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The electron-phonon collision frequencies, averaged over the extremal orbits, are ob
tained for 20 orbits in copper from measurements of the temperature dependences of the 
radio-frequency size-effect line amplitudes. The collision frequency as a function of the 
point on the Fermi surface is determined by mathematical treatment of the data. The 
results are represented on a stereo graphic projection. The relation between the collision 
frequency measured experimentally and the electron-phonon interaction matrix element 
is analyzed. 

This research is devoted to the experimental investi
gation of the dependence of the electron-phonon colli
sion frequency in copper on the position of the electron 
on the Fermi surface. As initial data, we used the tem
perature dependences of the line amplitudes of the 
radio-frequency size effect on the closed trajectories 
for various directions of the magnetic field. 

As is known, the size-effect lines are produced by a 
comparatively narrow layer of orbits on the Fermi sur
face, located near the extremal orbit, and the line am
plitude is proportional to the number of electrons from 
this layer which pass without scattering from one side 
of the plate to the other. Therefore, the temperature 
dependence of each separate line gives electron-scatter
ing information averaged over the points lying along the 
corresponding extremal orbit on the Fermi surface. If 
the network of the investigated orbits covers the entire 
Fermi surface sufficiently densely, then a suitable 
mathematic procedure allows us to find the scattering 
probability as a function of the point on the surfaceYl 

Copper is one of the few metals for which this pro
gram can be carried out at the present time, since the 
mathematical treatment of the experimental results 
makes it necessary to specify the Fermi surface >II (k) 
= 0 of the metal in k space and the velocity v(k) distri
bution on it with sufficiently great accuracy. We have 
used in our calculations the parameters of the electron 
spectrum of copper which are given in the work of 
HalseY] 

The frequency of the electron-phonon collisions in 
copper for a whole series of points on the Fermi sur
face was recently measured by Doezema and Koch[3] by 
using the temperature dependence of the line shapes of 
the resonances on the magnetic surface levels. The 
agreement of our and their results serve as a confirma
tion of the correctness of both methods, which is im
portant, since the two methods were in fact used for the 
first time in a detailed study of the anisotropy of elec
tron-phonon scattering. 

THEORETICAL BASES OF THE METHOD 

The amplitude of the size-effect lines on closed 
trajectories is 

A(T) - [exp(nVeff/Q) -1]-', (1) 

where n = eH/mc is the cyclotron frequency (H is the 
magnetic field, e and m the charge and cyclotron mass 
of the electron), and the effective collision frequency is 
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the sum of the effective frequencies ilo of the collisions 
with impurities and other static defects and iI( T) with 
phonons: ileff = Vo + V(T). In principle, the frequency of 
electron-electron collisions also enters in v( T); how
ever, from the temperature dependence of v( T) in 
copper, measured by different methods in a number of 
researches[3-S1 (V~ T 3), it follows that collisions with 
phonons predominate in V for copper. If 1Tileff In » 1, 
so that the electron can make only a half revolution 
along its trajectory in the entire range of temperature 
studied, then Eq. (1) is materially simplified: 

A(T) -'exp(-nv/Q) 

and becomes very convenient for the measurement of 
V(T). 

(2) 

The fact that the argument of the exponential in (1) 
and (2) is expressed not in terms of the path length, as 
is customary, but in terms of II, is important in two 
ways. First, the scattering probability has a more ex
plicit phYSical meaning and it is more naturally com
pared with theory. Second (and this is the more im
portant), when this form is used, it is not necessary in 
the treatment of the results, to calculate the path length 
of the electron from one side of the plate to the other 
along the trajectory, but one can use the known values 
of the cyclotron masses. It is then more natural to use 
for H in the expression for n not the cutoff field, 
which corresponds to the left edge of the line, but the 
value of the field in that part of the line where the am
plitude A is measured, Le., the half-way between the 
characteristic extrema of the line. 

