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I. Intro ti

‘ In our previous paper [l] the simple model of a;

"orystal - the linear ohain with nearest neighbour interaction.f

f'was inveetigated in pseudoharmonio approximation. The proper—A"

» ;ties of the: three-dimensional lattice, namely the faoecentred.
écubio ( f.o.o.) one with- the nearest neighbour central foroe £
f interaction was oonsidered in pseudoharmonic approximation in
S the paper [2] in the case of small pressUre. It ‘was" shown, thatx
‘m in this case the lattice becomes unstable at sufficiently high

zero-point energy or temperature. It was-shown also in [3]

‘small even near the instability temperature and oonsequently -

L the most simple pSeudoharmonic approrimation L4] can: be used.

In present paper we consider ‘the . properties of the f.c.c.

‘lattice with the nearest neighbour central force interaction Dot

: in the case of the arbitrary external pressure in pseudoharmonicf'.f

approximation. In Section 2 we obtain a self—consistent system

of equationsfor the determination of the physical properties

of the - crystal. In Section 3 1 the instability and the critical
itemperature are calculated as the functions of the external ‘
"pressure and the dimensionless coupling constant of the atons.

.l4In"Seotion 4 we discuss the results,

2. Self-Consistent System of Egnetions in

Pseudoharmonic Anproximation

‘ We consider a- f.c.c. lattioe oonsisting of /V
dentical atoms of mass ™M . The Hamiltonian of a- crystal

"with nearost neighbour central force interactions reads.

"‘«hfthat the damping of the»self—consistent phonons is sufficiently~h~

*
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where - "'and' -,RL . are the momentum ‘and- the position

"-lopera.tors for the atom in the la.ttice oite- 'e ) respeotively. ' '

~ The interaction potentia.l between neighbouring atoms is--
denoted by “P( !R 'P l) -+ The prime.on the summation

. ".means that the second eumma.tion is performed only over the Z

'nearest neighbours ( for f.c.o. , 12)

We introduce the displa.oement opera.tors , “MZ 4 'i'rom L
the equilibrium positions [-“ aocording to . the definition:’ ’
e o - T
R7=<R ulz b u* @
N < p_>_"*,-L,- w T S S

The eciuilibrium lattlce oonstant- el = Z//:z— “can . be

obtained from the equation

o .
_?__=~»-~-=g\7..w' DR,L ‘F(IR R ;)> o
which shows, tha.t the a.verage force a.cting on each e.tom in the
equilibrium position is equa.l to zero [_5_] . In equation- (3 ‘ B
. the externa.l pressure is denoted by ? - and V- Ne=
/\/!L’/,’E, ) stands for the volume. o
' ~ Applying the method which was formulated in [4] , a

’ self-oonsistent system of equa.tions for the investigation of -
the f.c.c. lattice was obtained in [2] .- It was shown that

the renorma.lized frequency of vibrations takes the form:

C«D* _ ofp(Q,@) é«Ji v 2 2

Kj - - oxj.’ OL wOKJ K e (4>
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- where CAJ;;J' is the harmonio frequenoy of thevvibrations :

;end {‘- TAIEM ) - stands for “the harmonio strength constant.

M

The pseudoharmonio strength constant f(e @) .oan: be written

"as:-"

3(9@) i ’*]4‘_@51 |

'hero we introduoe the self—consistent potential whioh in
' certain approximation can be written in the form [q]

(@) 2_| ﬁ(%“) Llo(zn)(é) ' ‘ (6)

The mean square relative displaoement of neighbouring atoms

i can be written as. 3

S
<[“u M)]> ﬁ(oe)zN% 4?%

in addition to the temperature - B= L:Fr , - the proper-

,219

ties of the crystal are determined also by the volume \/
of the crystal or by ‘the- external pressure. According to (3),
(6) these parameters satisfy the- following equation- R

