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The original model of de Launay has been extended to consider interionic interactions. 
out to fourth neighbours. The present formalism has been applied to study lattice dynamies 
of four alkali metals viz sodium, potassium, lithium and rubidium. The phonon dispersion 
curves along the principal symmetry direetions, frcqucncy versus frequeney distribution 
function as well as lattice heat capacities ate calculated and compared to experimental results. 
An excellent agreement has been obtained between the theoretical and experimental results. 
for all the four metals studied herc. 

1. Introduction 

Before the  a d v e n t  of  neu t ron  inelast ic  sca t te r ing  technique  to de t e rmin �91  ~ 
e x p e ¡  the  phonon  wave  vec to r  versus f r equeney  relat ions,  a la t t ice  
d y n a m i c a l  model ,  such as t h a t  of  DE LAUNAY [ 1 ]  and BHATIA [2], was t e s t e d  
b y  its reproducib i ] i ty  of  the  expe r imen ta l  hea t  capaci t ies  ve r sus  D e b y e  
charac te r i s t i c  t e m p e r a t u r e  curves.  Owing to  the  fac t  t h a t  O represents  a n  
averag ing  over  the  ent i re  f requency  spec t rum a lmos t  aH the  models  (see de t a i l  
in vE LxuNAY [1] were able to  differ  v e r y  little. I t  was also not iced t h a t  t h e r e  
was n o t a  grea t  need to consider  interionic in terac t ions  b e y o n d  the second 
neighbours .  Becausc a considerat ion up  to  second nc ighbours  had  served t h e  
purposc  and  also there  were no expe r imen ta l  da t a  to  f i t  more  d i s tan t  neigh-  
bour  in terac t ions .  

The  ava i lab i l i ty  and the  i n t c rp re t a t i on  of expe r imen ta l  dispersion curveg  
of simple meta l s  have  revea |ed  the  fac t  t h a t  i n t e ra tomic  forces in meta ls  a re  
quite long ranged  and  thus  a c u s t o m a r y  two nc ighbour  model  or three  p a r a -  
me te r  model  would not  be ablc to  predic t  cx t r eme ly  well the  phonon  dispers ion  
relat ions even in the  pr incipal  s y m m e t r y  directions, the  easiest  expe r imen ta l  
b ranches  to  f i t  in. I t ,  thus,  has rev ived  a great  in teres t  in the  theore t ica l  side 
of  la t t ice  dynamics  of  s imple meta ls .  

To unde r s t and  lat t ice dynamics  of metals  one needs to know the ac tua l  
in t e ra tomic  in terac t ions  present  there .  The prcsence and  influence of conduc-  
t ion e]ectrons on la t t ice  v ib ra t ions  of  meta ls  complicates  the whole s i tuat ion.  
This  p rob lem has been solved so lar  b y  two different  ways.  One of  the me thods ,  

1 * Acta Physico Acodemiae Seientiorum Hungaricae 37, 1974 



188 n .  CAVALHEIRO and M. M. SHUKLA 

which takes account of actual metallic interactions present in metals known as 
fundamental  model, has been developcd by  ToYA [3] and extended further 
by  SHAM [4], VOLSKO et al. [5], and HARaISON [6]. The other method which 
is much simpler in mathematical design also termed as phcnomenological model 
has been intiated by  DE LAUNAY [1] and BHATIA [2] and carried out to bet ter  
and better  shapes by  SHARMA and JosHI [7], KREBS [8] and CHEVEAU [9]. 
The models of SHARMA and JOSHI [7], KREBS [8] and that  of CHEVEAU [9] 
have gained considerable success in the interpretation of phonon dispersion 
relations for sevcral cubic metals. In some cases the original modcls were also 
modified to consider the intcrionic interactions beyond the second neighbours 
to explain the experimental results. 

Ir was felt by  the present authors that  the failure of not rcproducing the 
experimental dispcrsion curves of simple metals by  DE LAUNAY'S model [1], 
thes successful phenomenological model for metals, lied in its termination 
of interionic interactions ou t  to second neighbours only. Recently t h e y  have 
thus (see SHUKLA and CAVALHEIRO [10]) extended the original model of 
DE LAUNAY to consider the interionic interactions out to any desired number 
of neighbours. They have applied thcir formalista to copper by calculating the 
phonon dispcrsion relations in copper and obtaining the theoretical results very 
close to experimental ones with interionic interactions up to fourth neigh- 
houxs. The application of extended DE LAUNAY model for  0ther f.c.r meta ls  
(see SHUKLA a n d  C&VALH~IRO [11]) and CAVALHEXaO and SHUKLA [12]) was 
alAo ,mct with similar success. 