The main experimental result that must be compared 
with theory is the frequency of the electron-phonon 
collisions as a function of the point on the Fermi sur
face. We shall first analyze its connection with the 
parameters of electron-phonon interaction and with the 
quantity ii, measured in the experiments. The ampli
tude of the size-effect line reflects the change due to 
the collisions of the nonequilibrium increment Af of 
the electron distribution function. We choose a phonon 
with such a wave vector q and energy € that the 
collisions with it are allowed by the conservation laws. 
The changes Af at the point k are due both to the 
change in the number of departures from the state kin 
collisions with the phonon q: 

(3) 

and to the change, as a consequence of the Pauli princi-
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pIe, in the number of arrivals into the state k from the 
state k ± q: 

(here E is the initial energy of the electron, fE and 
q; E: are the distribution functions of the electrons and 
phonons; the two components in square brackets in (3) 
and (4) reflect the presence of two types of collisions: 
with absorption and with emission of phonons). 

(4) 

The total change in the number of particles, normal
ized to a single electron, is equal to(6) 

I'1N 1 
- - = -(I'1Ndep-I'1N arr ) - 2<jl, + 1 + iE" - iE-. "" <D (E, e). 

l'1i I'1f 

Inasmuch as the nonequilibrium increments to the func
tions q; E and fE are small, we have 

(e"+1)'(e'+1) E-Ep liqs. 
<D(E,e)= (e'-1)(e"+>+1)(e"-'+1) , a= kBT-' ~=-;;;r (5) 

(EF is the Fermi energy, kB the Boltzmann constant). 
The total frequency of collisions with phonons is 

v=_1_JM2 (k,q)<D(E e)6(E k .-Ek -e)d'q, (6) 
2n'fl 

where k' = k ± q, the Ii function guarantees the satis
faction of the conservation laws, and M2 is the square 
of the interaction matrix element. In the simplest 
model[7) 

M'(k, q) =liqI'12!2~s (7) 

(~ is the deformation-potential constant, s the speed 
of sound, IJ. the mass of a unit volume of the crystal). 

The expression (6) depends on the energy of the 
initial state of the electron. In such kinetic effects as 
the size effect, the increment ~f is proportional to 
afE) / aE, where fE) is the equilibrium distribution func
tion. This means that the nonequilibrium electrons of 
interest to us all have an energy within the limits of 
the thermal spread. In this interval, II changes little in 
comparison with its mean value, which allows us, by 
averaging the quantity II itself along the normal to the 
Fermi surface: 

v'(kF ) = j v (E) I'1f dE / j I'1fdE, (8) 
o 

To use the value II'" already averaged over the energy 
in the final expression for the line amplitude. 

Substituting Eqs. (5)-(7) in (8), and changing the 
order of integration, we obtain (under the assumption 
that the radius of curvature of the Fermi surface kF 
» kBT/tis, cfY) 

v'(k
F

) =_1_ 1'1'(k8T) , Joo x'exdx =3~(3) 1'1'(k.T)' (9) 
2n fl's"~v 0 (eX - 1) 2 n Ii's'~v ' 

where the !;; function !;;( 3) = 1.20, and v is the Fermi 
velocity. The subscript index F in the argument of the 
function 11* in (9) serves to emphasize the fact that now 
the argument takes on only values lying on the Fermi 
surface itself, since the averaging takes place along the 
normal to it. 

Actually, the deformation potential is a tensor 3: and 
enters in the matrix element in the form of the combina
tion 

where u is the deformation vector, and e is the unit 
vector of the phonon polarization. Replacing K by a 
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scalar and taking some average value s, we discard from 
M2(k, q) factors of the type of the square of the cosine 
between e and ~q; on the other hand, we integrate in 
(6) along one of the acoustic branches, in correspond
ence with the fact that, for a scalar ~, M2 = 0 for pho
nons with a purely transverse polarization. Therefore, 
the final result of the experiment, which is subject to 
comparison with theory, must be taken to be the colli
sion frequency 11* (kF) and not the scalar function 
~(kF) connected with it by Eq. (9). The meaning of the 
numerical coefficient in (9) is that it emphasizes that in 
calculations of 11* (kF) it is necessary to use the func
tion <I>(E, E) in the form (5) and to average (8) over the 
energy. 

