ Diffuse scattering /CJ= o/

Ud J.� i ·1 2 
" �  U� �- Ln -

d�d d 

J . Q n-" l 
U. ::: UQO -� �2. d d 
. J t" e;.," P. 

/ll/ 

/ll/ 

/11/ 
Ub � Uw 2 d 

where So=� , w. -Y f,r;e� is plasma frequency, Uoo=- �,re J 
Wo O 

- m'*' ,m/1.1)/C " 
and Jv is the m.0111entum of the incident wsve.

b/ Spec�er scattering / j= 1 / 

U '; == Uc.1 802 ln 622. 

id d2 /12/ 

/12/ 

2 /12/ u� � - llw d
3� Because the surface impedance is small, l-1 1, :;2E i. 

where E � is the amplitUde of the incident wave. Th:is means 
·ih&t the al temete component of the current can be considered
as given. Since the ooe�fioients of specific conductivity
1n thin metallic films are different for '1 = o and q,, = 'l ,
it fo11ows that the corresponding fields also differ. The
field is stronger when c; = o which results 1n larger transfer
of momentum from the wave to the electrons.

The contributions to the voltage /ll/-/11'/ and /12/-/li/ 
result f:rom the x -component of the electromagnetic field 
force� This component is without influence on R , which 

% 

a11ows to consider the problem fonnelly, as one for a bulk 
sample but with a :field Eu ·as the one in the film. For q.= 1 
the conductivity in a film and :IJl a bulk sample is the same 
and we can compare the resul.ts with those of Gurevich end

Mezrin [ l] where for the maximum vol tege up to e factor of 
the order of unity, one obtains U::: U C>,) in agreement 
with /12'/. 'When q, = V the vol tege is larger, since the field 
which generates it is stronger. 

The contributions of the electric field and the Lorentz 
foroe in the magnitude of the effect ere different. The elec­
tric foroe dominates in very thin films: if d << 8 o when · 
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or if d <-'- T when q."' 1 • For filJns of larger tM.cJQ'\ess
the Lorentz foi"'ce 1)ecoJ;1es dominant. 

The mechanism detenn1ned by the z -component of the 
Lorentz force gives a different contribution to the constant
voltage. This force changes the� -component of the momentum, 
the full amount of change being dependent on tlfe· multiplicity 
of reflections from the boundaries as well e.E on the character
·o:r the reflections. The mul t1p1e reflections give rise to a
factor f in both cases q.:::. o and 'i"' 1 • If the scattering 

2 

is diffuse, this mechanism becomes most important when J» f . 

When the scattering is elastic it i!3 r,rHdominant lf i>>dv'>> d.
The essential difference, dependent on the type of

refiecti@n is in the sign of the constant voltage. Since
the voltage for i = 1 is f times smeller then the vol tase
for q = o �- one csn expect that even for small diffuseness,
the sign of the voltage will be the se'me as of /11/.

4. We would like to thank Prof'essor M. I.Xaganov for
helpful. discussions.

References 
l�L.E.Gurevioh end O.A.Mezrin, J_ETP 62, 2255-64 /1972/. 
2� Yll.l-1.Pinskij, FTT �' 1450.,.7 /J.97 3/. 
3:L.E.Gurevich and o.A.Mezrin, FTT !2, 773-84 /1.974/.

4.I:�?u.chs, Proc. CAr1 •. Phil.S0c • .Ji, 100-8 /1938/.
5�G.J .Ivanovski, l!.I.I'"..agenov and v.:e.Filcs,·· !'TT ll,

1441-9 /197 3/. 

266 