The great success of extended DE LXUNAY model in the study, of f.c,c. 
meta~  ~encouraged the presqnt authors to take up the study of b.c,c, metals. 
The simple: b c,C, metals for which cxtensive phonon dispersion relations as 
wcll as thermal ~and elastic dat;t aro available are the alkali metals. We have 
thus computed phonon dispersion eurves, latt ice hca t  eapacitics and (O -- T) 
cttrves of these meta]s, and these results aro rcported here. 

2. Theory 

The secular determinant hy which the frcquency of vibration is determin- 
ed is given by  (see SHUKLA and CAVALHEIRO [10]) 

Dll - -  mo~Z -~ p R  1 D12 -~ qR 1 D13 ~- rR  1 

D21~-pPt 2 D22--mw 2~-qR 2 D23-~rR 2 : 0 ,  

D31 ~ -pR 3 D32 -~ qR 3 D33 -- meo 2 -~ rR 3 
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where  

R a ---- (DŸ --  D11)p + (DŸ - -  D12)q -4- (DŸ - -  D13)r, (2.1) 

R 2 = (DŸ - -  D2~)p + (D Ÿ D2~)q + (DŸ - -  D23)r, (2.2) 

R a = (D~~ -- D3~)p + (D~2 --  D32)q + (D~3 -- D33)r, (2.3) 

W h e n  the  in te r ion ic  i n t e r a c t i o n s  a te  t a k e n  u p  to  f o u r t h  n e i g h b o u r s ,  t he  
t y p i c a l  d i a g o n a l  a n d  n o n  d i agona l  e l e m e n t  of  the  d y n a m i c a l  m a t r i x  is g iven  

b y :  

8 
Dii = -~- ~t (1 CiCjCk) A- 4 ~S~ -4- 4 7 [1 - -  (2C~ - -  1) .  (C~ + C~ - -  1)] A- 

+_3_~8 [(11 - -  9(1 --  4 S|) CiCIC k - -  2 (1 --  2 S~ --  2 S~) CiCiCk] , (3.1) 

D,j = otCkS, Sj + 8 7C, S~St -4- - - ~  e [6 (2 C~ -t- 2 C] -- 1) A- (1 - -  4 S~)] CkSiSj ,  

(3.2) 

S ---- sin a K  i, 

C = cos a K  i. 

a = l a t t i c e  p a r a m e t e r  a n d  Kl( i  -=- 1,2,3) a t e  e a r t e s i a n  c o m p o n e n t s  of  t h e  w a v e  

r e c t o r  k �9 p ,  q a n d  r a t e  t h e  d i rec t ion  cos ines  of  w a v e  v e c t o r  k ~. 

B y  c h a n g i n g  ~,/~,  7, e t o  ~/, t~', 7 ' ,  e ' ,  t he  e l e m e n t s  DŸ a n d  DŸ 1 a t e  ob- 
t a i n e d  f r o m  ( 3 . 1 )  a n d  (3.2). 

3. Relat ion between elastic constants and force constants  

B y  e x p a n d i n g  t h e  s ecu la r  d e t e r m i n a n t  in l ong  w a v e l e n g t h  l imŸ t h e  
fo l lowing r e l a t i o n  b e t w e e n  e las t ic  c o n s t a n t s  a n d  force  c o n s t a n t s  a t e  o b t a i n e d  

2 , ti, 166 , 
a c 1 1  : - -  -~ 2 -t- 4 7 '  + ' (4.1) 

3 11 

acl~ = 2 of' -4- 6 7' + 
114 4 11 

e '  - -  - -  ~ - -  4 - -  m ~ ,  (4.2) 
11 3 76 

2 38 
= - -  ~ ( 4 . 3 )  

"5  1 1 
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with the following interrelation among the force constants 

78 . , e). (4.4) 2 ( ~ ' - - ~ ) §  ti) + ~ ( e  -- 

The bulk modulus of electron gas in given by  

2 57 
Ke = c~~ - c .  - ( ~ '  - ~ )  + 3 ( ~ '  - r )  + ~-. (~~- ~) ( 4 . 5 )  

a 1 1  

4. P h o n o n  dispersion relations along symmetry direetions 

In these direetions the solution of dynamical matrix reduces to ver)" 
simple equations such as: 

mr -- D~t , (5.1) 

mr = Dll + DI~, (5.2) 

mO~~q o -= DŸ + DŸ (5.3) 

mW~.qq o =- Dll - DI~, (5.4) 

mtO~-qqo = D33 , (5.5) 

mtO~qqq = DŸ + 2 DŸ (5.6) 

mO~~qqq = D l 1  - ~  DI~. (5.7) 