In order to establish a connection between 1I*(kF) 
and the quantity v which enters in Eqs. (1) and (2), it is 
necessary to average 11* over states along the extremal 
orbit. Here, however, complications can arise, associ
ated with the effectiveness of the electron-phonon col
lisions in the size effect. When scattered by a thermal 
acoustic phonon, an electron is displaced along the 
Fermi surface by a distance qT I':> kBT/tis. This change 
in the wave vector of the electron is reflected in the 
line amplitude A, only in the case when qT is larger 
than the dimensions of the range of effecti veness on the 
Fermi surface, Le., the region in which ~f'" O. For the 
size effect on closed trajectories, the dimensions of the 
region vary along the extremal orbit: they are of the 
order (0/ d) kF (0 is the depth of the skin layer, d the 
thickness of the plate) wherever the electron moves 
along the normal to the surface of the plate, and of the 
order (0/ d)1!2kF where it moves along the surface it
seli.(9] 

If qT /kF > (0/ d)1/2, then any collision with a phonon 
makes the electron ineffecti ve. Then 

fl pV'dk 
~j=2:rtmJ ~ (10) 

j 

( v 1 is the proj ection of the velocity of the electron on 
the plane of the orbit and the index j denotes the set of 
data specifying the extremal orbit). In our experiments, 
however, the inequality 

(11) 

holds, so that the effectiveness of the collisions can 
change along the trajectory. In order to take this cir
cumstance into account, we have assumed, in purely 
model fashion, that averaging in (10) gives rise to an 
additional weighting factor 

(12) 

where Y is the angle between the electron velocity v 
and the normal to the surface of the sample. 

Thus, in experiments on the size effect, one can 
measure the quantity II for various orbits; Eq. (12) 
(or (10» allows us in principle to find the function 
1I*(kF) from them, making possible a comparison with 
theory. 

EXPERIMENT 

The amplitudes of the size-effect lines were meas
ured on plots of the deri vati ves of the magnetic field 
with respect to the real part of the surface impedance, 
aR/aH or a2R/aH2, in the frequency range 1-8 MHz 
(the modulation frequency of the magnetic field was 
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18 Hz). An autodyne generator was connected in a nega
tive feedback loop of the type proposed by Egorov.[10] 
This allowed us to carry out studies over a wide tem
perature interval at a practically constant sensiti vity 
of the recording circuit. Furthermore, the stabilization 
of the amplitude of oscillations made it possible to op
erate at low levels of generation (::'0.1 V), which 
guaranteed the absence of heating of the sample (rela
tive to the thermometer) by the induction currents. 

Measurements were carried out over the tempera
ture range 1.5-12°K. The coil of the generator, to
gether with the sample inserted in it, was located inside 
a copper vacuum-tight vessel filled with gaseous 
helium. The temperature was regulated by means of a 
bifilarly wound heater wire on the outer surface of the 
vessel. Thermal isolation of the vessel from the tank 
with liquid helium was accomplished by the use of a 
foam plastic covering, sealed with vacuum grease that 
hardened upon cooling. The temperature was deter
mined by measuring the resistance of a 100-ohm Allen
Bradley radio resistor with a power rating of 0.1 W. 
The thermometer was calibrated against the vapor 
pressure of liquid helium in the range 1.5-4.2°K and 
against the superconducting transition for lead; in the 
region of higher temperature, the calibration was ex
trapolated according to the formula , 

T-I= ~an(lgr)n. 

The accuracy achieved, which we estimate at ± 0.02°, 
appreciably exceeded that necessary for reduction of 
the measurements. 

