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vided by Barker’s study of the TO phonon mode in GaP 8See the thesis of S. Ushioda cited in Ref, 1. Our
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frequency-dependent damping factor. By studying the classical theory) is proportional to the mean-square
shape of the polariton spectrum of this mode, in value (u?) 7 of the total relative displacement of the
principle one may extend Barker’s analysis to a much ions in the unit cell. In fact, »(#) contains a positive
wider range of frequencies. In essence, in the polari- frequency component #, and a negative frequency part
ton regime, one can sweep the line center over a wide u., with (in the classical theory) @ = (u?)p =% @?)p.
frequency region by varying the scattering angle. The cross section for anti-Stokes scattering is pro-
L. Van Hove, Phys. Rev. 95, 249 (1954); 95, 1374 portional to (#2)y, while that for Stokes scattering is
(1954). - - proportional to {u?)p rather than {u?);. Thus, Ushioda’s
63, J. Hopfield, Phys. Rev. 112, 1555 (1958). cross section should be reduced by a factor of 2. This
"For example, see E. Burstein, S. Ushioda, A. will bring it into agreement with our result.
Pinczuk, and J.F. Scott, 1969), paper A-1. in Proceedings D. T. F. Marple, J. Appl. Phys. 35, 539 (1964).
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Cooling Curve in a One-Dimensional Crystal

K. J. Mork
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(Received 19 January 1970)

A region of 2N+ 1 particles in a harmonic one-di- =27 'arcsin(1/#), for t>1. (2)
mensional crystal is given temperature T, at time
t=0. The central particle in this region cools down
as follows!:

The present note demonstrates how this limiting
cooling curve may be found in a simple manner.
The standard representation?

N
T =Ty & JAND , (1) T2 =207 [ /2 7,22 sing) cos2nd do

n= =N
allows the summation over # in Eq. (1) to be per-

formed. Introducing a new variable x =2Nsin¢,
we obtain
T()/Ty=2m"1 f:” dx x~ Y y(xt)

lim T(8)/T,=1, for t<1 xsin[2Narcsin(x/2N)]+JEZND) . (3)
N =

where ¢ is a suitable dimensionless time variable.
By very complicated asymptotics Rubin' was able
to determine the following limiting behavior:
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Taking formally the limit N~ in (3), we have

lim T()/Ty=21"! fo ® dx x~ 1o (tx) sinx |
N = o

equal to? the right-hand side of Eq. (2). The for-
mal step involved is easily justified but details are
omitted here,

IR. J. Rubin, Phys. Rev. 131, 964 (1963). See in par-
ticular his Appendix C.
®W. Magnus and F. Oberhettinger, Formulas and

Theorems for the Special Functions of Mathematical
Physics (Chelsea Publishing Co., New York, 1949),
pp. 32-34.
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Specular Reflection in Al Films
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Experimental results on the size-affected resistivity of aluminum films are discussed.

We wish to comment on two conclusions reached
by von Bassewitz and Mitchell! (BM) from their ex-
perimental results:

(a) The value of the mean free path 7, for which
they give a value of 17.5 p for polycrystal films
as well as for single-crystal films.

(b) The reflection coefficient p, BM claim that
the reflection at a smooth surface of a single-
crystal film of Al is nearly specular.

1. DETERMINATION OF /

To obtain the mean free path [ from the mea-
surements of the size-affected resistivity p, BM
plot 1/pt (¢ is the thickness of the film) as a func-
tion of In# and draw a straight line through the ex-
perimental points. Extrapolation of the line of the
axis where 1/pt=0 gives an intersection point #
=17.5 u. BM conclude that the intersection point
should be the point where #;/I =1. This leads to
1=17.5 p and p.l=11.5X10"12Q cm? where p. is
the bulk resistivity. To obtain this, BM use an
approximation of the Fuchs-Sondheimer? (FS) the-
ory for the case #/I <1 which reads

p~/p=(3t/41) (1 +p)/(1 - p) In(t/t) . M

If 1=17.5 1, then the experiments of BM were done
in a regime 0.01<#/1<0.2. However, in this re-
gime the extrapolation procedure described above
is misleading. This is most easily seen by plot-
ting 1/p.ut versus In¢, where p,, is the (numerical)
value of the full FS theory. When a straight line
is drawn through the calculated points in the re-
gime 0,01 < #/1<0.2, one finds that extrapolation
to 1/ps,t=0 gives ¢, /1=1.9if p=0, #/1=1.3if p
=0.1, ;/1=0.9 if p=0.3, and #;/1=0.75 if p=0.5,

instead of ¢ /1=1 as follows from Eq. (1). These
differences clearly show that if I=17.5 u, Eq. (1)
may not be used. The procedure used by BM to
obtain 1=17.5 u and thus p.Z=11.5x10"*% Q cm? is,
in fact, inconsistent with the FS theory.

2. DISCUSSION OF REFLECTION COEFFICIENT p

When concluding something about the reflection
coefficient p from the FS theory, the dependence
of I on { must be known. As BM have done no oth-
er experiments from which / can be determined,
they had to make an assumption about the depen-
dence of / on £, In fact, they reason in terms of
a constant mean free path and then conclude from
the fact that the slope of the straight line in the
1/pt-versus-Int graph is different for single-crys-
tal films and polycrystal films that p# 0. Using
Eq. (1) they found that for smooth surfaces of
single-crystal films 0.42 <p <0.84. From the dis-
cussion given above about the validity of Eq. (1)
for the experiments of BM, it is clear that the ob-
tained value of p seems not to be correct. The
conclusion that p# 0 can, however, be right if in-
deed ! is independent of . It is clear, however,
that one could also interpret the experiments by
assuming p =0 and letting / be a function of £, a
possibility which is not at all unlikely in view of
the results obtained by Cotti et al.® Let us con-
sider the consequences of such an interpretation;
BM give that p varies from 8.5x10-% to 1.1x107®
© cm for single-crystal films, and from 18x107®
to 2.0%107® @ cm for polycrystal films for thick-
nesses between 0.2 and 3.6 u. Using the results
of a two-band model, * one finds that for single-
crystal films, I varies from 6.1 to 18 u and from



