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Abstract—The response of an electron system to nonuniform heating of layered conductors with an arbitrary
quasi-two-dimensional electron energy spectrum in a strong magnetic field B is investigated theoretically in
the case when cyclotron frequency ®, is much higher than the frequency 1/7 of collisions between charge car-
riers. In the case of a multisheet Fermi surface (FS), we calculate the dependence of the thermoelectric coef-
ficients on the magnitude and orientation of the magnetic field in the vicinity of the Lifshitz topological tran-
sition when the FS connectivity changes under the action of an external force (e.g., pressure) on the conduc-
tor. Upon a decrease in the spacing between individual pockets (sheets) of the FS, conduction electrons can
tunnel as a result of the magnetic breakdown from one FS sheet to another; their motion over magnetic-
breakdown trajectories becomes complicated and entangled. The thermoelectric field exhibits a peculiar
dependence on the magnetic field: for a noticeable deviation of vector B from the normal through angle ¥ to
the layers, the thermoelectric field oscillates as a function of tan®}. The period of these oscillations contains

important information on the distance between individual FS sheets and their corrugation.
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The energy spectrum of elementary excitations in
crystals contains a number of critical values of energy
€, at which the topological structure (connectivity) of
constant-energy energy surfaces €(p) = const changes.
At low temperatures 7, thermodynamic and kinetic
characteristics of the conduction electron system in
degenerate conductors mainly depend on the struc-
ture of the Fermi surface (FS), €(p) = €, to within
small corrections proportional to (7/g)?. Although
critical energy levels €, are separated considerably
from the Fermi level as a rule, the electronic topolog-
ical transition in degenerate conductors can still be
clearly observed when the chemical potential i of con-
duction gradually can be varied continuously by grad-
ually bringing it to €, (for example, by applying a high
pressure or by doping the conductor with impurity
atoms). This topological transition predicted by Lif-
shitz [2] was soon observed and thoroughly investi-
gated experimentally for many metals and alloys in the
normal and superconducting states [3—21]. Detailed
information on these experiments can be found in
Supplement to I.M. Lifshitz works written by Zavar-
itskii [22]. During last three decades, the interest in
experimental investigations of the electronic topologi-

cal transition was switched to MIS, nanostructures,
and other low-dimensional current-conducting sys-
tems. The interest in such research persists even now.
It turned out that the Lifshitz topological electronic
transitions can be detected most simply and reliably
using thermoelectric phenomena. We consider the
linear response of the electron system of a layered con-
ductor to a perturbation by electric field E and tem-
perature gradient d7/0r in the vicinity of the electronic
topological transition in the case when upon the con-
vergence of individual FS pockets (sheets), conduc-
tion electrons can roam over various FS pockets. Fol-
lowing [23], we assume that a quasi-2D electron
energy spectrum of a layered conductor

anp,

P +oc,,<px,py)), (1)

e(p) = an(px,py)COS(
n=0

gn(_pxﬂ_py) = 8n(pxapy)n
O(’n(_pxn_py) = _an(px,py)

is arbitrary and its FS consists of topologically differ-
ent elements in the form of cylinders and planar sheets
weakly corrugated along momentum projection p, =

(2)
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n - p onto normal n to the layers. For definiteness, we
direct the p, axis orthogonally to quasi-2D FS sheets.

Here, a is the distance between the layers, 7 is the
Planck constant, and ¢,(p,, p,) and o(p,, p,) are arbi-
trary functions of their arguments such that all func-
tions €,(p,, p,) with n # 0 are much smaller than
€y(px> py) because the electron velocity

Z €,(Ps> D))

XSin{% + a‘n(vapy)} < nVF

(3)

along the normal to the layers is much smaller than the
characteristic Fermi velocity vfor an electron moving
along the layers. In low-dimensional complexes of
organic origin, parameter 1 of quasi-two-dimension-
ality of the electron energy spectrum is on the order of
102, which facilitates the clearest manifestation of
oscillatory effects in low-dimensional conductors.

We can determine electric current density
Ji=0,E; —0;0T/0x; 4)
and heat flux
q; =B;E; —x;9T/0x, ®)

by solving the kinetic equation for the charge carrier
distribution function

S.0) = fy(e) - (¢ - uw) 3y (&)

T o€
{eE y_E=H oT (8¢_(€—_ua;p)af0(£)} ©)
T A ar ot T 0t/ oe
=W{f(p.r)—- fi(®)}.
Here,

£y =1+ exp® ;“)_l

is the equilibrium Fermi distribution function for con-
duction electrons and 7 is the temperature in energy
units. For variables in the momentum space, we are
using the integrals of motion of a charge in magnetic
field B and time 7 of its motion in trajectory € = const
and pp, = p - B/B = const. On the left-hand side of
kinetic equation (6), we have omitted the terms qua-
dratic in the weak perturbation of the electron system.

