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In connection with the difficulties of integrating the Boltzmann equation in the
problem of the absorption of ultrasound by the electrons of a metal, the collision
integral is usually approximated by the m-approximation. This means that the
collision integral is replaced by the expression

(fo=H/m (1)

where 7 is the relaxation time; f, is the locally equilibrium electron distribution
function (for example, the Fermi function) and has the form

h([FV-0r=cen]/T@n). @

Here m is the electron mass; U(r,t), £(r,t), and T'(r,t) are the local values of
the lattice velocity, the chemical potential of the electrons, and their tempera-
ture, respectively. Such an approximation of the collision integral leads to the
following formula for the dissipation of ultrasound energy (1)

1 o Nogm S
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here jj, = eoNpo U™; Njy; and Ny, are the mean density of electrons and ions; ey
is the ion charge; V is the local macroscopic velocity of the electrons; E is the
intensity of the self-consistent electric field.

At low temperatures in a strong magnetic field H, when A2 > T and Q7 > 1
(Q is the cyclotron frequency of the electrons, and 7 is their relaxation time),
quantization of the orbital motion of the electrons becomes significant. Under
these conditions the Boltzmann kinetic equation is inapplicable, and the state
of the electrons should be described by the density matrix p. Naturally, in the
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T-approximation, in the right-hand side of the equation of motion for p one
should write an expression analogous to (1); then

O s N =) H=(P—2A) famtcp ()

Just as in the classical theory, here p must relax to the locally equilibrium
operator py, defined by the formula

Bo = Po ({ [(P - %A - mUﬂ [2m + ey — f(r,t)] ,Tl(r,t)}+> . (5)

where A = A,+A’; A, is the vector potential of the constant magnetic field; A’
and ¢ are the electromagnetic potentials of the self-consistent field; {4, B}, =

(AB + BA) /2. We note that the inclusion of the scalar potential ¢ in 5, leads
to a change of the chemical potential £(r,¢) in such a way that the quantity
(e — &(r,t)) entering into (5) does not depend on ¢ (2). It is precisely for this
reason that equation (4) proves to be invariant under a gauge transformation.

transformations of the electromagnetic potentials. In what follows it is conve-
nient to use the calibration of the potentials ¢ = 0, H=rot A, E = —1A; in

c
this case the field equations have the form

dr 0 (1 .. . .
rotrot E = — 25 (EE —|—J) , divE = 4m(ey Ny + e, N,) (6)
(eqN; and e, N, are the charge densities of the electrons and ions, respectively).

If the dependence of the temperature on coordinates and time is neglected, then,
with the chosen calibration, instead of (5) we obtain

fo=ro (| (P~ La-m0) pam—sto] 7). @)

where we shall take &(r,t) = £ + d¢(x, t).

In calculating the dissipation of ultrasonic energy it is necessary to know
the forces acting on the lattice when its interaction with the electrons
is taken into account. There will be two such forces: the Lorentz force
F, = e;Ny, (E+ 1[U x H]) and the force F,,, caused by collisions of the
electrons with the lattice. To calculate F;, one must multiply (p, — p)/7 by
the electron momentum-density operator m{v, N,} (¥ is the electron velocity
operator, and ]\71 is the density operator) and take the trace. In the linear
approximation in U, A’ 6¢, we find
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m . m
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Oe)

The Fourier components j© and j°¢) are expressed by the formulas

j(E) =€ Z pVV/VU/V = 61N01V7 (9)

.(0e) _ @ €1 Pov’ Pov v () (8) A mc 1
Ja (CTdﬁ + — Eu’ _E Vl/y’ Vu’u) < B + e, U5> ’ ( O)
o 1 , o 2N,
VLED/) = 5 <V |6quva + ,Uaezqr| I/> ’ Op = elm01 T (11)

v) and E, are determined by the equations
14

(h—240) fomp) =B, (12

—1

Poy = {exp (Eny 5) + 1} . (13)

The equation of motion of the lattice will have the form

. 0 82uj
MNy,U; — )‘ikljm = (Fg); + (FL); (14)

(A, ; 18 the tensor of the elastic moduli of the lattice without taking into account
its interaction with the electrons; M N, is the density of matter).

From (14) there follows the formula for the dissipation of ultrasonic energy
1 N,m .. m .
= —-Re | Ej; — 2 —(V-U)U* + —jU"|. 15
@ =g he By, "LV -0 4 (15)

In works (3), in order to calculate the coefficient of absorption of ultrasound
in a quantizing magnetic field, formula (3) was used with the replacement of
classical quantities by quantum ones. With such a generalization, (3) could not

the last term in (15), which vanishes in the classical limit but plays an essential
role in the quantum case, must be taken into account. It is now not difficult
to find the ultrasound absorption coefficient I'(w,¢). First, by means of the
normalization condition N, = sp(p,, N;) and the continuity equation e, N, +

sovietrxiv.org/items/ru-196701.96961 Machine Translation


https://sovietrxiv.org/items/ru-196701.96961

div j'¢) = 0, we express 6¢(r,t) in terms of 4. Then we integrate equation (4),
in the linear approximation in U, A’, §¢. Using these results and (9), we find
the expression for the electron charge-current density:

Jg}) {maﬂE5+aa6 (E,@“r UB)}O.O’ (16)

where

/7 /=
Mos = DoyMog, Tap = Day0yp; Dow 8 = Oap
o R
D71 -5 o__ -0 m g 5
op = Oap T iw e3(1 + itw) (Mo 0o )4,

e Pov’ — Po (B
TgMaps = — 045 Z;Z 4 VV< )V V>,

V

e1 Pov’ — Pov Wt *(r) 1 7(3)
E Vo,V 17
90%ap = iw < E, — ) 1+ir(w—w,,) Y'Y vV (17)

-1
Ro:< ZpOV pOVI ) 7

L, =Wl  w, =(E, —E,)/h
The electromagnetic-field equation (6) makes it possible to express E in terms
of U:

_ €3 Nopo €2N02

Ea = waﬁUﬁ =

o o 2B (B,,, + My, +04,) 05— 0,505 (18)

The tensor B3, in a coordinate system with the X-axis directed along the wave
vector q, has the form

—y 0 0 we? v N2
Bag = 0 i3 0], B= Iro02’ v=8 (f) ) (19)
0 0 i 0%s

where v, is the sound velocity.
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Next, @ can be expressed, using (16), (17), in terms of U,. Dividing Q by
(v,Ngo M |U|?/2), we find the sound absorption coefficient

eam [ 1 e - ]
b= éﬂ (W) Re {Ua [(Gay + Bay + s )y + i) Uﬁ} (20
where U: = U;/|U\
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