5. Lattice specific heat calculations 

The calculation of lattiee specific heat can be carried out on the basis of 
the formula 

v~ 

C~ = 3 R L~ E (h~,q g 0') d (v) , (6.1) 
0 

where g(v) is the frequency distribution function and E(x)  is the 
specific heat function given by  

X 2 e x 
E ( x )  - 

(e x -- 1)2' 

Einstein 

(6.2) 

where vL is the largest frequency in the frequency spectrum and R is gas 
constant. 
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6. Numerical eomputations 

Before the calculation of phonon frequencies is earried out the evaluation 
of numerieal values of force constants is necessary. There are seven independ- 
ent  parameters in this model and we needed seven independent equations to 
determine them numericaHy. We have used three equations relating the foree 
constants with elastic eonstants and four more equations relating the force 
constants with the experimental zone boundary frequencies of the first Brillouin 
zone. We made several ehoices of these four frequencies and found tha t  the 
zone boundary frequencies corresponding to I ~00 I and I$~0[ branches gave 
good fit with the experimental dispersion euves. Care was taken to use the 
experimental elastic constants either at the temperature at which phonon 
frequeneies were measured or very near to tha t  very temperature.  The phonon 
frequencies of sodium were measured by WOODS et al. [13] at 90 ~ but  the 
experimental  values of elastie eonstants were available only at 78 ~ Thus 
we had to employ 78 ~ values of elastic constants from the work of QUIMBY 
and SIEGEL [14]. 

The phonon frequencies of potassium were measured by COWLEY et al. 
[15] at 9 ~ but  no experimental values of elastie constants were available at 
tha t  temperature.  We thus took the values of elastie constants at 4.2 ~ 
from the work of MARQUARDT and TRIVlSONNO [16]. The phonon frequencies 
of lithium were measured at 98 ~ in the work of SMITH et al. [17]. In the 
absence of elastic constant data at tha t  temperature we took the values of 
elastic constants at 78 ~ from the work of NASH and SMITH [18]. The phonon 
frequencies of rubidium were measured at 120 ~ by COPLEY et al. [19]. The 
experimental value of elastic constants of this metal was available only at 80 
~ from the work of ROBERTS and MEISTE~ER [20]. Then se of 80 ~ elastic 
constants did not gire a good fit  with experimental results. We then used the 
extrapolated values of elastie constants at 120 ~ from the work of COeLEY et al. 
[19]. Even that  also did not gire a good fit. CO•LEY et al. [19] had put  some 
doubt on the experimental value of c11. We thus varied the values of %3 ar- 
bi trari ly and found that  about 8% a higher value of cll than predicted by 
COPLEY et al. [19] gave exeellent fi t  with the experimental data. Our choice 
of  cll was quite close to that  predicted theoretically by BAILYN (see HU~TINr 
TOI~ [21]). The input data to calculate force constants are given in Table I, 
while the output  values of foree constants ate given in Table II .  The caleulation 
of phonon dispersion curves along the three prineiple symmetry  directions 
has been carried out on the basis of equation number 5.1 to 5.7. The ealeulated 
phonon dispersion curves of sodium, potassium, lithium and rubidium are 
shown in Figures I to 12 together with experimental points for comparison. 
The specific heats at constant volume have been calculated on the basis of 
Blaekman's sampling technique. For this purpose we divided the first Brillouin 
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Table I 

Input data to calculate foree constants 

~mbstance 

Sodium 

Potassium 

Lithium 

Rubidium 

Cxl 
(10 xI dyn 

en1-2) 

.808 

.4167 

1.484 

3.26 

Elastic Constants 

Cts 
(IO n dyn 

on~ -2) 

.664 

.3413 

1.253 

2.78 

C44 
(10 lx dyn 

cm -2) 

.586 

.2860 

1.080 

1.57 

Atomic 
Mass 

10 - n  cm 

3 . 8 1 6 3  

6.4909 

1.1520 

14.188 

Lattice 
Parameter 
(10-* cm) 

4.24 

5.225 

3 . 4 9 1  

5.620 

Phonon 
Frequencies 

(THz) 

