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The motion of a hole in a homopolar crystal of the diamond type is examined on the basis of
the many-electron equations of Schrédinger. The presence of a holeis represented by the sub-
stitution of one paired bond by a monoelectronic one, which leads to the appearance of an ad-
ditional force tending to deformthe crystal. The corresponding term in the Hamiltonian is con-
sidered as the interaction of the hole with the deformations of the lattice. The meaning of the
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force obtained in the way for the problem of autolocalization of the hole, the scattering of
current carriers by the lattice vibrations, and the theories of mobility, thermal emf and

Nernst effect, is discussed.

1. INTRODUCTION
THE experimental study of the temperature de-

pendence of the mobility, thermal emf and
galvanomagnetic effects in Ge, and in particular
in Si, indicates the insufficiency of the elementary

theory of scattering of electron waves on the acous-
tic oscillations of the lattice!, leading in particu-

lar to a temperature behavior of the mobility

u~ T332, For Ge of p-type the mobility more
closely follows the formula u ~ T-2-3 2. There are
known to be anomalies in the dependence of the
latter. The value of the effective mass of a hole in
Ge is found to be different in different experiments
(in particular, cyclotron resonance gives m ;. /m
~ 0.043).

These anomalies are usually connected with the
complex structure of the valence band at its upper
edge (the triple degeneracy, whereby the surface
of constant energy in k-space for small k differs

from the spherical shape and the maximum energy
corresponds to k # 04). The corresponding calcula-
tions of the energy bands in Si, Ge and diamond®*7,
in general support this conclusion. However, in
examining such detailed effects as the temperature
dependence of mobility, the anisotropy of the resis-
tivity in a magnetic field, etc., it ishardly possible
completely to trust the one-electron approximation
and the entire band scheme.

It is expedient to examine the motion of a hole on
the basis of the many-electron problem and to find
the energy of the crystal as a function of its wave
vector, taking into account that the valence elec-

trons of a homopolar crystal bring about bonding
forces between the atoms therein. The formation of
a hole must therefore produce the breaking of a
bond and the appearance of forces tending to deform

the crystal. There is no reason to expect that the
corresponding potential energy will have the usual
form uV ¥V (u is the displacement of a point of the
crystal, V is the periodic potential). The destruc-
tion of the bond must lead to a strong interaction
of the hole, particularly with the optical vibrations,
which obliges us to examine the mobility anew. In
the work of Kontorova®, who studied the scattering
of the conduction electrons by the acoustic vibra-
tions of the lattice, using the dispersion law

© =, in place of the usually assumed law

o = ck (c is the velocity of sound), the mobility

*5/2 in better

turned out to be proportional to T
agreement with experiment than the usual theory
gives!. In fact, the dispersion law o = w, can
take place in the optical modes. However, the
term uVV assumed by all authors (among them
Kontorova also) for the interaction with the vibra-
tions cannot guarantee any strong scattering by the
optical modes. Furthermore, the concept of a
periodic potential V for the hole is devoid of mean-
ing. In this case the interactions are more correctly
considered as the alterations of the bonds between
the atoms.

Finally, the mean free path of the current carriers
is usually (except in Ge ) of the order of or smaller
than the de Broglie wavelength®. In each case the
criterion for applicability of the perturbation theory,
uM/m >> 500 cm?/sec/v (M is the mass of a current
carrier, m is the electron mass, u is the mobility),
shown by Pekar, is very seldom satisfied!?.
Therefore, the possibility is not excluded that
the current carriers in a homopolar crystal, asin a
polar one, are so-called ‘““condensons’® considered
by Pekar and Deigen'!. It is clear that the success
of the computation of the ‘““condensons’’ depends
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essentially on the correct choice for the forces of
interaction between electron and lattice.

One of us (A.M.F.) has carried out a calculation
of the wave functions and energy of the crystal with
an electron missing from one of the bonds (hole)!2,
taking into account a possible small deformation
of the crystal. The results of this calculation and
consideration of the consequences of the interaction
found for a hole with the lattice vibrations are pre-
sented below.

2. THE WAVE FUNCTION AND ENERGY ON AN
IDEAL CRYSTAL

We consider a diamond crystal, having in view
that for Si, Ge and «-Sn, the structure of the lattice
and the configurations of the valence electrons and
bonds are quite similar.