In the same approximation, collision integral W is the
sum of two linear operators acting on sought functions
0 and .

We must seek the solution to Eq. (6) in the space of

the eigenfunctions of integral operator W . The relax-
ation time in the system of charge carriers is equal to
the reciprocal of the smallest eigenvalue of the colli-
sion operator, the relaxation times T and T, in the
direction of momenta and in energies being essentially
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different. These times are approximately identical only
at very low temperatures at which charge carriers are
scattered mainly by impurity atoms and other crystal
lattice defects. However, upon an increase in tempera-
ture, the additional mechanism of electron scattering
from thermal vibrations of ions in the crystal becomes
operative, leading to different temperature depen-
dences of relaxation times T, and 7T in the temperature
range below the Debye temperature 7',. If we disregard
numerical factors on the order of unity, it is expedient
to use the T approximation for the collision integral.
Then kinetic equation (6) can be written as the system
of two first-order ordinary differential equations

@+9=eE~v, (7)
or 1

a_WJrE 9T (8)
or T, ar

Using these equations and

(])(t)—J.a’teE v(texpi=! + ex p—¢(x +0).(9)

1

y(r) = .[dt'v(t')(aa_f) expt'r;t

A (10)

+exp—1—o A - w(?» +0)

we obtain the electric current density

__[2eB @,
) ornye e 3P
T (11)
_E-H
x { dtev,-(t)[d)(t) . w(t)}
and heat flux
_ _[_2B afo(e) dp,
7 Qnn)’® c I
T (12)

[ dtte — v, 0| 000 - =y |
0

Here, e, v, and T} are the charge, velocity, and period
of motion of conduction electrons in trajectory €(p) =
const, pp = const; ¢ is the velocity of light, and 7 is the
Planck constant.

Functions ¢(A, + 0) and y(A, + 0) describe a com-
plex motion of charge carriers in magnetic-breakdown
trajectories with magnetic breakdown probability w in
region A and probability w' in region B of convergence
of individual FS pockets at instants A;, A,, A5, A4,
where A, is the closest to ¢ instant of an electron tran-
sition from one FS sheet to another with the conserva-
tion of integral of motion pg, and A, > A, ., (see
Vol. 123
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Fig. 1). For example, the nonequilibrium part of the
electron distribution function in FS sheet [ after a
magnetic breakdown in the vicinity of point 4,

A
oA, +0) = j dtexpﬂ(eE -v(1)), (13)
T

is connected with the electron distribution function
®,(A, + 0) in the same channel prior to the magnetic
breakdown by the following relation:

01X +0) = (L= w)d (A = 0) + wh(A; —0).  (14)
Function (]),-(kj — 0) before the magnetic breakdown at
instant A, is connected with function ¢,(A; | + 0) after

the magnetic breakdown at an earlier instant 7\.j +1 by
the following simple relation:

q)i(?\'j -0)=4+ eXp[Mj%(?\jﬂ +0), (15)
T

where
I
¢ Ty
A = dt J E - vt .
, Aj exp—(¢E V() 16
i=123,4

is the energy acquired by a conduction electron in the
electric field during its motion over the ith FS sheet
over time (A; — A; . ;) between two magnetic break-
down events, which is equal to 7; for electrons on pla-
nar FS sheets 7/ and 3 and to 7" on arcs 2 and 4 of the
closed cross section of the corrugated cylinder. To
within small corrections proportional to parameter 1,
time 7T, of the quasi-periodic motion of charge carriers
in the magnetic field on FS sheets / and 3 is indepen-
dent of A, In the same approximation in the small
quasi-two-dimensionality parameter 1 of the electron
energy spectrum, functions A4; are identical for any
value of 2.

