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PREFACE

Many physical properties of so lids are d irec tly  dependent 

upon th e ir  atomic arrangement and the corresponding crysta l 

structure* The unusual properties possessed by m eta llic  glasses, 

amorphous semiconductors and composite materials are a conse­

quence of the modifications in  the ir atomic arrangement. In 

order to develop neu materials for specific  purpases# i t  is  

essential to understand the re la tion  betueen the interatomic 

forces which hold the atoms together and the macrosoepie 

properties exhibited by the so lids; However, the nature of 

these interatomic forces has eluded exact description* One of 

the uays to probe into the ir nature is  to disturb the e q u ilib r i­

um configuration of atoms in  the so lid  and to  study the reaction 

of the unbalanced forces to th is  disturbance. This takes us to 

the f ie ld  of la t t ic e  dynamics which deals w ith the coupled 

vibrations of atoms that are arranged on the la t t ic e  s ite s  of a 

crysta l*  Information regarding the nature and range of in te r­

atomic forces is  obtained by comparing the th eo re tica lly  deduced 

spectrum of permissible frequencies of solids and the vibrational 

frequency dependence on i t s  wave vector with the corresponding 

experimental data.

The phonon frequencies of metals are ca lcu la ted  e ither by a 

force constant method or by a pssudopotential approach. The 

atomic interactions are sp lit  into short-range ion-ion 

interactions and long.range electron-ion in teractions in  the 

former whereas they ere expressed in  terms of an appropriate



pseudcpotential in  the la tte r*  A va tie ty  of force constant 

modals in  which the ion-ion Interactions are expressed interns of 

tensor, central and angular forces and the slectron-ion in te r­

actions in terms of volume forces as w e ll as a large number of 

peeudepotentials have been developed for the la t t ic e  dynamical 

study of metals. However, the cubic metals in  general and a lk a li 

nsta ls in  p a rticu la r have received most of the theo re tica l 

attention so far and their experimental data could be f it te d  as 

well as predicted rather w e ll by many theoretica l models*

Among the noncubic metals the la t t ic e  dynamical study cf 

hexagonal close packed motels has received su ffic ien t attention 

but the theo retica l models suffer from many serious deficiencies*

On the contrary, the tetrsgonal metals have received hardly any 

theoretica l attention in the past* Nonatomic indium and diatomic 

white t in  are the only metals which have tetragonal structure*

Both of them exhibit superconducting properties at law temperatures* 

Diamond cubic (DC) grey t in  undergoes marteneitic transformation 

to  body centred tetregonel ( BCT) white tin *  Besides,the m isinter­

pretation of the crystallographic equivalence between face 

centred and body centred tetragonal structures has led to many 

serious errors in  the la t t ic e  dynamical studies of indium. Above 

a l l ,  ce rta in  aspects of interatomic forces which are completely 

obscursd by the high degree of symmetry associated with the cubic 

structures manifest themselves in  these structures leading to  

the e la s t ic  inconsistency of the force constant models*

A ll  force constant models that have been developed for the 

la t t ic e  dynamical study of tetragonal metals suffer from serious 

inadequacies* For instance, some of these neglect the electroiw lif*



in teractions altogether while others do not sa tis fy  the symmetry 

requirements of the la tt ic e *  In  the present investigation , the 

contributions from umklapp processes to the electron-ion 

in teractions! summed over several reciprocal la t t ic e  vectors, are 

included in  order to restore the trans la tiona l symmetry to  these 

models* Fu rth es t he e la s t ic  inconsistency of these models gives 

r ise  to two d ifferent expressions for The author has analysed

a va rie ty  of force constant modela to  establish that th is  

deficiency is  associated with the neglect of contributions from 

"three«bady forces” to  the ion-ion interactions of noneubie metals* 

8esides,phonon frequencies, phonon d istribu tion  function and the 

spec ific  heat of indium and t in  have been calculated using models 

which are free from above mentioned defic iencies an d  treating  the 

atomic arrangement as face centred tetragonal (fCT) as w e ll as body 

centred tetragonal (BCT) inorder to a rrive  at the correct in te r­

pretation for the ir crystallographic equivalence*

The en tire  work has been divided in to  eight chapters*

The f i r s t  chapter deals with the chronological developments in  

the f ie ld  of la t t ic e  dynamics of tetragonal metals and the scope 

of the present work* Second chapter deals with the construction of 

B r illo u in  zones of these metals and the enumeration of phase 

points* Variety of force constant models developed for the la t t ic e  

dynamical study of these metals are described and th e ir  deficiencies 

are discussed in  chapter three. Volume forces due to  presence of 

conduction electrons and the importance of umklapp processes are 

described in  chapter four. F ifth  chapter deals with the evaluation 

of force constants of a l l  models using requ is ite  number of 

experimental e la s tic  constants and zone boundary frequencies.
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