*LIee -~ 3.58 
VTle, ~- 3.58 
VLlxe ----- 3.82 
PT110 2.56 

VLlee -~ 2.21 
~Tle ,  ----- 2.21 
~Lne ~-- 2.40 
;'7"m "----- 1.50 

VL1 w ---- 8.82 
vTle, --~ 8.82 
vLn * ~--- 9.00 
VTu , --~ 5.70 

vLlm= 1.315 
~TIN---~ 1.315 
~ L m ~ - -  1.460 
�9 T110= .900 

zone  i n t o  a n  e v e n l y  s p a c e d  s a m p l e  o f  1000 w a v e v e c t o r s .  F r o m  t h e  s y m m e t r y  

r e q u i r e m e n t s  t h e s e  1000 p o i n t s  were  r e d u c e d  t o  o n l y  47 n o n e q u i v a l e n t  p o i n t s  

i n c l u d i n g  t h e  o r ig in ,  l y i n g  w i t h i n  1 /48th  p a r t  o f  t h e  B ¡  zone .  A f t e r  

so ]v ing  t h e  s e c u l a r  d e t e r m i n a n t  for  t h e s e  47 p o i n t s ,  t h e  spec i f i c  h e a t s  we re  

e a l e u l a t e d  w i t h  t h e  he lp  o f  e q u a t i o n  10.1. T h e r e  a t e  s e v e r a l  d a t a  for  t h e  ex-  

p e r i m e n t a l  Ce for  aH t h e  a lka ] i  m e t a ] s .  T h e  e x p e r i m e n t a l  h e a t  e a p a e i t i e s  o f  

s o d i u m  were  m e a s u r e d  b y  MARTIN [22], SIMON a n d  ZEIDLER [23],  FIx,eY 

a n d  MARTIN [24], ROBERTS [25] a n d  PA~�91 a n d  QUARRINGTON [26].  F o r  

e o m p a r i s o n  w i t h  ou r  t h e o r e t i c a l  r e s u l t s  we  h a v e  c h o s e n  t h e  e x p e r i m e n t a l  

r e s u l t s  o f  MXRTIN [22] a n d  t h a t  o f  SIMON a n d  ZEIDLER [23] b e c a u s e  t h e s e  

m e a s u r e m e n t s  c o v e r e d  a w i d e  t e m p e r a t u r e  r a n g e  o f  Ce. T h e  e x p e r i m e n t a l  v a l u e  

Table H 

Substanee 

S o d i u l n  

Potassium 

Lithium 

Rubidium 

3700 

2430 

6550 

1900 

472 111 

437 35.0 

690 --245 

420 52.3 

- -  29.0 

- -  30.5 

27.5 

--31.0 

3 5 8 0  

2 2 3 0  

6 4 7 0  

1 8 8 0  

P 

213 

48.3 

464 

292 

7 

27.3 11.1 

- -  61.5 36.3 

--  364 52.3 

- -  38.2 - -  22.4 
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of ~, the electronic heat capacity coefficient for sodium was taken to be 330p 
cal deg -2 mol -1 from the work of MAI~TI~ [27]. The lattice heat capacities of 
potassium were measured by SIMON and ZEIDLER [23], KRIER et al [28], 
]:{OBERTS [25], FILBY and MARTIN [24] and LIEN and PHILLIPS [29]. To compare 
with our theoretical Cv we have chosen the results of KItIER et al [28] and tha t  of 
FILBY and MARTIN [24] as they covered a wide temperature range of C~. The 
coefficient of electronie heat capacity for potassium was taken to be 497p 
cal deg -z mol -1 from the work of FILSy and MAItTIN [30]. The experimental 
heat capacities of lithium were measured by SxMo~ and SWAIN [ 3 1 ] ,  MARTIN [32 ], 
FILBY and MARTIN [24] and by ROBERTS [25]. The most reliable set of ex- 
perimental results were those of MARTIN [32] and that  of SZMON and SWAIN [31]. 
We have compared our theorctical Cv with these data. The coefficient of 
electronic heat capacity for lithium was taken from the measurement of 
MARTI1~ [33]. The lattice heat capacities of rubidium were measured by LIEN 
and PHILLIPS [29], FILBY and MARTIN [24] and by MANCHESTER [34]. The 
results of FILBY and MAltTIN were chosen for comparison with our theoretical 
Cv as this covers a wide temperature range of experimental data of C~. The 
coefficient of electronic heat capacity for rubidium was taken from the mea- 
surements of FILBY and MARTI~ [30]. The calculated and experimental C~ 
versus temperature curve for aH alkali metals aro shown in Fig. 13. The calcu- 
lation of Debye characteristic temperature, 8 ,  follows from the knowledge of the 
heat capacities and the temperature at which such calculations were made. 
The corresponding ((9 -- T) curves of all the four alkali metals are shown in 
Figs. 14 to 17 together with experimental curves for comparison. 

