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The relaxation times in the expressions for the absorption coefficients of various sounds in liquid
He® are determined. For this purpose, a kinetic equation with a collision integral is solved under
the assumption that the scattering cross section depends only on the collision angle of the quasi-
particles. The good agreement with the experimental data confirms this assumption. The calcula-
tions in a number of similar problems can thus be considerably simplified.

) SOUNDS of different types can propagate in a Fermi
 liquid. Besides the usual low-frequency sound propa-
gating in accordance with the laws of hydrodynamics, -
there exists in liquid He® various high-frequency
(zero) sounds(*!,

Sound absorption is determined from the solution of
a kinetic equation containing the collision integral I (n)

dt ~ dr dp dp or

If the collision integral is represented in the form
of ~6n/7 (the T-approximation), then it is possible to
obtain from the kinetic equation (1) formulas for the
absorption coefficients of the ordinary (w7 3> 1) and
zero (w7 > 1) sounds'®), The collision integral is
written in a form such that the kinetic equation (1) lead
to conservation laws for the number of excitations, for
the momentum, and for the energy. It turns out here
that the experimental data on sound absorption(®) are
satisfied only if the formulas for the absorption coef-
ficients of the ordinary and zero sounds contain differ-
ent values of T. )

The value of 7 in the high-frequency region can be
determined by solving the kinetic equation (1) with a
linearized collision integral I; (n) and comparing the
resultant absorption coefficient with the corresponding
limiting value, calculated in the T-approximation for
the collision integral.

In the Landau theory, the interaction of the quasi-
particles is described by a function F(yx), which we do
not know in détail. From different experimental data
we can determine only the first few coefficients of the
expansion of this function in Legendre polynomials.
For the case when only the first two such coefficients
are known, using an expression for a linearized colli-
sion integral, in which integration of the energy is
carried out, we can rewrite (1) in the form®

OFq 0n 0%, OV Y Sy, (1)

’

daQ
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where s = w/kv, t =(e — u)/T, and m* = 3.1 mye3 at
a pressure 0.28 atm. In this transformation, in accord-
ance with the paper of Abrikosov and Khalatnikov,[?] it

Dwe use here the notation of Abrikosov aﬂd Khalatnikov [?]
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is assumed that the function v, which characterizes
the deviation of the quasiparticle distribution function
from the equilibrium distribution function n,, does not
depend on the energy:

’ an
on(p)= a—e“ v(6,9):

The angles 6 and ¢ characterize the direction of the
particle momentum. .

The cross section of quasiparticle scattering near
the Fermi surface depends on two angles: on the
quasiparticle collision.angle 6 and on the angle of
rotation of the plane in which the collision takes place
@. The quantity W(6, ¢) can be represented in the
form ;

W (8, @) = % {ar1 (6, 9)* + ay, (6, 9%}, (3)

where ayt(6, ¢) and ay (6, ¢) are the scattering am-
plitudes for the case when the colliding quasiparticles
have respectively parallel and antiparallel spins.

It is possible to simplify the calculation greatly by
assuming that the quasiparticle scattering cross sec-
tion depends only on the quasiparticle collision angle.
In this case, the corresponding scattering amplitudes
turn out to be connected by a simple relation with the
expansion coefficients of the function F(8)%), We then

il o 243 1
W () = 5ot (O a1, 071, a1 0) = 22 {(Bo+ £-C:)

+ (B, + % Cl)cose} ,
a1y O) = 2o {(Ba— 7 C) + (B~ C1)eos ).
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The quantities Fo, F1, and Z, are determined from
the experimental values of the speed of sound, the spe-
cific heat, and the magnetic susceptibility. The coeffi-
cient Z, is chosen such as to satisfy the Pauli princi-
ple a(0) = 0. The latest experimental datal*] yield

for these coefficients the following values (at a pres-

sure 0.28 atm)
Fo=10.77, F\= 6,25, Zo= —2.66, Z — —2.89.