Samples in the shape of plane parallel plates were 
cut from single-crystal bars. Five samples were used 
with the normal to the surface of the plate along the 
[100] aXiS, and eight samples with the normal along 
[110] (the angle between the corresponding axis and the 
normal did not exceed 1°). The first group of samples 
was prepared from copper which has a resistance ratio 
r293°K/Q.2°K of about 400 before annealing in 
oxygen and 7000 after annealing; the second was pre
pared from purer copper1) with a resistance ratio of 
7000 and 14000. The method of preparation of the sam
ples has been described in detail in a previous paper.[ll] 
Most of the measurements were carried out on samples 
of thickness 0.5-0.8 mm (the relative line widths here 
were 3-4%). The measurements of amplitude of the neck 
size-effect lines were made on very thin samples of 
0.2-0.35 mm (line widths about 8%). 

For amplitude measurements, it is important that 
the shape and width of the lines do not change through
out the entire temperature range. At the same time, it 
is known that under conditions when the electron returns 
many times to the skin layer, the skin-layer thickness 
15 and the width of the Size-effect line depend on the path 
length [.[12] All our measurements were made in a field 
H parallel to the surface of the sample, so that multiple 
reentries of electrons in the skin layer were possible in 
principle. Therefore, we checked the constancy of the 
shape and of the width of the lines in each series of 
measurements. Changes actually took place for the 
size-effect line from the central sections in thin (0.2-
0.3 mm) samples. There were no changes in thick sam
ples which, in addition to everything else, indicates the 
absence of multiple reentries and the applicability of 
Eq. (2). For the neck size-effect lines, samples of 
thickness 0.2-0.3 mm were thick enough. 
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A (T)/A(O) 

o 200 1000 12110 1~00 

T~ "K' 

FIG. I. Temperature dependences of the amplitude of the size effect 
lines on a sample of copper of thickness d = 0.53 mm with normal along 
the (100) axis. The frequency w/27r = 3.5 MHz. The numbers at the 
straight lines indicate the orbits in correspondence with the enumeration 
given in the table and in Fig. 2. 
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No. of 
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\;;/T'.10-., e' orbit O' , orbit 
deg. 'of~t' ·m/.r.~ sec-1oK-3 deg of orbit m/mo sec-1.OK-J 

" " S. 7 •• 0 1·· 0 t$ 1.370 3.13 .j 1.370 3.10 
8 2 5 !! 1.365 3.10 8 1.365 3.11 
/.J 3 'lD ::l 1.353 3.34 16 1.355 3.22 

0 10 g 4 15 1.351 3.46 50 1.402 2.16 tl 11 5 QO 

J 
1.365 3.61 55 1.385 202 

6 25 1.410 4.65 12 60 'E 1.400 257 
13 65 " 1.458 :) 48 

8 

14'''\ ~5 I I I 
I 

1.290 7.04 - 50 0.467 16.8 
15 55 0.46 22.4 
- 60 ~ 0.468 18.2 
- 65 0.500 017.8 
- 10 0.547 16.7 

/ .... / 55 I I ,1 I I 

*8 and «J are the spherical coordinates of the direction of the magnetic field 
(8 = a corresponds to H II [001], 8 = 90°, «J = a - H II (100). 

1.17 

"Orbits I and 7 are distinguished by points of tangency of the trajectory with 
the surface of the sample. 

"'Orbit 14 is known in the literature under the name "dog bone." 
•••• An open orbit, the effective mass for which is unknown; in the calculation 

of lilT', we have tentatively set m = mo. 

The anisotropy of the orbits with extremal dimen
sions in copper were studied in detail by the size ef
fect (13] and also by magnetoacoustic oscillations. [14] 
We used the results of these researches to identify the 
observed lines. 