?—~; L g (e)_;_; ; Lp(@) cs>

The caloric equation of state 1s obtained from the inter-

nal energy whioh is given in our approximation by the equation

== 2 { % spayE). o

4_
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o Im ~'this way we obtained a closed system of equations
v(4) -»(9) which determine the properties of ‘the- anha.rmonio
crysto.l in pseudohe.rmonio a.pproxima.tion. This self-oonsistent :
system of equations is determined by . the self-consistent poten—*' ‘
"t1al (6) whioh can be obta.ined if the potentia.l ‘F(R) is o

. known. Let us take the Morse-potentia.l as a model -one:

L IERL s T R

As in-Ei]we take CL’C = 6. , L

' Let us consider the case, in which the externa.l pressure
is.fixed ’P k = const., but oontrary ‘to L2] vie don't suppose ) 11
' tha.t P .is sma.ll. It is convenient to introduce the reduced
pressure TP* P CJ ’ where 6’ 6 /,2 is the
:para.meter of the Len(nardql'ones (12-6) intera.ction potentia.l.
.Then in the. ‘same way as in LI] we get the following expressions

for the- pseudoha.rmonic renorma.lization of. the frequencyo( ’ _tho

dimensionless ‘mean . -squared. rela.tive displa.cenent of neighbouring‘ "

atoms /‘j , the self—consistent potentia.l ‘70((1) 5 the
equilibrium separations of neighbouring atoms L é ..y and the
internal energy (4//\/) oo \ )
2 ’P* -

ot - uz aE + / zf'

Ad= O.",(:.? -'.:'36(‘4:':"/-1';’7); Z,.q x - 25

Lz

- (13)
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_4_E= -z - V‘ &ie ;:,”(%) ‘ "Z S
N : GC °(~Q : * —( )} ‘(15)

e DT e 7
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.Let us replace the sum over K I3 by the :Lntegral
over frequency o in equation n aocording to the '
formula. : ' .

wt.l. - <

S f oy J G

e rre )= C«.> a(_w s ) = = (")("") 5
) where X = 2(00/60.,,_) ;GO -(Sf/M is the
maximum va.lue of the. ha.rmonical vibrationa.l frequency, g (x)
1s the distri’bution function which was obtained in ]_6:[ .

;'.l‘hen equation (7) can be- rewrltten as an equation for oL HER
2. o o

ja(x (x)xcoﬁL. °‘x (16)

| Aw(a)= 32

whene X: 2&/5‘:”, -is the dinensionless coupling constant
for atoms, 5“;‘.’ ~ 402 co, 1s the zero-point energy per atom
- :Ln th'e'harmonick approxim‘ation, ’TI = (‘J/w‘,_ ‘is .the nimension—
‘less temper‘a.ture.\ The function /g(ol) is é;iwien 'by‘ (12),
" ,(14) It 1s easy to see, that a.ll the equations obtained here,
- “for. 'P*<< j_ L coincide with those of worlc ]_2:]
. ' I.et us compa.re the self-oonsistent equation (16) and
the expressions (II)-(I5) with those obtained in LI] for the
_monoatomic linear chain, It .Ls easy to see, that they have the ,

s{imilar form .and consequently the ksimilar analytical behaviour.



Therefore; we don't repeat here ‘the discussions of the bection\

3 of [l:]and give only the results.[l

»

3. InstabilitypTemperature and Critical

Temperature o

R According to Ll] the instability temperature can be
: obtained as a simultaneous solution of the equation (16) and
its derivative. T TR l : G

_.Afng(.x).ro(%(a)}_-ozon ,_,jclx CCx)x% (3‘—’1-) (17)v

'?The critical temperature can. be obtained as a simultaneous solu—;'?*
tion of‘the equations (16), (17) .and the ‘second derivative of h

p) iz g’(u)ﬂc_u ?3"'(4)}‘-= 036%(4—’2 Jclx C(X)X “3/“)“' (“f)(la)

;ﬁhere.the function ﬁg(d)‘ is given by (12), (14).
_ . The results of numerical solutions of these systems‘
»of equations are given in Fig. I—Pig. 3. In Fig.’ I the dependence ‘p;
Cof the pseudoharmonic renormalization of the frequency . '
; :ot_s E /w

pressure 7’* is presented'for some values of ﬁ « In Fig.2

oy at the instability temperature on the reduced

‘V'the dependence of the instability temperature T%'- Eg//ca
on the dimensionless coupling con tant A is given for some
values of . 73* « In Pig.3 the dependence or the instability
-temperature on the reduced pressure 1s presented for some’ values.
.of l} « In all Figures the critical curves are denoted by
dot-and-dash lines. We don't consider here the case of small
values of )‘\,A/ x; which demands additional calculations.

