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As is well known [1], magnetic breakdown, which is observed in many metals placed in
a constant and homogeneous magnetic field ﬁ = {0, 0, H}, is due to guantum tunneling of a
charged quasiparticle (conduction electron) between closely-lying trajectories es(i) = E,
P, = B,q (es(E) = dispersion law, D = quasimomentum, s = number of band; the energy E and
the projection of the momentum on the z axis are conserved), which determine the classical
motion of the electron in 5—space. In constructing a quantitative theory of magnetic break-
down, greatest interest is attached to the calculation of the probability of interband break-
down and the determination of the jump in phase of the quasiclassical wave function, a jump
occurring when the electron goes from one trajectory to another. In the quasiclassical ap-
proximation, which is well satisfied in metals, these two quantities determine completely
the energy spectrum and the wave function of the guasiparticle and enter in all the macro-
scopic electronic characteristics of the metal.

In this note we propose to analyze interband magnetic breakdown by a method which
yields simple analytic expressions for the breakdown probability and the phase difference;
these equations are valid in the entire interval of magnetic-field variation l). In accord
with the presently held view concerning charged gquasiparticles as the carriers of_conductivi-
ty in metals, the analysis is carried out in terms of an arbitrary dispersion law.

We shall carry out our investigation for a case when the points in 5—space, where the
difference 61(5) - 62(5) = A(S) is small, are concentrated near a certain plane. (This
situation is typical of metals.) For simplicity we can assume that at fixed Py and D, the
minimum of A(D) (mig*A(E) £ 0) is reached on the plane P, = 0.

In regions of p-space that are sufficiently rgfote from the plane py = Oi we can neg-
lect interband transitions and the wave function GS(P) of the electron in theNp,s representa-
tion (defined as the coefficients of the expansion in terms of the functions wﬁ,s

= uls) (T exp(ip-7/1), where u%sz?) is the periodic multiplier in the Bloch func-
ptel /e,p ,p,
tion), written in the quasiclassical approximation, and is of the form
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0 (B) = g (R )8(R, - B0)B8(R, - B0); (1)

" Y
( )(P ) = ( ) exp~ (PyoPy -f pfca’s)(p;,)dp}',)/«/&sﬁpxl ’
o 0
(1a)

e (p ,(L“’S)(p )s Pyr Py) = E, o= ehifc.

The plus and minus signs pertain to the regions of ﬁ-space where py > 0 and Py < 0, respec-
tively, and the index a denotes one of the solutions of Eq. (1la). The problem of magnetic
breakdown reduces in fact to a determination of the "joining" matrices ? ) that relate the
coefficients cﬁfi (s = 1,2):

c<+>=§?j (@) (=)

C .
Sy& g'=1 SS' ’CL

To obtain ?(a) in explicit form as a function of H and of the main parameters of the
problem, it is necessary to investigate the Schrodinger equation in a small vicinity of p_= 0
(where interband transitions are significant) and "join" the obtained solution to the quasi-
classical expressions (1), The functions Wﬁ are not suitable for this investigation, since
the periodic factors ué )(r) contained in these functions are “"sharp" with respect to the
parameter py (the characteristic interval of variation of u%s) is of the order of (Ab/eo)po
<< Py = h/a, where a is the lattice constant, € the characteristic energy, and Ab the char-
acteristic value of A(p s O, p, }}). It is more expedlent to use in lieu of ¢» the functions
Xi’ WPx 0,7z exp(lpyy/h), where the dependence on p enters only in the exponentlal func-
tion (X are modified Kohn-Iuttinger functions). Slmple calculations carried out in the
first approximation in the quasiclassical parameter show that for small py the Schrodinger

equation in the X representation is
Pad n A N > — — a
il{ [€S(PXJ 0, ﬁz) - E]Sssl + Pyvss'(px’ 0, ﬁz)}BS(P) = 0, ﬁx = Px + io glir’ (2)

Here 8 (?) are the coefficients of the expansion of the complete electron wave function in
povers of X.is » the connection between B and G on the right and on the left of the p
plane is determined by matrices that are 1ndependent of py, and vy ,(p) is a matrix element
of the velocity operator ¥ . Solution of the system in the first approx1mation in the para-
meter 2) nno/ab <1 (QO is the characteristic value of the Iarmor frequency) makes the

"joining" possible and yields an explicit form of the matrix 7:

TaexP(ﬂQu)’ “S% 72 + Si 1, s, = exp(-nya/2), Ya AD@ cl (a) (a)"
7 - ’ (3)

4 iy
) () (4 Jo T2 g000) (Ja)
8,2 Taexp(-ﬂ%m) w, = sign v g arg{exp i3 +3 5 1n 3 /T* 5 )

o
N 2
= isgl aes/apx'

= v
V= Vi, %
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The zero subscript means that all the quantities in (3) are taken on the py = 0 plane &t the
maximum-breakdown point (pxo, o, pzo), vwhich is determined by the equation
2

%:éles(pxo, 0, Pyo) = E.
The matrices ?(a)
2
2
23 fam) e |,

s=1

are unitary, corresponding to conservation of the quantity

which is proportional to the probability flux density in ;-space. dh‘determines the jump in
phase of the quasiclassical wave function. The magnetic-breakdown probability Wa is by de-
finition equal to 'ng)l = IT&%)|, that is to say,
2
%
oL
W, = exp(-H,(E, on)/H): B (E, p,,) = ——]—ng—zajT . (%)

eh vXo VO

Formula (4) is valid for arbitrary H. If the magnetic field is inclined by a certain angle
¢ to the plane of closest approach of the bands, then wOL is given by

wc, = eXP("HO(E: sz)/H cosQ), (ka)

i.e., wa decreases with increasing o.
The author expresses sincere gratitude to I. M. Lifshitz for interest in the work and

for valuable discussions.
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1)

very strong (H -~ =) and weak (H + O) breakdown.

This problem was solved by Blount [2] and by Pippard [3] for the limiting cases of

The smallness of ﬁno/ab does not contradict the condition of even very strong

breakdown, and imposes no limitations on our analysis.
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The purpose of this communication is to demonstrate that anomalously large absorption
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