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Eigenfunctions (in the k-representation) are derived which describe the motion of an elec
tron with an arbitrary dispersion law in a magnetic field, account being taken of two zones 
(and in particular of over lapping ones ) . A criterion for the applicability of the one -zone 
approximation is obtained. 

THE state of an electron moving in the periodic 
field of a crystal is described, as is well known, 
by the wave vector k and by the number of the al
lowed energy zone s. If the crystal is placed in an 
external field, electric or magnetic, the eigenfunc
tion of the electron is generall described in the form 
of an expansion 

~ = ~ ~ gs (k) ~ks dk, 
s 

(1) 

covering all zones. However, if the external field 
satisfies the conditions for quasi-classical behavior 
(in the case of a magnetic field, this means that the 
minimum radius of rotation of the electron a 0 

== .J lie/ eH must be significantly larger than the 
lattice constant a), then a single zone can play 
the principal role in the expansion (1), as before. 
The aim of the present note is the clarification of 
the condition of admissibility of such a single zone 
approximation and the discovery of the eigenfunc
tion (1) for this case. For simplicity of descrip
tion, we shall consider only two zones, s and r. 

We ~iv:e the name "jump at a given point" to 
the energy difference Es(k) - Er (k) at a given 
point of k -space. Such a discontinuity can exist 
even in the presence of zones overlapping in energy. 
Inasmuch as Es (k) and Er (k) are different 
functions of k, the discontinuity at the point as a 
rule exists although the case of coincidence of Es 
and Er for some k can occur (degenerate zones). 
It will be shown below that the condition for admis
sibility of the single zone approximation in the 
magnetic field is the existence of a sufficiently 
large discontinuity at points lying on a given iso
energetic surface. 

The problem of taking neighboring zones into 
account was considered previously by the author, 1 

and also, in a much less general form, by Adams,2 

and Luttinger and Kohn.3 In the presence of a mag-
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netic field directed along the z axis and described 
by the vector potential Ax == - Hy, Ay == Az == 0, it 
is expedient to write the expansion (1) in Bloch 
eigenfunctions, as was shown by the author:4•1 

(2) 

in which k1 is replaced by k1 + y I a~. We use 
Eq. (I) of reference 1 for gs (k), setting the po
tential of the electric field in it equal to zero, 
keeping the non -diagonal (interzone) "magnetic 
terms" of order a 02, and leaving out two zones. 
Equation (I) can be described in the case under 
consideration in the form of a set of equations 

A -2A 
Esgs - IXo Hsrgr = Eg, 

A -2A 
E,g, -1X0 H,sgs = Eg,. (3) 

Here (see, for example, references 4 and 1) Es 
is the operator obtained from E s ( k1, k2, k3 ) by 
the substitution k1 - k1 - ( 1/ia~) B/Bk2 and Hsr 
is an operator of the same type as Es, Er, de
pending, however, not only on the dispersion law 
of the electron in the crystal, but also on the wave 
functions in the zones s and r. 

Those states are of interest to us in which gr 
is small in comparison with gs. We satisfy the 
system (3) by setting 

(4) 

Discarding terms of order a 04, we obtain for 
gs the "single zone" equation Esgs == Egs, the 
solution of which, as shown in reference 4, has 
the form 

K1s is the solution of the equation Es (K1s, k2, k3 ) 
==E. 

Substituting (4) in the second equation of (3), 
we find <I> (k) (we can remove this quantity from 
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under the operator Er since it is slowly changing). 
The action of the operator Hrs on gs reduces 
after transformation to multiplicatiqn of gs by 
the function F rs ( k), which depends on the dis
persion law and the wave functions in both zones 
[see (2)]: 

_'V (~ 8bhs_abh 5 8E 51 
Frs (k)- ~~ bhr(k) I m (k2+2:rh2) akl ak. akl f. 

The final form of gr will be 

ia-;;2F rs (k) 
g, (k) = E k k E k k ) gs (k). 

r (xis ' 2• a)- s\"IS' 2· a 

(5) 

(6) 

Consequently, the criterion for the admissibility 
of the single zone approximation has the form 

IE, (k) -£5 (k) I?> <J.:02F,5 • (7) 

The quantity F rs is of order n2 /m *, where m * 
is the effective mass in the basic zone ( s ) ; there
fore, the inequality (7) can be written in the form 

I£, (k)- Es (k) I';'> fL• H. (8) 

It must be kept in mind that the inequalities (8) 
and (7), in accord with (8), must hold at points in 
k-space lying on a surface of constant energy Es(k) 
=E. 

Without calculation, we write down the corre
sponding criterion for an electron placed in crossed 

homogeneous magnetic H and electric F fields 
[it is assumed that the principal reason for the ap
pearance of interzone terms is the electric field; 
in other words, we have the criterion (8)]: 

i E, (k)- Es (k) I ';'> eFa m;m* ·' (9) 

(a is the lattice constant). In the absence of a 
• I 

magnetic field, as was shown in reference 1, the 
inequality (9) holds again; however, in the presence 
of a magnetic field, only those points of k -space 
enter into (9) which lie on a surface of constant 
energy. 

The author takes this occasion to thank I. M. 
Lifshitz for discussions of the problem. 
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