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1. Introduction

Recently a self-consistent (S.C,) theory of strongly anharmonic
crystals has been 'developed which allows to take into account in
the lower order perturbation theory all the higher order anharmonic
terms in a.S.C, manner (see/1-3/ and the references cited in/3/).
The propertieé of the three-dimensional lattice, namely the face-
centred cubic (f.c.c.) one with the nearest neighbour central force
interaction were considered "in paper/4/ in the case of a small
pressure. The properties of this lattice for the case of arbitrary
external pfessure were investigated in/5/ in the pseudo’harmorj.i,c
approximation, . "

In the present paper we take into account the damping of the
S.C. phonons and consider the properties of the f.c.c. laftice ‘with
the nearest neighbour central force interaction in the case of the
arbitrary external pressure'.

In Section 2 we obtain a S.C. system of equations for the de-
termination of the physical properties of the crystal at fixed pressure,

2, S.C, System of Equations for Stfongly Anharmonic
Crystai at Fixed Pressure
We consider a f.c.c. lattice consisting of N identical atoms
of mass M. Applying the method, which: was formulated in/3/, a S.C,
system of equations for the investigation of the f.c.c, lattice with the

- nearest neighbour central force interaction was obtained in/4/.
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The one-phonon Green’s function was obtained in the follow-

ing form: v

20,
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. (1.2)
The frequencies , (k=1k,j}) in equation (1.1) are determined

in the pseudoharmonic approximation according to/3/ by the equa-

tion v
f(e,0)
2 ’
@ N = —_f— 0-)0 Kk y (102)
where D4y is the harmonic frequency corresponding to the

strength constant f ., _
The renormalized phonon frequencies €, and phonon widths

', are determined approximately in the form
€ =0 +Rell () T =clmMl, (w+i8). (1.3)
The self-energy operator in the effective cubic approximation takes

the form: ) )
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For the central pair force model the function ﬁ’ai[g reads:

A(p+p~k)

|V, (=k,p,p)|? = -
4M°N I I

gg(eyz)Fg(—k;.qu')’ ) (1.5)

.
where F(k, ,k,k,) is a dimensionless sum over the lattice
points which is given in/4/. ,

The pseudoharmonic f(6,l) and the effective cubic g(6,0)
strength constants in equations (1.2) and (1.5) are ‘determined in

the S.C. manner
10,0)=¢7W), gl0,0)=¢"(2), (1.6)

where ¢(f) is the S.C. potential which is given in certain appro-.

ximation/4/ by the equation

1
2
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0
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u? (£) is the mean square relative displacement of neighboi:wing

atoms, It can be written using the Green's function (1.1) in the

form:
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IN{(0,8) x Km0 20

where Z is the number of the nearest neighbours (for f.c.c, lattice
72=12.),

In addxtxon to the temperature 0 kT the properties of the
lattice are deterrmned also by the volume V of the crystal or
by the external pressure P, Accerding to/3,4/ these parameters

sat1sfy the followxng equation -

Zze -
l'=f—g;—¢’(z) _"2_\1?""(# (Z) (1'9)



where v -.-(V/N):(la/\/i,—(l is the equilibrium separation of neighbour- -
ing atoms,
The  thermal properties of the anharmoruc crystal are deter-

mined by the internal energy E and free energy F which accord-
ing to/1,3,4] we write in the following form:

Becii>= Mgy Lico, ) W () 1esF, () (1.10)

FoF, +£.Z_{¢(g)__f(e f)uz(f)}+Fa(0) ' (1.11)
where

=60 3 In{2sinho,/20} (112)

and the effective cubic anharmonic contribution to the free energy

reads
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Therafore both the dynamical (1.3) and thermodynamical (1.10)
and (1.11) properties of the anharmonic crystal are determined by .
the. S,C, system of equations (1.1)-(1.9). To solve them we should
introduce the interatomic pair potential ¢(R) in the equation (L. 7),
which as in/4/ is taken as the model Morse potentlal then for
equatxon (1.7) we get:
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$(0) =€l o e -2 b, (1.14)

where ¢ is the depth of the Morse potential and ry, . is the ave-
rage distance between nexghbourmg atoms in the harmonic approxi-
mation, The strength constant in the harmonic approximation is gi-
ven by f=¢"(r;)=2¢a® . y=(f /2¢)us(l) =a? r2 (u? €)y/r2)
is the dimensionless mean square relative displacement of ne1gh-
bouring atoms. We note here after/l/ that the dewatlon of a Lennard-
Jones (12-6) interatomic potential from the Morse potential with ar 0 =5
in the domain of the thermal expansion of thé lattice is rather small,
Therefore we shall take further ar o =6, ‘
Let us consider the case in which the external pressure is
fixed P = const., but contrary to/4/ we do not suppose that P is
small, The equilibrium lattice constant depends on the temperature
of the crystal if we keep the external pressure fixed, The equlib-
rium separation of neighbouring atoms ¢ ca?n be written as follows

1
E(e)= -ZO+82 = l'o {1+-4— Yy +

r

-1, (2.15)
0 . .

where Z is the equilibrium separation at P=0 which can be de-
termined using equations (1.9) and (1,14), It is convement to introduce
the reduced pressure P*=P(03%/¢), where of- /2 is the
parameter of the Lennard-Jones (12—6) mteratomm potentlal Then
equation (1.9), taking into account (1.14) and (1.15), reads

s s 0t 5¢
. - 2 -y O O
P ©le  Tole -1y, (1.16)

2
Using ' equations (1.14), (1.15) and (1.16) the dimensionless pseudohar-
monic st'rength constant @ according to (1.6) can be written as

follows



where

P* £ 2 ,}l/z

y=1{1+ (

Solving the last equation for y we get
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(1.27) |

(1.18)

(1.19)

Consequently, the expressions for the S.C. potential (1.149),

the equlibrium separation of neighbouring atoms (1;15) and the effec-

tive cubic ‘strength constant (1.6) can be written as follows
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Evaluation of the o -integral in expression (1.8) in the case
of finite phonon widths is not so easy as it was in the pseudohar-
monic approximation/f)/ and should be done numerically, But we can
obtain an approximate expression for (1.8) if we take into account
the explicit form of the self-energy operator (1.4) in the high and
low temperature limits, The results of these calculations will be

given in following papers.
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