It will bve discussed elsewhere.
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_ " For the values of > I2-we obtain the following
_"values for the oritical temperature . ',_ = I 56 a.nd the oriti-
“eal: pressure e ’ann.’« 0 37,whero : 7‘“ - G/C = I1,76.T° /A 18
; tﬂthe reduced temperature. . . : ' -’
: in work [2] were. obtained the following expressions for _ '
the instability temperature %) in the oases of high ('t}I) and
C "‘,1ow ('C'<< 1) temperature 3 ‘

:_-‘_pfg.- "5%‘1 {.‘ ey 02_2) F o aw

_ s(’c'>>l-‘i; ?ft<<i),

s oS S 4o e A N e -
. FC" = 7’7'6, %'_;—é (‘2 -Ao/)}A/f’ 5 Amin *(:' _{[._‘. ’P )](20)
Lo o (Txdi ; P* «i) )
: The results of numerica.l ‘solutions agree quite well with the
asymptotic expressions (19), (20) for PP I,
~*Using equations (IZ)-—(IE) and the- solution L0 ot
Af'the equations (16), (17), the dimensionless mean squared Tela-
.*- tive displacement of the- neighbouring atom 15 : y the self—' »
yt‘;!""oonsistent potential, the equilibrium separa.tion of neighbouring .
A\atoms and the internal- energy were calcula.ted at the instability»
‘”temperature. In Fig. 4 the internal energy of the crystal (
4//V) E-/é - -at the instability temperature is presented as-a
'funotion of A ‘and in Fig. 5 as a function of P* . The
B iresults of numerical calculations agree quite well with the
" results of paper - [2] in the case’ of small pressure. )

?)\le'note ‘here, that the instability temperature »’U.s in [:_2:(

‘ was called critical temperature and ‘denoted by’ TQ e



4. Discus i

. In this work the behaviour of a three-dimeneional £.0400
"lattioe was investigated in the case of arbitrary. external
“pressure in a wide -range of temperature. It was shown, that
the behaviour of three-dimensional lattice doesn't differ
qualitatively from the one-dimensional lattice discussed in [I]
It is.also interesting tounotep that the’ reduced instabif 1,;1
lity ,temperature' T; = 9, /E as a funotion of. the ‘reducedt
- pressure Pr qualitatively agree"with thé reduced. melting
curves of the inert-gas solids [7] 1t seems therefore that -
the point of. dynamic instability lies close to the melting
- . point of the crystal. The critical temperature 7:* and the
oritical pressure;‘TZ* found here limited the instability .
~region,of the crystal. But it should be noted here that“the
damping’of bhonons ¢ the. second order terms in‘the _self-oonsis~
tent ‘theory [3] ) should be taken into account in order to get
'more rigorous results. They will be considered in a. separate »

paper.
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Fig. I, - The dependence of the pseudoharmonic renormalization
of the frequency oy = €Oy /wok'- at’ the

instability temperature on the reduoed pressure P
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© Fig. 2. The.dependence of the instability temperature

' \‘T,':':-; Q_, Jeos ~ on the dimensionless’ ooupling

oonstant. )\  of the atoms.” - =
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on the reduced pressure 'P'*.

The “delpen'dkenoek of the instability temperature Ts
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?ig. 4, - The dependence of the internal energy(J/A/) E; /C
©at ” the :Lnsta.b:l.lity temporature on the dimension- 5
less coupling consta.nt fA‘ Q.
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Fige 5. -The depep&enc’e»of the internal energy at the j_.nsta;bi—

1ity temperature on the re'duc‘ed pressure P* ..
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