Inasmuch as the temperature range in which the 
measurements were carried out was always sufficiently 
large (see, for example, Fig. 0, the determination of 
the power of T in the function iI( T) did not entail any 
difficulty. On all the orbits studied by us, the quantity 
il was undoubtedly proportional to T3. The results of 
the measurement of the coefficient of proportionality as 
a function of the pOSition of the orbit on the Fermi sur
face are shown in the table and in Fig. 2. The cyclotron 
masses in the (110) plane were taken from the work of 
Koch et al.YS] and in the (100) plane from our calcula
tions (see below). 

The results were averaged over a large number of 
values obtained with various samples and in various 
experiments. The scatter of the points about the mean 
value did not exceed 10%, which characterizes the ac
curacy of our measurements. 

According to Kamm's identification of the orbits [14] , 
one of the lines measured by us (group 8 in the (100) 
plane in the Kamm notation) belongs to an open orbit. 
Therefore a conditional value of iI is given in the table, 
computed under the assumption that the cyclotron mass 
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FIG. 2. Dependence of the collision frequency, averaged over the 
orbit, on the direction of the magnetic field. For convenience in the 
following discussion, the orbits were renumbered (see the table). The 
dashed line connects points obtained for orbits on the neck for various 
directions of H. See the text concerning the continuous lines near 
points 1·13. 

FIG. 3. Location of the studied orbits on the stereographic projection 
of the Fermi surface. The broken lines indicate orbits obtained for H in 
the {I DO} plane, the continuous lines - for H {lID}. The orbits I and 7 
are identical. 

is equal to the mass of the free electron mo. This point 
was not plotted in Fig. 2. 

Because of the cubic symmetry, all the phYSically 
different points of the Fermi surface of copper can be 
mapped on 1/48 of the stereographic surface of a sphere 
(the vicinity of the [111] direction is occupied by the 
neck). Then each orbit has the shape of a broken line. 
As is seen from Fig. 3, the orbits studied by us form a 
sufficiently dense net covering the entire Fermi surface, 
with the exception of the immediate vicinity of the neck. 

MATHEMATICAL TREATMENT OF 
THE RESULTS 

In order to transform the values obtained for Vj' i.e., 
to find the function 11* (k) from them, we used the 
following procedureY] Representing 1I*(k) in the form 
of a sum of test functions: 

, 
v' (k) = T' .E w,F, (k), (13) 

substituting this sum in (12), and calculating the inte
grals over the sections of the surface >J!( k) = 0 by 
means of a computer: 

_fi -'f" k'Fdcos 111 V'¥ Id£ 
2nmj (kV'¥) Ivl ' (14) 

o 

we reduce Eqs. (12) to a set of algebraic equations: 
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vj1"= .EaijWi, j=1,2, ... ,p; i=1,2, ... ,t, (15) 

in which the number of equations p is equal to the num
ber of experimental points used, and the number t of 
the unknowns is equal to the number of terms in the 
sum (13). Naturally, the functions Fi should have cubic 
symmetry, as does the desired function 11* (k), and the 
inequality t < p should hold, inasmuch as the computed 
coefficients aij and (especially) the experimental values 
ilj are known only with a certain accuracy. The solution 
of the overdetermined set (15) is found from the condi
tion of the minimum of the quadratic form: 

p 1 t z 

.E v;' (v j - T'.E a,;wi ) • 

l=d i~l 

When choosing the set of test functions, we must keep 
the following in mind. Even for accurately known Vj and 
aij, the problem has an infinite number of solutions. 
Actually, the function v* (k), which is a solution of the 
problem, can be measured arbitrarily at those parts of 
the Fermi surface through which our p contours do not 
pass (for example, in the vicinity of the point G in Fig. 
3), without spoiling Eqs. (12) here. It is natural that we 
must strive to find the simplest, smoothest solution 
from among all those which satisfy the experimental 
data. Therefore the test functions should oscillate as 
little as possible and their number should be as small 
as possible. 