Taking into account relations (14) and (15), we can
write the relation connecting function ¢,(A, + 0) with
functions ¢, and ¢, at an earlier instant A, in the form

O (A +0) =0, + (A, +0) + g0r(A, +0).  (17)
Analogously, at earlier instants A,, A5, A4, and As, we
obtain

0r(Ay +0) = Oy + 1" O4(hs + 0) + g105(A5 + 0), (18)
O3(hs +0) = 05 + Ids(Ay +0) + &' 04(hy +0), (19)
04(hy +0) = Q) + h,(As + 0) + g,0,(hs +0),  (20)

O(As +0) = Q) + (g +0) + g0,(Ag +0).  (21)
Here,
O =(10-wAd +wd,, 0O,=(10-wA,+wA,
O, =(0-wHA;+w' Ay, (22)

Oy =(1=wHA, + w' A4;,
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(a) (b)

Dx

Fig. 1. Projection of electron trajectories onto the p,p,
plane (a) and in a magnetic field tilted from this plane (b).

h = (I—W)exp(—ﬁj,
T

K - oo 1)
T

(3) =
I =WEXp|—— |, & =WEXp|—— |,
T T (23)

h=0- w)exp(—T?'),

h':(l—w')exp(—l),
T

g= wexp(—L), g'= w'exp(—z).
T T

It can easily be seen that relation (21) differs from (17)
only in the earlier instant of magnetic breakdown.
Continuing the recurrent relations, we proceed to the
remote past because the sought functions on the right-
hand sides of the equations for each recurrence
acquire factors smaller than unity and become
infinitely small after multiple recurrence. As a result,
functions ¢,; on the left-hand side of Egs. (17)—(20)
can be represented by an infinite series of terms pro-
portional to 4;, which form a geometrical progression
that can easily be summed.

Using recurrent relations for Egs. (17) and (19), we
obtain

0.0+ 0 = Lt Y Hg0s a0 2
- n=0

050, +0) = IQ—3h, £ g 0s 0y +0). (25)
- n=0

Using relation (20) for function ¢,, we can find the
relation between function ¢;(A; + 0) and functions ¢,
at different instants A,,:

No. 6
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0;
1—h

£18'0
(A—-h)A-h)

+> ()" 8" hyy(Nyj +0)

n=0
+ Z (hl')nhlkglgg'h¢2(7bn+k+j+4 +0).

n,k=0

Using relations (24)—(26), we obtain the following
functional equation for function 0,(A, + 0):

Or(hy +0) = hh"Gy(hy +0) + O, + 1" O,
0, 818'0 +g'Q2

+
1—h1 A-h)A=h) 1-h

+g'Q2

¢3(}\'j+0)= ,

+

(26)

+h'g, ﬁ + > ()" ghds(hyyjr +0)  (27)
- n=0

+h' g Y h'gdr (N iz + 0)

n=0

+ D (1)"h 888" 81hds(Myrpjua + 0.
n,k=0

Applying the recurrent transformation to Eq. (27), we
acquire additional summation over powers of parame-
ter hh'. As aresult, the functional equation for function
$,(A; + 0) assumes the final form for any initial mag-
netic breakdown instant kj,

(08 + O, (1-h)I(W'A-h)+ g'g)
(1= hh" YA =h)(1-Hh)

1081 + 0, = h)] (1= hy)
(L= hh')(A =)A= hy)

d,(A; +0) =

(28)
+ Lo, ),

where

Loy (A, +0)

D )" ()" k2188 §1h0yMpscsmaro + 0)

n,k,m=0

=~ , . 29
+ Z (hh")"(h)" &' gihdr(M s mer + 0) @)

n,m=0

+ 3 (hh)"h'h' 8,805 (K s +0).
n,m=0
The solution to this equation is a geometrical progres-
sion with ratio g equal to the eigenvalue of linear oper-

ator Loy = gy,

g =88 88 + &g W—h)+ggih'I=h) (5

(1= hh" YA =) (1= hy)
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Summing the progression with allowance for rela-
tions (22) and (23), we obtain the following relation
for ¢,(A; + 0):

oA, +0)
AW+ ) + A= 1) + 71w A= 7) + 1)
2ww (YY) + 0+ WO + 27 + 27y (31)
[A3W A+y)+A4,w'Ad=y)+YvD)IW+y)A+7Y)
2ww'(Y+ 1Y)+ W+ whhy (v +27) + 2'Y'Y1
where y=exp(7"'/t) — 1 and 7y, = exp(7}/7) — 1.
Using relations (20)—(24), we obtain

0k, +0) = LV 11— )+ wAy)
w + ’Yl

(32)
Y —,(h; +0),
+Y
d5(h, +0) = 1T th (0=
(33)
¢4(}\'j +0),
Y1

2,00, +0)
(1= W)A, + wA,}.