The value of 7 for the case w7 K 1 (which we de-
note by 7o) can be determined in the following manner
manner!?), Since the sound propagates in this case in
accordance with the laws of hydrodynamics, the ab-
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sorption coefficient determined by solving the kinetic
equation in the 7T-approximation should coincide ex-
actly with the value obtained from the hydrodyramics
formulas. This makes it possible to determine 7o in
terms of the viscosity coefficient 7:
5n

=TT T (5)
where p is the particle density (p = 8.268 x 107% g/cm®
at 0.28 atm), and v is the speed of sound.

In turn, the viscosity coefficient is determined by
solving the kinetic equation with a linearized collision -
integral, and its value in our approximation for
w(e) is® X

n

16 m e [ & sin 0 sint(0/2) dO i :]*‘
- — W S A\ sintgd .
"= 5 O — G2 2x 05 SEEYER (6)

Substituting the value of the Fermi velocity vp
=53.8 m/sec and the limiting Fermi momentum po/h
=7.88 x 107 cm™, we obtain '

% — 2.31-10-5 poise-deg®’
1l = 1.56-10-» sec-deg®

The experimental value for 7o%! agrees with the cal-
culated value: . .

Toexy T7 = 1.48-10-12 se_pdégz

The experimental value of the viscosity!®!
Texp T2 = 2.8-1078 poise-deg®

which was measured with-an appreciable error, is
apparently too high®); and a more accurate value of the
coefficient of viscosity is determined from the results
of experiments on sound absorption®l;

Nexp % = 2.3-1078 poise-deg”

Thus, for ordinary sound (w7 < 1), the assumption
that the quasiparticle scattering cross séction depends
only on the quasiparticle collision angle is satisfied
with sufficient accuracy. : .

To investigate the other limiting case (wr > 1), we
shall solve the kinetic equation (2) by iteration. The .
collision integral is proportional to 1/wT, and there-
fore we can take as the zero-th approximation for v
the solution in the absence of the collision integral

1 . cos? o
-———'X'—Fwi, - (1)
3 s—cosy

where vo =7, v, = 3v cos x (the superior bar denotes
averaging over the solid angle). We substitute (7) in
the collision integral in (2). For all vj in the collision.
- integral, the corresponding angles yj are expressed by
means of Euler’s formulas in terms of the angles 6,

@, and @.

In such a calculation scheme, the iterations are
carried out in powers of 1/wT, so that this scheme is
suitable for the investigation of the absorption of zero
sound (w7 3> 1). Integrating over the angle ¢ in the
collision integral (¢. characterizes the direction of
the collision momentum p, + Pz in.our coordinate sys-
tem), we obtain the following equation for v:

1 costy
FDV0+“Z -_'_“_—Flvi
3 s—cosy

cos %
y =
§— oSy
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where '

- R = (s — cos 0 cos x)? — sin*B sin? x,

R = (s — cos ' cos x)* — sin? 0" sin? %,

0 9
cos 0’ = cosz—z— — sin? —zc:mp.

As a result of the first iteration, a term that de-
pends quadratically on t = (e — p)/T appeared in the
expression for v. Since the collision integral was
simplified in the initial equation (2) under the assump-
tion that v is independent of t, it is impo&sible to use
this equation directly for the subsequent iteratioms.

_The appearance of a'dependence on t in formula (8)
denotes that while the rate of propagation of the mon-
equilibrium addition to the distribution function does
not depend on t, the imaginary part of the velocity, in
other words the ahsorption coefficient, does depend on
t. This means-that the form of this non-equilibrium
addition changes as the sound wave propagates. But we
are interested actually in the density oscillations. We
shall therefore integrate equation (8) over the energies
(which, of course, are multiplied by 9no/8¢€): ‘

Defining the quantities po and pi, with the dimen-
sion of density, by means of )

; ong N\ dno > -
Pu—<§E?u/: P =\ T V.l ) 9)

where the angle brackets denote integration over the
energy, we obtain for these quantities- from (8) the
following system of equations no

.