In the union of C atoms into a crystal the wave
functions of the valence electrons of each atom are

deformed, with the formation of o-bonds with each
of the four nearest neighbors. The functions of the
o-bonds, considering the symmetry of the crystal,
are approximately represented by the formula!3

Ya (r) = ¢,S (r) + 3cyP (r) cos 9, (1)
where ¢ is the angle between the radius vector of
the electron r and the radius vector of the nucleus
nearest to the given electron, S(r) and P (r) are
radial parts of the s- and p-functions, c,, c, are
approximation parameters.

We seek the wave-function of the crystal in the
form of an antisymnietrized product of wave func-
tions of the bonds of each pair of atoms a, b:

Wop (ryoy, Iy0;)=[ag, (51) Bs (5) @)

—a (92) Bo (91)] [ (ry) s (1) + ba (F2) s ()],

o, B arespinfunctionsequaltolorOfor o= +1/2. In
what follows we shall number the atoms with a
cell-index [, the index of the atom in the cell
s = 1,2, and we shall also introduce for each
function the number of the bond u =1, 2, 3, 4.
Besides interchanges of the electrons inside the
bond (2) we consider also interchanges between the
wave functions belonging to the same atom. In
Fig. 1 this corresponds to the interchange of elec-
trons between ¥, and ¥__ only in the terms
Y, (r)and ¢ (r,). We neglect the exchange and

the exchange energy of electrons found on different
atoms but not on the same bond. The potential
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F16. 1. Schematic representation of the bonds in a
crystal of the diamond type. The dotted ovals 1,2 3 4
represent the form of the 1/ -cloud of electrons U, (1),’

l//b (2), lﬁa (3), ¢b (4). The vectors a, ay, a,, a, (or
what is the same thing, agp since a

' L= 2y ) represent
the directions of the bonds. '

energy excludes the mutual interaction of all the
valence electrons and the nuclei, screened by the
internal electrons. The wave functions of the e]ec-
trons on different nuclei we consider approximately
orthogonal. The functions of the electrons of one
atom but of different bonds are orthogonal on ac-
count of the angular parts [ see Eq. (1)]. With
these assumptions the energy of the system will be

3)
= S : S D¢ (P)PI] Wisa (1s1G1sarfisasdisus) 7
P

lsa

X H Vs (rlsalclsnrlsazctsag) dx;

lsa

P is the exchange operator for electrons, ¢(P)

= *1. In computing the average potential energy
of an electron located on the bond ab of Fig. 1,
atom ¢ can be consideredneutral. In the indicated
approximation Eq. (3) breaks up into the sum of the
average energies of the separate bonds; in this the
energies of the interactions of the electrons on the
bonds ab and ac are conveniently divided equally
between these bonds. In atomic units,
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H =3 HiseRa, RD)= {30+ 572{ 2 foa (1) + Seas (1)1 166 (3) W

lsa lsa

+ Spac (3N drydsy + 6 (1 + 592\ 2 (05 (2) + Sooa (2] 10a (3)

zZ2 2Z

+ Spac (3)] dedT3 + Z —_ '1—*——82-

iz (L

1+8%) rp.

[pa (1) 4 Spas (1)1 dry + (1 4 S%)72 (29)8

7 oo (1) + 2 (1) + 25pas (1)1,

L 10, (3)

rsa

+ Soac (3)1[ps (4) + Spea (4)] drgd=y
s s e (D %(2) + % (2) o (D) ey dry

1

1

_ T?s?[g daAdad + 23&%@,,&]}.

Here the first two terms give the interaction of the
electrons on bond ab with electrons found on the
bonds of atom a with atoms of type c; the third
term gives the interaction of the nuclei a, b: the
fourth and fifth terms, the interaction of the elec-
trons on bond ab with their own and also with
neighboring nuclei; the sixth terni, the interaction
of electrons on bonds bd withelectrons on the
bonds ac. The last two terms represent the ex-
change and kinetic energy of the electrons of the

bond ab (see Fig. 1).