OqA; +0)=0y(A; +0)+ A, + 4, -

w+Y,;

It can easily be seen that function ¢2(7\7 + 0) for small y
and v, in inversely proportional to (y + 7;), and all
terms in formula (34) except the first are small correc-
tions to it for (Y +v,) < L.

Using relations (9)—(12) and (31)—(34) for an arbi-
trary orientation of magnetic field B = (Bcos@sint,
Bsin@sin®, Bcos®), we can determine all kinetic coef-
ficients of the conductor; in particular, the electrical
conductivity tensor has the form

4 T
2¢’B
Gi' = d dt i t
W= | p% { V() .
J.dt expl—! Ly ot p3)+eka uy (A, pp)p,

M

where eE - u, (A, pp) = O, (A, +0, pp), and k is the index
of summation over all regions of the magnetic-break-
down trajectory of charge carriers, k= 1,2, 3,4; T, =
Tivand T,=T,=T.

To within small corrections proportional to (7/L)>,
we obtain the following expressions for the thermo-
electric coefficients:

2 do.
B, = L2 2%, (36)
3e du
Vol. 123 No. 6 2016
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_n Tdc,-,-(lu)’

o (37)
Y 3¢ du

where tensor G;j(u) coincides with tensor o,(1) if elec-

tron relaxation time 7T in the directions of the momen-

tum in it is replaced by the electron energy relaxation

time T,.

Analogously, we can write the thermal conductivity
tensor components:

I PN RO/ P i 38
Xy = =[ oy @) SIS Bde = 510w, (38)
It is undoubtedly interesting to consider the case of a
long mean free path of conduction electrons or a
strong magnetic field, when the values of quantities y
and vy, (which are approximately of the same order of
magnitude) are so small that it is sufficient to confine
analysis to the asymptotic approximation for Kinetic
coefficients w > yand w' > v,. In this approximations,
functions ¢,(A; + 0) assume the form

A +A,+ A3+ A,

02(A; +0) =04 ; +0) = , (39
2y+v)
(1)1(7»1+0)=(1_W)A1+AI+A2+A3+A4, (40)
2y+v)
' 2+

The first terms on the right-hand sides of asymptotic
formulas (40) and (41) are much smaller than the last
terms, and a conduction electron “visits” all channels
of the magnetic-breakdown trajectory with the same
probability; in other words, in each occasion of a mag-
netic breakdown, the electron as if necessarily passes
to another FS sheet (see Fig. 2) and performs periodic
motion with period 2(7, + T').

The asymptotic expressions for 6,(¢) and 0':-]-(8)
have the form

3 td
G;j(S) — 2e B3 DB
c2nhy’ ? AT +T))
Xy +via)+T'(Vip +vig)} (42)
XT(vy+vy)+T (v +vg),
3
oy(e) = 2B [ Tedbs
crh)’* AT +T))
XT(viy +vi)+ T (Vi +vi)} (43)

XL +va)+T (v + v}

and can be readily used for calculating the thermo-
electric field generated by the temperature gradient in
the absence of current leads:
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3

Fig. 2. Projection of electron trajectories onto the PPy
plane in a magnetic field.

90, (W T
ou axj.

T
! 3e
The main contribution to the thermoelectric field
along the normal to the layers,

(44)

ik

p_TT, dWar
3¢ T dp ox, 43)
T doyw) do,w|ar
+TC3 Pex An + 2y s a_
e du du | dx;

comes from the first term because the resistivity tensor
component p_, equal to 1/0,, considerably exceeds all
the remaining components of tensor p; in the main
approximation in parameter 1.

The electrical conductivity tensor components O"zx

and G'Zy can easily be calculated using the equation of
motion for charge carriers:

ap.

= Q(Vy cos j— v, sin@sin®), (46)
ot c
)
%:Q(vz cos@cosV — v, cosV), (47)
c
which gives
dp
v, =V,COS tanﬁ—;—y, 48
’ ? eBcosVY o “®
v =vzsin(ptan13+;%. (49)
7 eBcosV ot

Since the charge carrier drifts on FS sheets 7/ and 3 (as
well as on FS sheets 2 and 4) have opposite directions,
the substitution of expressions (48) and (49) into

expression (43) for G:-j gives the following asymptotic

Vol. 123 No. 6 2016
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expression for the thermoelectric field in a strong
magnetic field when max{y, y,) < min{w, w'):

— TCZ_Tlanz(pv)
3e T, 60U

E

(50)

x(a—T + cos@tan ﬁa—T +sin@tan ﬁa—T)
0z ox

dy
For tan® > 1, electron velocity v, along the normal to
the layers often changes its sign, and the main contri-
bution to the period-averaged value of ¥, comes from
small neighborhoods in the vicinity of electron turning
points, where

ap, _ @sine(vx sin@—v,cos@) =0.