This same limitation follows from other considera
tions. Let us assume that the aij are calculated with 
relative accuracy 1) = t.aij laij. Then we must have, 
for all j, 

,1.Vj' Vj 
-=T]~ lai,w,I~-. 
T' ~ 1" (16) 

i=l 

For each specific system of t test functions Fi, the 
inequality (16) means that the root (15) should not be so 
large in absolute value to make ilj in (15) a small dif
ference between large numbers. 

From the theoretical calculations of Nowak, [16] from 
the data of Doezema and Koch[3], and also from the 
preliminary analysis of our data, it follows that the de
sired function v*(k) has a very sharp maximum in the 
vicinity of the neck. In order not to increase the number 
of terms of the expansion (13), we have chosen to 
eliminate orbits 14 and 15, which pass through the neck, 
not to consider the function v*(k) obtained from (13) in 
the immediate vicinity of the neck, and to use the 
directly measured value il15 for v* on the neck (see the 
table). 

As the test functions Fi we used the first terms of 
the Fourier series 

F (k).E lakx naky mak, 
lnm = cos -- cos --cos--

2 2 2 
(17) 

(Z +n + m = 0,2,4, ... , a = 3.603.A, the sum is over 
the permutation of the indices x, y, z), the first terms 
of the series of cubic harmonics [17] Ki ( e, <p), and also 
combination of the functions (1,7) and the modulus of the 
radius vector (ki + ky + k~ )1/2. In both calculations, 
the number t of terms of the sum (13) did not exceed 
four. Even at t = 3, and the more so at t = 4, for any of 
the combinations of test functions given above, the re
sults are accurate within the limit 

6;= Iv;-T' ~ a"Wi I / Vj"; 10%. 
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FIG. 4. Anisotropy of the quantity v* in the {IOO} and {I 1O} planes. 
The shaded bands and the value of v* on the neck (denoted by the cross) 
are the results of our measurements. The points are the measurements of 
Doezema and Koch. [3) See the text concerning the continuous and dot
dash curves. 

The functions 11* (k) were naturally different each 
time, but the differences were comparati vely small, 
This is seen, for example, from Fig. 4, on the inter
sections of the function 11* (k) with the planes {100} and 
{110}. The region where the values of the functions 
1I*(k) fall for various functions Fi is shown shaded. 
The points refer to the results of Doezema and Koch[3], 
the crosses to the value of 11* obtained from our ex
perimental result (see the table) from Eq. (12) under 
the assumption that 11* and 11.1 do not change along the 
orbit at the neck: 11* = lTV15/2. 

In the neighborhood of the (110) direction, the 
shaded region encloses a region of negative values of 
11*. The fact is that the true value of 11* in this portion 
of the Fermi surface is much smaller than the mean 
value II~V. Therefore, the contribution of this region to 
the integrals (12) and (14) is very small and is com
parable with the inaccuracy of the calculations them
selves. The inaccuracy of the final results (the band
width) is approximately the same over the entire Fermi 
surface, and was found in this part to be greater than 
the value of the function itself. Thus, while we have 
artificially eliminated the region 11* (k) » 1I;ty (the 
vicinity of the neck) from consideration in the first 
stage of the calculation, the region 1I*(k) « lIiv itself 
drops out in the course of the calculation. 

To be able to estimate the role of the model weight
ing factor \ cos Y \ introduced in (12), we have drawn 
two curves of 1I*(k) for comparison, both obtained for 
the same functions Fi. One of them was calculated with 
account of \ cos Y \, Le., with Eq. (12) taken as the 
starting point; it is described by the formula 

v· / T' = (3.16-28.6Fllo - 6.65F200 + 36.6F",) . 10' sec-I °K-' (18) 

(the solid curve). The second was calculated without 
\ cos Y \, starting with formula (10) (the dot-dash curve). 
It is seen that the weighting factor leads mainly to a 
shift of the function 1I*(k) along the ordinate axis, with
out affecting the location of its extrema on the Fermi 
surface. 