3. THE WAVE FUNCTION AND ENERGY OF THE
CRYSTAL WITH ONE ELECTRON REMOVED

In the presence of a hole it is necessary to
find the wave function of the system in the form of
a linear combination of functions ¥, of the type
(2), in each of which one of the bond functions
V., is replaced with a function of one electron
with indeterminate direction of spin

73 (rlsac) [ (clsa).‘l"' Ql (clsa()], (5)
that is,
Y= 2 AlsaIIj‘lsu- (6)
Isa

If all the atoms are at rest at the lattic sites, then

Alsa = N_lhAsoz (k) €xp {lkR;} (7)
Substitution of Egs. (5)-(7) into ﬁ gives

-.772' = Z{ lAsa ]2.%sor. sa + EA;“AS“’%sa, sar (8)

o’

+ D AsaAadt G e exp {ik (RE — RY},

a’l

where JZ

‘s s a is the average value of the Hamil-

tonian ¥ over the functions ¥ which does not

Iso
depend on the index ! and which is obtained by
striking out of the expression (4) the terms corre-

’ and

sponding to the missing electron. :H'sd,s d

— ’
Jislzj s % are matrix elements for the transition of

a hole from the bond ab to the bond ac and corre-
spongingly, from atom a to atom b on the same
bond ab. Only these off-diagonal matrix elements
are considered which correspond to the transition
of an electron from one atom to the neighboring one
on the same bond, or to the transition of an elec-
tron on a single atom from one bond to another.

E(n) Hepsa
2c+|]

+ VIZWL'z

- 2c+|6]

2c-|4|

= Vizwz:z

-2c-|4|

L4

F1G. 2. Relative locations of the hole bands in the
crystal of the diamond type. The energy levels (9)-(10)
coincide, respectively, with the lower edge of the first
and the upper edge of the second band.
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Figure 1 gives the notation for the vectors a,,
a,, a,, a, characterizing the directions of the

bonds 1, 2, 3, 4. The coefficient 4, designates
that the hole is found on atom 1 and bond 2, etc.

Applying a variational principle, we obtain a
system of linear equations for the eight coeffi-
cients Aso.; setting the determinant of this system
equal to zero, we obtain the eigenvalues of the
energy:

E= s s+ c 18 + 48 200 Vo (R)]", O

E—_—'%sa,su ib—-(l, (10)

¢ (k) =1 + cos (k«d | 2) cos (kyd  2) (11)

+ cos (ked | 2) cos (kd [ 2)
+ cos (kyd | 2) cos (k.d [ 2)

a= %-’sa,sa —E; c= z%sa,sa’; b ='%l_l,

sa,s’a’

(d is the edge of the lattice cube); the roots (10)
are double-valued. In analogy with the results of
calculations for molecules, one can expect that
¢>0and b <0 13,

Figure 2 shows the arrangement of the bands.For
hole conduction only the lowest band (signs —, +)
is significant. The statesin this band are nonde-

generate and the energy for small & can be written
as

B Howse—c=—20—[b]+ (2 /20) I (12
W[ 2= (d]16)[b]c/(2]c|+|b]).

In this way in our approximation it is impossible
to explain the peculiarities observed in hole Ge
(the presence of two effective masses, the selec-
tive infra-red absorption, the anisotropyof magneto-
resistivity, etc.). Obviously, for this it is neces-
sary to keep the exchange integrals for more weakly

overlapping wave functions, which leads to a
splitting of the levels (10) into four bands.

4. INVESTIGATION OF LOCAL HOLE COMPOUNDS OF
LARGE RADIUS

If the atoms of the crystal are deformed, the co-
efficients N’s.}. su ete. depend on the coordinates

of all the atoms, and the solution (7) will not ob-
tain. However, it is possible to use the more
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general formula (6) with arbitrary constants Als
or their Fourier expansions:

Asta = == VA (B, 1) Ao (K) exp ik R} dk. (19)

N

w?

The A(B, k) are functions of k to be determined;
they contain certain approximation parameters (3.
We assume that the ‘‘radius of the state’” of our
hole is large enough and thatin the expansion (14)
there enter only values of k small compared with
the inverse lattice constant. Then it is possible
to use Fq. (12) for the energy and assume approxi-

mately Asa(k) ~ As“(O). For the lowest bands:
n=A4n=A4,=4,,= I/Vg?

A13=A23:A14=A24=—1/V8_-

The average value of the Hamiltonian over the
functions (6) will be :

#2

H =5\ A" B, WA B, k) dk (14)
-j-SSA‘ @, K) W [ul],, A @, k) dkdk';
v(/[ué]kk,—_——;v 2 Aga Asrarexp {— iKRL  (15)

sla
s'l'a’

T ik Ré}nglslar%‘m dr.