51
dt c (1)
Simple calculations using the stationary phase method
lead to the following asymptotic expression (for
tan > 1) for the drift velocity of conduction elec-
trons between two magnetic breakdown events:

- 1/2
Vi :_Z €u(t, Pp) %,n(a’;h T 'sin [% Py "‘ﬂ
n= Pt
1 L (52)
_Zgnk(tZspB) '2'nan Tk_lsm[a_;P:;ax _f:|,

n=l P ()R

where p_, (7) is the second derivative with respect to ¢
at the stationary phase points, where p,(?) is equal to

min

its minimal value p_, at # = ¢, and to it maximal value
P att=t,on the kth FS sheet; k = 1, 2, 3, 4, and

17;/((’1) = po(f)coso+ p;k(tl)Sin ¢]tan 0,

P;k(fz) = —[P;k(tz)cos o+ P;k(tz)Sin ¢Jtan 0.
All remaining charge carriers on the electron trajec-
tory introduce only small corrections proportional to
(tan®)~'%to v .

(53)

max

The distance (p," — p2, ") between the stationary
phase points is proportional to tan®, and the drift
velocity of charge carriers in a strongly extended tra-
jectory in the momentum space varies periodically as
a function of tan¥; therefore, the period of these oscil-
lations contains important information on the elec-
tron energy spectrum of charge carriers. With increas-
ing angle U, the electron drift velocity along the nor-
mal to the layers decreases, leading to a decrease in the
electrical conductivity o, between the layers in inverse
proportion to tan U; the differentiation of the rapidly
oscillating component 6, with respect to [ leads to its
multiplication by tanv.

As a result, the amplitude of angular oscillations of
even longitudinal thermoelectric field considerably
exceeds the amplitude of oscillations of the resistivity
in a magnetic field lying in the xz plane, which was cal-
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culated in [23]. In this case, the Nernst—Ettingshau-
sen field experiences giant oscillations upon a change
in tan O, rapidly changing its direction.

The total drift velocity of charge carriers (v, + v ;)

on quasi-planar FS sheets and (v, + v_,) in the cylin-
drical FS pocket has the form

©° an(pmin +pmax)
V., +V.,=2) sin—=< £33 7
zl z3 2%

n=1

an min max T
x| cos (2w = p) + 1] (54)
an max min TC
ta,, COS(E(pzl —Ps3 )_Z)j|’
- - . (an min T
Va + Ve = Z|:bnl sin (?pxc + Z)
n=l (55)
+b,, sin (@ e E)}
2 7 D 4
where p™ and pl'™" are the extremal values of the

momentum projection on a closed cross section of the
cylindrical part of the FS, and

1/2
a, = _ﬂ{gn(pxl(tl’pB)vpyl(tlapB)) 2'1'1:h s (56)
th apzl(tl)
1/2
ayy = = le (Paltss i) Poalty )2 (57)
hT, ap,(t,)
1/2
0 = e (Paalt P Dyl p) L (SB)
ap(t)
1/2
_an 2nth
bn2 = _ﬁ{an(p)d(tbpB)apyZ(tpr)) " (59)
aPzz(tz)

Using expressions (54) and (55), we can easily calcu-
late tensor component (S'zZ (w:

ne’t,
a2mh)’(m, + m,)

G'zz (H) =

min

X{Z m; [bfl + bay + 2b,yb,y sin %}

n=l1

+§: om?| a2 sin @P5 = Pa)
1 nl 7

n=1

min max

2. a(ps —pa )
—a,,sin———*—"+2a,,a,,C0S

a(p;;ax _ p;rlun):|

(60)

- 2| 2 2 a(py” - Pmm)
+Z 2m; | a, +a,, +2a,a,, sin%
n=1
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+Z mymy(b,; +b,,) [anl (COS a_; (PR™ = p™)

n=l1

min max

_Sin@(pzl _pzc
h
..an max min
+s1n?(pzl — D ))}

Here, m, and m, are the effective cyclotron masses of
charge carriers on quasi-planar and cylindrical FS
sheets.

