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In paper /1 the properties of the f.c.c. lattice with nearest
neighbour central force interaction were considered in the case .
of the arbitrary external pressure, The instability temperature, thé
critical temperature, the phonon frequencies, the phonon widths and

the thermodynamical properties of.the f.c.c. lattice were calculated
in the high temperature limit in / 2/. In the pfesent paper these
quantities are calculated in the low temperature limit, Finally we
discuss the results obtained in all three parts of our work,

The Low Temperature Limit (6 << wp )

In 13/ an expression for the self-energy operator (1.4)"). was

obtained in the low temperature limit in the form

2
(6,) :
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3,1
£8(0,0) % @y, -5 o e (3.

’ 3,4/,

€= 1020 is the zero-point energy per atom in pseudoharmonic

where the dimensionless sums S ok and §,, are given in

approximation, The notations are the same as in /1,2],

3

=) The formulee of our previous papers / 1/ and / 2/ are quoted as
(1. . ) and (2. . .), respectively, e.g. (1.4) means formula (1.4)
of o .
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Equation /1.8] can be written in the low temperature limit
taking into account the explicit form (3.1) of the self-energy operator

approximately as

— 2 . 4 9
/A . g (6,0) .1 37* ¢* g (6,0)
> £(0,0) 7(2) 6l Vo€, 0.1 + = w; +v € 6.0 (3.2)

- 3
with the numerical coefficients v, =7.3x 107> | v =010 13,
Taking into account (1.17), (1.18) and (1. 22) the S.C, equation

(3 2) can be written apprommately as follows

P* [4 2,2
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where function y(a) is given by (1.19) and (1.21),

In the low temperature limit it is interesting to investigate the
crystals with weak coupling, The dependence of the real solutions
of the S.C. equation (3.3) on the reduced temperature T* and
reduced pressure P* is givén in Fig, 3,1a for A= 3 and
in Fig, 3.1b for A =2, If A>A _ = 2,24 the solutions of the S,C.
equation (3.3) (see Fig., 3.1a) have the similar behaviour as the
solutions of the S.C. equation (2,3) (see Fig. 2.1) in the high
temperature limit. Therefore we do not repeat here the discussions
of /2/ The dependence of the instability temperature T# on the
reduced pressure P* is similar to that which was found out in
the high temperature limit (see Fig. 3.2 and Fig. 2.2), In the case’

A = 3 we get the following value for the critical pressure

P* ~ 1.5 and critical temperature T ~0.82,

‘ If the coupling constant is sufficiently small' ( A <A _ ) the
crystal becomes unstable even at 7. = O, because in this case
the zero-point energy is sufficienﬂy large, But when an external
pressure is applied a stable crystal state appears which behaves
in the analogous manner as in the case A>A (see Fig, 3.1b),



The frequencies of the renormalized phonons and their widths
(1.3) according to (1.17), (1.18), (1.22) and (3.1) can be written in

the following form

fk 6 2 3n 4

_m =a—T{2+l/y¥ {ReSOk+ - Reslk} (3.4)
0k .

r 6 3t
xS 2 1/y 1P ISy e (—) IS (3.5)
@oy 5 @

(In the calg:ulations the following approximate values were taken /3/
-3 - .
ReS,, ~Im Sy~ 1.85x 107", ReS, ~ImS,, =125 x 107" ).

In Fig. 3.3 and in Fig. 3.4 the dependence of the renormalized

phonon frequencies ¢,/ @ and phonon widths T /o,

0k
on the reduced temperature is presented for A = 3, respectively.
It is seen from Fig. 3.3 and Fig. 3.4 that both of these properties
depend slighly on the temperature in the region . T*< T* . In the
region TS T’: the phonon widths grow rapidly but remain
sufficiently small, This results for P*<<1 coincide with those
of work 3/,

In the low temperature limit according to /3,4/ we can wnte

the expressions (1.12) and (1.13) for the free energy in the following

form

774 T 4
Fo-No, (1= (2" |
(3.6)
- i 62 3 4 64
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£(6,0) 5 )

with ‘the numerical coefficients B~ 1,85 x 1073, C ~1,25x% 10"2
, Taking into account (1.17), (1.18) and (3.6) the expression
for the internal energy (1 10) and the free energy (1 11) takes

the form
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(In the calculations the following approximate values were taken:
ReS, =3x10"" , ImS, = 1x107" ) . In Fig. 2.3 the depen-
dence of the renormalized phonon frequencies ¢, /@,, (P*=0)
on the reduced temperature T* is presented for some values of
P* . In Fig, 24 T', /e is given as a function of T* , The
results obtained here for P*<< 1 coincide with those of work/2/,

In the high temperature limit according to 2,3/ we can write

the expressions (2,12) and (2,13) in the following form

F,=3N0 In(0.65 —‘(;’-r_),

(2.7)
-~ 2 ‘
fo(0)=—-No2a 200
? £2(6, £)
where the numerical coefficient A = 56 x 10-2, Taking into

account (1.20), (2.2) and (2.7) the internal energy (1.10) and the

free energy (1.11) can be written in the form

e~ —L B ~085T*-2a% (14+07y )4 o (L) | (2.8)
3Ne 4 ro
1 ‘ 78 «a T* 2 y P* 4 2

[ - F~TxI 2y T eras L ,
3Ne M) T e ) (29)

0

In the calculation of the free ‘energy A =20 was taken.,
In Fig. 2,5 the reduced thermodynamical potential g =f+ P*y*
is given as a function of the reduced temperature T* . We note
here, that the function g(T*) has a minimum at the temperature '
slighty lower than T} . The dependence of the reduced internal
energy e on the temperature T* is presented in Fig. 2.6, We
note here, that the decrease of the internal enefgy with the

increase of the temperature does not appear in the pseudoharmonic:
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approximation and in the low temperature limit, In the both cases
the internal energy is an increasing function of the temperature
and its curves have a van der Waals character.

The dependence of the reduced volume v*=V\/-2—/Nr'3=(E/ro )?
on the reduced pressure is given in Fig. 2.7. It is worth-while
to note, that the curves have a van der Waals character, An
analogous result was obtained in /4/.

The calculation of the f.c.c. lattice properties in the low
temperature limit and a detailed discussion of the results will

be given in the following paper.
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Fig. 2.3, The dependence of the renormalized phonon frequencies

ck/wo" (P*=-0)

on the reduced temperature T*
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Fig. 3.3. The dependence of the renormalized phonon frequencies
e/ wy, on the reduced temperature T* ( A = 3),
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Fig, 3,4. The dependence of the phonon widths T, /¢ on the
temperature T *(A=3) .
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