
Reprinted from "The Proceedings of the Indian Academy of Sciences", 
Vol. X X X V I I ,  No. 3 ,  Sec.  A ,  1953 

THE CHARACTERISTIC VIBRATIONS OF 
CRYSTAL LATTICES-PART I 

BY K. S. VISWANATHAN 
(From the Raman Research Institute, Bangalore) 

Received December 23, 1952 
(Communicated by Sir C. V. Raman, F.R.s., N.L.) 

THE importance of the knowledge of the different modes of atomic vibrations 
of a crystal, which constitutes the core of any theory on the thermal and 
optical behaviour of solids, needs hardly to be stressed. The first great 
step towards a proper theory on the thermal energy of solids was undertaken 
by Einstein who evaluated the specific heat of crystals on the assumption 
that the different atoms of the crystals are independent oscillators, each 
contributing the same amount to its thermal energy. The later theory of 
Debye rests on the assumption that the proper vibrations of the atoms of 
the crystal can be identified with the different modes of vibrations of an 
elastic body and as such seeks to replace their thermal energy with the 
energy content of elastic bodies. While the Debye theory clearly ignores 
the lattice structure of crystals and the atomic constituGon of matter, these 
were taken into account in the theory of Born-Karmanl which was pro- 
posed almost simultaneously (1913). The Born lattice dynamics sought to 
enumerate the different normal modes of vibrations of a crystal composed 
of N atoms and postulated the existence of a total number of (3N-3) 
frequencies, forming a continuous spectrum spread over a wide range of 
frequencies. On this basis, each degree of freedom of the system corresponds 
to a wave whose wavelength is determined by the cyclic boundary condi- 
tions. An attempt to apply the Born-Karman theory to some simple cases 
of cubic crystals was made by Blackman2 who reported the presence of 
several maxima in the frequency spectrum; but still no qualitative descrip- 
tion on the nature of the frequency spectrum of a general crystal is available 
in the literature. On the other hand, the application of the theory to any 
physical problem involving quantitative calculations is severely complicated 
so that the attempts to make progress in this direction have not been success- 
ful, even with several simplifying assumptions regarding the nature of the 
inter-atomic forces. 
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