It should be borne in mind that the above expres-
sions are valid for a slight deviation of the magnetic
field from the xz plane through angle ¢, when there
still exist stationary phase points on the trajectory of
electrons moving in quasi-planar regions of the FS.
With increasing ¢, the stationary-phase points on
each quasi-planar FS sheet gradually approach one
another (see Fig. 3), and for ¢, =

arctan(v,(1)/vy(1))™> < arctan( v/ v™™),, these points

merge at t = 1, where p. (1)) = p.(t,) = 0. In this case,
magnetic-breakdown oscillations involving charge
carriers moving over planar FS sheets are absent, and
conventional angular oscillations of electrical conduc-
tivity across the layers at tan ¥ > 1 are contained only
in the first term of expression (60). The period of con-
ventional angular oscillations involving only electrons
on the cylindrical part of the FS contains information
on the extremal diameter of the cylinder along the axis
deflected through angle ¢ from the p, axis, and the
amplitude of these oscillations has approximately the
same form as in the absence of magnetic breakdown,
but reduced by a factor of 2(m, + m,)/m,.

min min)
zc

)+ feor

However, the magnetic-breakdown oscillations of
kinetic coefficients are most informative for ¢ = 0. For
example, the contribution to the magnetic-breakdown
oscillation from the kinetic coefficients for conduction
electrons tunneling between cylindrical and planar FS
sheets (the last term in formula (60)),

) ,
Te'T,

mm, (b, +b,,)

aQmh) (m, +m2)§ e

Xa,(coso, (A, +0p,)+sina, (A, +0p, +D,)) (61)
+a,(cosa, (A, + D,)—sina,A,)],

56, (W) =

contains important information on corrugation of dp,
of quasi-planar FS sheets and minimal distance A,
between these sheets and the weakly corrugated cylin-
der. Here, o, = (an/h)tan® and D, is the diameter of
the cylinder along the p, axis. In the differentiation of

G'zz (u) with respect to U, there is no need to retain the
derivatives of functions smoothly depending on |1 with
respect to ; it is sufficient to confine analysis to the
differentiation of only trigonometric functions in for-
mulas (60) and (61), the arguments of which are pro-
portional to tan® > 1. As a result, oscillations of ther-
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P @ | P} (b)

Py Py

Fig. 3. Projection of electron trajectories onto the p,p,
plane in a magnetic field for (a) @ < @y and (b) ¢ = @.

moelectric coefficient o, are giant by nature for
tand > 1:

nzeth
a2mh)’(m, + m,)e

U
“ o 3e du

XY mmy(b,, + b,y) tan D (62)

n=1

XB, cosa, (A, +dp, +D,)—PB,;cosa,A,
_BHZ Sin a’n(Ap + Dp) - Bn4 Sil’l O(‘n(Ap + pr)]s

where B,, and B, are equal to na,,, to within a numer-
ical factor on the order of unity, while 8,,; and B, are
equal to na.,,.

The detection of magnetic-breakdown angular
oscillations of the thermoelectric field is a direct con-
firmation of the occurrence of the Lifshitz electronic
topological transition. The interest in this problem
continues unabated even today (see, for example, [24—
32)).

Thermoelectric phenomena in low-dimensional
conductors under pressure are being actively studied in
many laboratories. Special attention is paid to organic
charge-transfer complexes based on tetrathiaful-
valene.

We strove to make this research helpful and avail-
able of experimenters. For this reason, we considered
a multisheet FS typical of a large family of organic
conductors including tetrathiafulvalene salts (BEDT-
TTF),MHg(SCN),, where M = K, Rb, TI; there are
indications that quasi-planar sheets are weakly corru-
gated along the p, axis also, and the energy spectrum
of charge carriers in these FS sheets is quasi-one-
dimensional [33].

We have confined our analysis to the semiclassical
description of kinetic effects in the conditions of so-
called incoherent magnetic breakdown according to
the Slutskin classification [34, 35], in which tempera-
ture blurring 27?7 of quantized energy levels for elec-
trons in a magnetic field is much larger than the spac-
ing hm, between these levels, and the complex form of
quantum oscillations of kinetic coefficients does not
prevent the observation of classical angular oscilla-
Vol. 123
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tions of magnetoresistance and thermoelectric effects.
In this case, we can disregard the wave properties of an
electron located during the magnetic breakdown in
both regions of the magnetic-breakdown trajectory
and confine our analysis to statistical probabilistic
description of the dynamics of electron motion in
magnetic-breakdown trajectories.

W N =
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11.
12.
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