For each of the obtained functions 1I*(k), we can use 
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FIG. 5. The function (18) v*(k)/T3 in units of 106 sec-I °K-3 for the 
Fermi surface of copper in stereographic projection. There are no reliable 
data in the shaded regions. 

Eq. (12) to construct the function V'( HI\ H \), which in 
our problem is essentially the initial function Oust this 
function was known at the p points). The result of such 
calculations for the function (18) at H rotating in the 
{100} and {110} planes, is shown by the solid curve in 
Fig. 2. A comparison of this curve with the experi
mental points 1-13 demonstrates the accuracy of the 
mathematical algorithm employed. The function (18), 
constructed over the entire Fermi surface, is shown in 
Fig. 5. With account of all that has been noted above, 
this drawing can be regarded as the basic experimental 
result of our research. 

DISCUSSION 

First, we should note the coincidence of our results 
with the results Of[5]. From the point of view of the dis
cussion of the correctness of our experiments, this 
agreement confirms the validity of the choice of the 
effecti veness weighting factor, introduced in (12). Our 
first experimental data-the values of IIj give in Fig. 2 
and in the table-agree with the values obtained from 
the cyclotron-resonance measurements of Hausler and 
Welles (points 1 and 15). It seems to us that this indi
cates that even in cyclotron resonance there is an un
equal effectiveness of the small-angle scattering along 
the larmor orbit. The width of the layer of resonating 
orbits in cyclotron resonance is determined by the de
pendence of the cyclotron mass m on kH. However, 
another usually smaller dimension of the region of ef
fecti veness, the dimension along the extremal orbit, is 
more important from the viewpoint of scattering effec
tiveness. As in the size effect, it is equal to ({j/R)kF 
whereever the electron moves along the normal to the 
surface of the metal and the scattering leads to a shift 
in the center of the trajectory along this same direction 
(R is the larmor radius). Where the electron moves 
along the surface and the scattering act involves only 
its phase or rotation, the dimension of the region of ef
fectiveness is equal to (6/R)1/2kF. 

Of course, the weighting function \ cos Y \ is not 
universal. Measurements of iI on copper at H II [100] 
were also performed in [5] by means of ultrasound damp
ing. Here a value of iI was obtained that was half the 
size of our result and the result of[4]. The same authors 
assume that the divergence is explained by the fact that 
the conditions for effecti veness in their experiments 
were satisfied with an insufficient margin. 

Reference was made above to the theoretical calcu
lations of the frequency of electron-phonon collisions in 
copper, carried out by Nowak(16) by means of a pseudo
potential taken from the augmented plane wave model. 
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Nowak[16j and Doezema and Koch[3] made a comparison 
of these calculations with experiment and noted their 
qualitative agreement with the anisotropies of the col
lision frequency v*(k) experimentally observed in[3], 
but in the presence of comparatively small quantitative 
di vergences: the experimental points were above the 
theoretical curve almost everywhere. In relation to the 
calculation of Nowak[16], there are some obscurities. 
First, the numerical coefficient (3/1r)s(3) "" 1.15 ob
tained by us in Eq. (9), is somewhat different from the 
coefficient (24/71T) t( 3) ~ 1.31 obtained by Nowak in[16] 
(see Eq. (9) there), although the course of reasoning is 
similar. Second, the results of the calculation shown in 
Figs. 4 and 5 of Nowak's work[16] do not agree with one 
another. In view of this fact, it seems to us somewhat 
premature to draw any definitive conclusions as to the 
significance of the quantitative divergences between 
theory and experiment. 

The authors are grateful to L. G. Fedyaeva and 
P. D. Mil'man for help and valued advice in the math
ematical calculations, to G. I. Kulesko and V. N. 
Matveev for help in preparation of the samples, to 
J. Le Hericy for supplying a single crystal of pure 
copper, and also M. Lee, who kindly sent some pre
liminary results of his calculations. 

l)This single crystal was grown by J. Le Hericy (Centre d'etudes de 
Chimie Metallurgique, France. 
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