' nd

a3
12p02ﬁ0) 015y

SR 1 1
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1 1 1 1 .
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3
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ke ot Uy SEAET — dp) s 10
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) s s4-1
=1 —1
S YT
10, Tt 1 1 2 6 i
@y = -— S dxg d0 ‘\ (I@(——*%—‘:u—_:)sin——u-—ﬂi#
22 S s—cosy YR VR 2 s—cosy

0
*(9.595 + 14..992 cos 0 4+ 10.047 cos*0),

A E LT 1 1 8
a2=—-—\ dy, Sdu S(kp(ﬂ +—=——= )Sln—-—slnx
2 . G s—cosy YR TR a2 -

%(9.595 4 14.992 cos 0 + 10.047 cos?8).

From the condition that the system (10) have a solu-
tion, we obtain

F, . 1 Iim*nd 2[ ( Fy )
— — W) — —_ —— F —
14 3 )(1 wky) — wstFy i Topethio 52 | aaFol 1+ 3

+ 52y — uzsl"g] . (1 1)
When wT — = we obtain
Fy . cyns ; (12)
(1+_.§) (1—w}<0)—ws_2Fiﬁ0.
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" In order to find the absorption in the case wt > 1, we
write : ) .
s=s+ & & <50
and determine £ from (11). In this case the quantity s,

is determined from (12). A numerical solution of (12)
yields!® so =3.597 and w(s,) = 0.027033. Since .s,
=u/VvF, this value of ‘s, makes it possible to determine
the rate of propagation of zero sound in the Fermi
liquid. The value-u = 193.5 m/sec is'in good agree-
_ment with the experlmental value!®] uexp =194.4

" m/sec.

: It is easy to verlfy that the coefficient a;(s) = 0.
The coefficient al(s) for the case s > 1 can be cal-
,Culated with any.degree of accuracy by expanding

- 1/(s - cosy) in’ powers of 1/s. Then £ is expressed

in terms of a,(s) by means of the following formula:

Bse2m T2 A

t= T e wter (:1- 5 )a far (1+9)
x(ﬁi'—:;ﬂ%l)*gsow:(so)ﬂ }_‘. 13)

The absorptlon coefhclent is. determmed as the imagi-
nary part of the wave vector .

o _ “om* A]2 1 iy 4
YIS ot (s (1+F >‘“(S°){w<?o>"<1
Fyyr_ sy w(so) 41 A
Ty Xso e >_250u’(~o)rt} (14)

The absorption coefficient of the zero sound obtained .
from the solution of the kinetic equation in the T-ap-
proximation, is of the form'?!

i [

;)(1+w('so))——s;)w(so)(F,—(—})] ‘
.x{"w(iso) <1 4—.53{)(.30'—'81 1 w(%)+ ! ) = 250“’(80)1‘1] } . (15)

We denote the value of 7 in the case wT >1 by
. Comparing (14) and (15) we obtain an expression
for q s ' %
_ 12porrh so/ (502 — 1)— 3ot (59) —
CT . ’ NEAEHES

(w(s‘?)+1)2/sﬂ . (16)
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The coefficient «,(3.597) is calculated with sufficient
accuracy by using the first four terms of the expansion
of 1/(s - cos x)

04(3.597) = (3.75 + 0.07) - 10—;

this yields for the time 7., the value
' T2 = (1.7 + 0.02) -10-% sec-deg?

The experimental value for 7., is(®)

Too exp 2= 141012 SeC“degz

Recognizing that the difference between the ‘‘low-
frequency’’ 7, and the ‘‘high-frequency’’ To amounts
to 30%, the agreement can be regarded as very good.
This justifies the assumption that-the quasiparticle
scattering cross section depends only on the collision
angle. This conclusion is also of more general interest,
since the model consxdered here makes it possmle
to sxmphfy the calculations greatly, and on the other .
hand, owing to thé connection between the scattering
amphtude and the function F(6), it makes it possible
to decrease the number of unknown numerical’ parame-
ters.
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