On account of the axial symmetry of the wave
functions with Rls # Rls » the basic dependence of
the integral (15) will be a dependence on the dis-
tances of the atoms occurring in the bond I, ss”;
a_; =R. —R... But if R =R -, then the princi-
pal role in the dependence of the deformation will

be played by the term for the interaction of an atom
lacking an electron with the neighboring atom. We
designate the corresponding terms

t%.sl‘;;"a' + F2 (u.ls - ui:) ads; / ] asi land c%sot,sa (16)

+ Fl (ué—ug’) asi/]asii~

The first components in (16) [ after the summation
in (15) over [ and ] are retained only for k" =k,
and will give a constant contribution to K. In
summing the second components, we shall change
from the deformations u! to the normal coordinates

S

of the crystal 9y by the formula:

ug = Dul (f)exp {ifRl} ¢, a7
fy
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f is the wave vector, v/, and y are the amplitude
and branch number of the eigenfrequencies. Sub-
stitution of (16) and (17) into (15) gives

Z(u*

» . —i f .

ifag; 18
“ ]kk' u:’ el s;) qf’{ ( )

xak+f, w/lasi|.

The local states of the hole will be stable if
N’ + U° has a minimum and lies lower than the
bottom of the band. Here U° is the work of de-
formation of the crystal, equal to

Ue=1/,N ngY qi'Y Geyr

Adding (14) and (19) and minimizing the sum over

(19)

9g, We find the equilibrium deformations of the atoms by considering that F', ~ e /a2

of the crystal, qu We take as an approximation

A@ k)= (20)

(2mf2)—
and limit ourselves to only the interactions with
the longitudinal vibrations of the lattice, whereby

the optical and acoustic frequencies are o .
op

ls e—k*|4p2

=w,, 0, =cf As the result of a moderatley long
computation12 we obtain:
#+U° (77n) (21)
= (4F7/3(27) " o] as: ) [(BK2 x2 | 2p) — J (x)],
B =9 (a5 (27)" w; /4F;, x=8|ayl;
J(x) = x8 {] — e—8%%8 | p—ax? (22)
+ e—4¥8 4_A e—v2 (e~ ¥4 __ p—19x712
4 et _ p—11x2 [10)
+ 4 —;E e—+* (1 — 2%%3 +e— e—.r2,'3)}
V= | ag; [2 mg \
_—1;2_‘— {V: X = (D k]/ x
1 3 % -
—30@) +) 20 (V 4+ N
4Fn X\ 12 2 11/ 19
[Q‘D( 2-Viwe KVrz‘ x)
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So(3e)+ ol )

The quantity J (x) for x << 1 behaves like

(@2 02 [ c?) x3 (Vs + 13F, /36 Fy + TF3 9F3),
and for x >> 1 like

(@5 95 %/ 2¢2) + x3.

The true order of magmtude of B can be obtamed

Then BAZ2 /

~ 50. Consequently, the minimum of Eq. (21) is
attained for x ~ 30, i.e., for very small radii of the
state, when the effective-mass approximation is
insufficient. Thus the existence in a homopolar
crystal of states of large radius, similar to those in
a polar crystal, appears hardly likely.

5. INVESTIGATION OF LOCAL HOLE STATES OF

SMALL RADIUS

For local states of small radius it is conveni-
ent to use an expansion of the form (6), into which
will enteronly a small number of terms. Fromthe
form of the symmetries one can expect that the
lowest local states of the hole will be of two

types:

a) Coefficients Als for a certain central atom

.are all equal to 4, but on the four nearest neigh-

bors to it only those Aisqu which refer to the bonds
of these atoms with the central one are equal to
B #£ 0;

b) The coefficients 4,
atoms are equal to 4, if u is their common bond,

and to B if u denotes their bonds with neighbors.
The normalization conditions will be

a)4(A2+Bz)= 1,

sw for two neighboring

b) 2424 6B2 = (23)

The average value of the Hamiltonian ¥ over the
functions (5) is equal to

8) F' = 6A% + 4ABb + 4 (A2 + B?) Hoarsa, (20)
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b)
F' = A% + 6ABc + 682 + (242 + 6B%) H su.sa.

Finding the minimum ¥’ and the coefficients 4 and
B in both cases, we obtain

a) E=Hesu+3s c+2,V 9+ 407,  (26)

B/A =—4b/[—6cTF YV 36c% F 1667],

(27)

(25)"
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We consider the second tern; in Eq. (28) a small
perturbation and determine the scattering of holes
by the vibrations by the methods of perturbation
theory. In the zero-order approximation the wave
function and the energy of the system are equal to

‘4 (k]) a (k - k]) (I)...an,.. (‘ '-qﬁ,..‘); (29)

E = (K2R ] 2u) + D\ hoogy (15, + 1/y).