7. Comparison with experimental resuhs 

A. Sodium 

The study of Figs. 1 to 3 shows tha t  there is an excellent agreement 
between the calculated and experimental phonon frequencies for all the three 
symmetry directions. Some little deviations exist in the transverse branches 
of I ~~~ l and I~~0 t but, in no case do these deviations amount to more 
than 3 percent. The study of Fig. 13 reveals that  the theoretical Cv has almost 
reproduced the experimental ones in the temperature range of 0 ~ to 250 ~ 
The study of Fig. 14 indicates tha t  the theoretical (8 -- T) curve has reproduced 
the entire course of the experimental curve but it lies about two percent below 
the experimental eurve. The theoretical eurve showed good agreement with 
the experimental results of SIMON and ZEIDLER [ 2 3 ]  a t  higher temperatures 
and with the results of FILBY and MAltTIN [24] at low temperatures. 
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F i  8. I. Dispersion eurves of  sodium along [100] direction. Experimental  data 0s W o o D s  et al. 
marked  by �9 and O. The small of big symbols for the same branch ate  adapted to show the  

eorresponding uncertainties in the experimental  frequency 
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Fig. 2. Dispersion curves of sodiuIn along [llO] direction. Captions ate t]:e ~;~11~~ as [or Yig. 1. 
Two experimental transverse branches are marked by i ~.~nd �9 
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T 
5o I 
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30 

20 
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O0 
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F i g .  3. Dispe r s ion  c u r v e s  o f  s o d i u m  a long  [111] d i rec t ion .  Cap t i ons  a te  t he  s a m e  as for  Fig.  1 

B. Potassium 

A study of Figs. 4 to 6 reveals the faet that  there is an exeellent agreement 
between the ealculated and experimental phonon dispersion relations of potas- 
sium along all the three principal symmetry directions. Probably, a notieable 
difference between the theoretieal and experimental result is exhibited in the 
transverse branch of I�91 I and, tha t  too, in the high frequency ends only. 
The maximum departure between the calculated and experimental frequency 
has been found to be of the order of four percent. No comparison was possible 
for the transverse branch T 1 of the [~~0 [ direction as no experimental data 
exist for this branch. From the study of Fig. 13 one can make out that  there 
is excellent agreement between the calculated and experimental heat capaeities. 
The calculated curve has almost reproduced the experimental ones in the whole 
temperature range of 0 ~ to 150 ~ An inspection of Fig. 15 gives an idea 
tha t  the calculated (O - T) curve is in excellent agreement with the experi- 
mental curve, The calculated curve is on the average about two percent bclow 
the experimental curve. The agreement towards the higher temperature region 
is much better. 
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u3 

o 

50 

40 

30 
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Fi@. 4. Dispersion curves of potass ium along [100] direction. Exper imenta l  da ta  of CowIn~Y 
�9 Al. marked  by  o and m. The small  oz big symbo]s for the  same bzanch ate adapted  to show 

the  corresponding uncertaint ies  in the  exper imental  frequeney 

[100 ] P O T A S S I U M  i 50 

40 

~o 30 

o 2~ 
1O 

O0 02 O�91 06 08 10 

ak I 21[ 
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Fig. 5. Dispersion curves of potass ium along [110] direction. Captions are the  same as t b a t  of 
Fig. 4 
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Fig. 6. Dispersion curves of potassium along [111] directions. Captions ate the same as that 
of Fig. 4 