® is an oscillator wave function,nfy

numbers of the oscillators. We find the mixed

the quantum

b) E = FHsurse + */oC + 1/sb ﬂ:l/t; V(4C_ b)? + 4bc; matrix elements:

B[A=-—c[lc—)bF 1,V (4c — b)* + 4bc].

Comparison with Egs. (12) shows that the auto-
localization of the holes is energetically disadvan-
tageous with respect to the bottom of the lowest
hole band. It is easy to imagine that a calucation
of the deformation of the lattice leads to a small
change in the coefficients b and ¢ and cannot
change these results significantly. It is possible
to interpret themthus: local states are not satis-
factory since the short-range forces and the inter-
actions of the holes with the deformations of a
small number of atoms cannot compenstae for the
increase of kinetic energy occurring upon localiza-
tion of a hole.

6. INVESTIGATION OF THE INTERACTION OF A HOLE
WITH THE LATTICE BY THE PERTURBATION
METHOD

For the deformed crystal the wave function in
the general case can be representedin the form
(13), but the equations for the coefficients A(B, %)
are found from the variational principle by mini-
mizing H (14). The average Hamiltonian of the
crystal will be
fi2k?
2u

o = ﬂA &) 2 A (k) dk (28)

+ SSA (k) A (K) S (uls — ulge™s)

fysi

X [Flasi + é—(eikaﬂ' + e—i et ag;) F2asi]

8k—!—f, k’
l asi l

N *
X didic + 5 ) 0},07,q5,-

(onf, KWk .n, ) (30)

- ¥ _ i (K'—k) ag;
32.(“3' Kk u;(',k'—ke ( ) ag;
i

)

1, ma . —ikas
X [Fras + 4 @50 % Fya ]

1l
lasil

where all numbers n; on the right and left are
assumed equal, except for that one ng for which
, Y
f=k’-k.
The probability of scattering of a wave with
vector k into the solid angle dQ is

V (h]2Nog) (me_y v+ 1)

X V (] 2Nog,) ma_y,

I

Wi = (2= /8) (. . .1gy (31)

+1L. . k+f|Wk... sy, )2 (V [ 873) (uk’ | 52) dQ
in applying the conservation conditions

k' =k +1; (r?/2p)(R2— k%) = + hop. (32)
For the thermal electrons % is much smaller than a
vector of the reciprocal lattice; therefore, there
will be emitted and absorbed only phonons with
f~ k, but for them it is possible to take

| fasi | << 1 and expand the matrix element (30) into
powers of fasi:

(an¥Ikif)ngn;Y) (33)

. VA ,
- V M{Zil(fasi) (asi u;{:f) (Fl + F2)

:F ) (fasi) dg; (llSYf —_ u;{rf) Fz}

}asii



LATTICE VIBRATIONS IN

As a simplification we assume that for the limit
of long waves, for the longitudinal acoustic vibra-
tions, u” || f and it does not depend on the index

S
s, but @g, = cf; for the optical vibrations ui’/
=~ “ysz f, and @y,
action with the transverse vibrations.

) (fag) (ug ay;)

i

= const. Weneglect the inter-

Then

) 4
=@M) 7" ja% 3} cos® (fay) = 4a2, 7 /3 /O

i=1

and our matrix element is equal for the acoustic
vibrations to

l/ 4af lag; |
2Nfc

3V oM
and for the optical ones to

flast
+V/2Nw 3VaM

gy + } (34a)
Ving

(Fy + Fz)'{

Y

”iY J

Thus for the probab ity of scattering by the
acoustic and optical vibrations we find, respec-

tively,
W — wk' Ad3; f (Fi+ Fo)? {nfy =+ 1} (35a)
kK = 9n2 Mch? ey )7
wk'Alag |* f* (F1+ 3F) (ng, + 1)
Wik = 7% Mo B2 { ng, | (35b)

A = V/N is the volume of an elementary cell.
In calculating the mobility we assume that (1)
the velocity of sound ¢ is much smaller than the

velocity of an electron, and the change of its energy

in emitting or absorbing a phonon can be neglected;
k’=~k, f=2k sin (0/2), 0 is the scattering angle;
(2) the temperature is not too low and for acoustic
phonons o << »T (x = Boltzmann’s constant).
For the change of the energy-distribution functions
as aresult of collisions Eq. (35a) gives the usual
quantity (v/l)y v, where ¥ v is the nonsymmetrical
part of the distribution and [ is the mean free path:

[ = 9=Mc® bt [ 8p2A | ag; 2 (Fy + F2)*xT. (36)

This gives the usual dependence of mobility with
temperature: u ~ 7°3/2 The interaction of a hole
with the optical vibrations of the lattice isconveni-

ently considered in two limiting cases: # ¢
opt

A HOMOPOLAR CRYSTAL
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>> xl and ro opt < #T.
tran51t10ns with absorption are possible, and

k2 Z'U,w_y/h— f2. Then the change of the dis-
tribution functions on account of scattering of the
type (35b) gives the quantity y v/ 7, where

In the former case only

© = InMh3 oy (eh""f”‘r (37)

— 1)/ Quoo [ 1)
XA |Qsi [P 2uoy (Fy + 3F,)%.

The time of free path does not depend on the
velocity of the hole. This gives a mobility pro-
portional to e?@y/ ®T _ 1

For high temperatures, computation with kq.
(35b) leads to the approximations &k’ = £,
f=2ksin(6/2); 2n+1=2xT/k w_ . This
leads to the formula (v/1)y v, with

I = 27=Mni} | 64u2A | ag; 2 (F, + 3F,)2T42. (38)

The free path length is inversely proportional
to the square of the velocity and to the temperature.
This gives a dependence of mobility on temperature
of the form u ~ 7"5/2,

more sensitive to the distance, then | F, | >>|F |

If the exchange forces are

and the numerical factor of the probability of
scattering by optical vibrations differs by a factor
9fc/ w,, from the probability of scattering by the
acoustic vibrations.

Therefore, at high temperatures, the scattering
by optical vibrations can prove to be dominating.
This also leads to a different temperature depend-

ence of the niobility: u ~ 77572, At low tempera-

> , and one must ob-

opt and fc << @

tures, .
ac

tain the previous formula u ~ 77372,

It isof interest to examine the thermo- and
galvanoelectrical and magnetic effects, the coeffi-
cients'of which are determined from the dependence
of the free-path length on the velocity. In the
case of a power-law [ ™~ v" the corresponding

formulas were obtained in the work of one of the
authors4. As is obvious from Egs. (36)-(38),

essentially new results can be obtained only at
high temperatures: T >> fr ¢ _ , if the scattering
Thus, in the

by optical vibrations dominates.
formula for the thermal emf

“®

“=7{{}’+2+1 M}

h3
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the constant component is equal here to 1 instead
of 3, according to the theory of Davydovand
Shmushkevich. Since at low temperatures the re-
sults coincide, the temperature dependence of «
must also change correspondingly.

For the transverse Nernst-Ettingshausen effect:

emf =1/,(n— 1) (xT /&) ReHdT | dx

(H is the magnetic field, R is the Hall constant,
o is the electrical conductivity) one must expect
an increase of the coefficient (n — 1) by a factor
of three.
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The stability of a layer of liquid or gas in the presence of a superadiabatic temperature
gradient is investigated for cases in which the upper and lower boundaries of the layer are
not fixed, and convection arising in it may spread into stable regions bordering it.

1. INTRODUCTION

T is known that the equilibrium of a layer located

in a gravitational field is stable if its entropy
S increases with ehightl. A series of authors2-4
have investigated the stability of a layer bounded
by horizontal planes on which the temperature is
given and the vertical component of the velocity
v, = 0. However, in a whole series of cases, the
layer in which instability arises, causing an in-
crease of convection, is bordered on one or both
sides by stable layersin which the temperature
gradient is less than adiabatic, but in which the

motion is propagated, occupying a regien consider-
ably exceeding the region oiyinstability. The propa-
gation of convection beyond the limits of the un-
stable layer may be understood in the following
way.

With a random rise of a separate convective ele-
ment, a lifting force is developed proportional to
the difference between the temperature ¢ of this
element and that of the surrounding medium, and
increases monotonically up to the upper boundary
of the unstable layer. Therefore, the convective
element arrives at the upper boundary with maximum
acceleration. Abovethe boundary, the temperature
difference, and consequently the acceleration,

720