C. L i th ium 

A s tudy  of Figs. 7 to 9 reveals the  fac t  t h a t  there is an exeellent  agreement  
between the ealeulated and exper imenta l  dispersion relat ions of l i thium in all 
the  s y m m e t r y  directions. The exper imenta l  error  in the measurements  of  ex- 
per imenta l  phonon  frequencies of this meta l  has been m a x i m u m  in comparison 
to other  alkali metals.  Sinee we have f i t t ed  the foree eonstants  with the ex- 
per imenta l  zone bounda ry  frequencies the  unce r t a in ty  in the calculated force 
constants  was impossible to eliminate.  Seeing aH this ambigui ty  the  agreement  
between the  calculated and exper imenta l  phonon  frequencies  is remarkable .  
The theoret ieal  curve was unable  to  explain the crossing of t ransverse  and 
longitudinal  branches  in the [~00] direction. The m a x i m u m  difference between 
the ealculated and exper imenta l  phonon  f requency  is found to  be less t han  f ive 
percent .  A s tudy  of Fig. 13 shows t ha t  the theoret ical  Cv versus t empera tu re  
curve shows ah excellent  agreement  with the exper imenta l  curve.  The theo-  
retical  curve is found  to be above the  exper imenta l  eurve up to  180 ~ and 
above t ha t  ir lies a top the theoret ieal  curve.  A s tudy  of Fig. 16 reveals t h a t  
the theoret ical  (O --  T) curve of l i thium has been able to reproduce the entire 
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shape of the experimental curve but  the theoretical curve lies about 4~ below 
the experimental curve. The agreement between the two results seems to be 
better  in the regions of low temperature range than in tha t  of high temperature  
range. 

D. Rubidium 

A study of Figs. 10 to 12 reveals the information that  the theoretical 
phonon frequeneies of rubidium have almost reproduced the experimental  ones. 
Very little deviations exist between the calculated and experimental  phonon 
frequencies in the transverse branch of [~~0] and also near the zone boundary  
in the [~~~] direction. A study of Fig. 13 reveals tha t  the theoretieal heat  
capacities are in excellent agreement with the experimental resuhs. The 
theoretieal Cv curve has almost reproduced the experimental eurve up to a 
temperature of 180 ~ and above tha t  the theoretieal curve attains saturation 
and the experimental  eurve rises further.  A study of Fig. 17 shows tha t  the 
theoretical ({9 -- T ) cu rve  has reproduced the eorrect shape of the experi- 
mental eurve. The theoretieal curve lies about two percent below the ex- 
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p e r i m e n t a l  curve.  The  ag reemen t  be tween  the  ca lcula ted  and expe r imen ta l  
O has been  found to be m u c h  be t t e r  in the  high t e m p e r a t u r e  range.  

8. Discussion 

The present  s t udy  of la t t ice  dynamics  of  four  alkali  metals ,  n a m e l y  t h a t  
of  sodium,  potass ium,  l i th ium and rubid ium,  on the  basis  of  ex tended  , E  LAu- 
r~AY'S mode l  has given an excel lent  ag reement  be tween  the  caleula ted and  ex- 
pe r imen ta l  phonon  dispersion relat ions along the  m o s t  s y m m e t r i c  direct ions,  
la t t ice  hea t  capac i ty  versus  t e m p e r a t u r e  curve  and  Debye  charac ter i s t ic  
t e m p e r a t u r e  versus  t e m p e r a t u r e  curve.  The  ag reemen t  be tween  theore t ica l  
and  expe r imen ta l  resul ts  have  been ex t r eme ly  good and  in mos t  of  the  tases  
the  theore t ica l  resul ts  h a v e  a lmos t  r ep roduced  the  expe r imen ta l  ones. The  
m a x i m u m  devia t ion  be tween  the  two sets of  resul ts  have  been found  of  the  
order  of  3Yo in the  case of  phonon  frequencies and  of  the  order  of  4 %  in the  
case of  Debye  charaeter is t ic  t empe ra tu r e .  I t  should be po in ted  out  t h a t  the  
original vE LAUNAY model  appl ied to alkali  meta l s  had  failed to reproduce  the  
e x p e r i m e n t a l  phonon  frequencies  and was also not  able to give such a good 
ag reemen t  be tween  theore t ica l  and  expe r imen ta l  O as can be seen f rom the  
works  of  DAYAL and SHARAr~ [35,36].  The appl ica t ion  of  ex tended  VE LAu~XY's 
model  to  f.c.c, s t ruc ture ,  as is ev iden t  f rom the  works  of  SHUKLA and CAVAL- 
HEIRO [10, 11] and  CAVALHEIRO and SHUKLK [12], also m e t  wi th  a s imilar  
success. Thus  the  s t u d y  of  la t t ice  dynamics  of  sevcral  s imple cubic me ta l s  on 
the  basis  of  ex t ended  DI~ LAUNAY'S model  has  conf i rmed  this  poin t  t h a t  in ter-  
ionic i n t e r a c t i o n s  in meta l s  are quite long r a n g e d  a n d a t  least  four th  neares t  
ne ighbour  in terac t ions  are necessary  to ob ta in  a good f i t  wi th  the  expe r imen ta l  
la t t ice  dynamica l  da ta .  
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