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PREF ACE

The present investigations desl with the non-
entral interactlions in non-cubic metals. Non-eentral
‘orces have been invoked to explain the Cguchy dis-
*repancy in the csse of metals. There are two ways
in which these non-centrsl interactions have been
axpressed, In one as a combinstions of central and
volume forces and in the second as the sum of céntral

plus sngular forces. The volume forces sccording to
Fuchs® owe thelr origin to the presence of the free
conduction electrons in metals. In the case of bee
and fee mebals demLaunayz by resclving each plane
weve into a dilatal and shear part found that Lhe
Cauchy diserepancy must be equal to the bulk modulus
of the free electron gas., In thelr paper ton elastic
and force constants of a simple tetragonal erystal?

Mitra and Gokhale® have spplied a simllar approsch in

1l. K, Fuchs. Proe. Roy. Boc, Al63, 622 (19363.

2, J. delaunay J. Chem. Phys. 21, 1975 (1953).

3. G,B. Mitrs and V.B. Gokhale J. Chem. Phys. 28,
1665 (1957), ' ' '
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which the equations of motion are expressed in terms
of a dilational strajn and shearing strain and the
effect of the electron-gas is introduced in the
former, Their results demand the squality of
(Cqg + Ogq) and (Cqq + 066) which is not sqﬁpérfed
by the experiments. In the present investigatiohs,
it was therefore decided to reexamine.the ineonsis#
tency on the basis of the non-central forces. The
angular forees have been introduced in two differeht
ways one by Glark Gazis and Wa,llis4 CCGW) end the
other by damLaun&yg. The former pres ents some diffi-
culties therefore the latter approach was edopted for
the body centred tetrasgonal indiﬁm. A new secular
determinant was set up by considering one-twe-three
neighbour non-central angular interactions, This
determinant when compared in tﬁe'long;ﬁﬁv@‘lemgﬁh“”
1imit with the elastic determinant mekes 613 and”C-!44
double velued. This spparent dowble valuedness
dlisappesrs on the applications of the well known
Hauang's condition of equilibrium. | | |

4, B.C. Clark D.C. Gazls and R.F,. %m11is.
PRys. R . 1344, 1486 (19@4)
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The fgilure of the sbove approach made it abund-

antly clear that the angular forees in themgelves
eannot sccount for the inequel ity observed in the cgse
of Cauchy discrepancies for indium. Therefore an _
alternative approach in which the electron-ion inters-
ction can exhiblt agnisctropy becomes hnecessary.
Electron-ion intersetions have been treated in
different ways by various guthors (da-Launaya, Bhatias
Leibfried and Brenig®, Sharms and Joshi” and KrebsS)

in the field. The introduction of anisotropy in the
eleetren~ion interactions seemed possible only in
Joshi's? model developed for cubic metsls. In this
model , the electronic contribution.to the force constants
is obtained by avafaging the electron displacement in
an atomic polyhedron and by approximating this poly-
hedron by a sphere of an equivelent velume. The game

was used by Gupte and Dayal® in the lattice dynamies

S. A.B. Bhatia, Phys, Rev. 97, 363 (1955).
6. G. Leibfried and W, Brenig, 7. Phys. 134, 451(1953),
7, P.K. Sharma and S.K. Joshl, J, Chem. Phys. 32,
2683 (1963). '
8. K. Krebs Phys. Rev. 1384, 143 (1965).
9. R.Pn Gﬂipta and B'. D&yal Phyﬁa St&t- Solio _8;‘,
118 (1965). o |

*



( iv )

of hexagonal metals. The replacement of atomic poly-
hedron in cases where the axlal ratio % * 1 i clearly
unreasongble. In the present investigation therefore
it was bthought more appropriste to conéider the
glectron ion intersctions by replacing the atomic
polyhedron by an ellipsold of an equivalent vcolume,
The deduction of the expressions for the electron-ion
interactions by approximatiﬂg atomic ?olyhedron by
an ellipscid of an equivalent vclume and applicabtion
of these expressions for the study of the lattilce

dynamics of nine non-cubic metzls (two tetragonal and
seven hexaggongl) namely, indium, white-tin, beryllium,
megnesium, thallium, zireonium, hafnivm, titenlum and
yttriuﬁ; form the subject matter of the entire present
investigation. The three Important features of the
new électron~lon intersetlon expreséions are:

(1)  They pass the test of degensrating into Joshits?

expression for the cubic case as the axial

ratlio € becomes unity.
a

(1i)  With five nelghbour central intersetion in the

case of indium the two Cauchy discrepanciles
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Cqig - 044 and Cio - G66 in conformity with

the experiment turn ocut to be different.

(111}  The ratio _l§ﬂ:mf%& is found to be g function
C1a2 - Cgg
of the axial ratio, giving a elose agreement

between the czlculated and the observed values.

In the presentation of the results availazbility
of the experimentsl data has remained one of the chief
considerations. For example, low tempera‘buree-”rcuwes
for g1l the metals are drawn and are compared with
the @xperlm@ntal curves. Diopersi@n relati@ng hava ‘been
plaotted along symmetry dlrectimns for gll of them .
.wh@reas eomparisons w1th @xperiment have been done only
for beryllium and megnesium for whiech data4were available.
- The results of the present invastlgations are
completely new and have been carried out for the firet
time. The essential detalls about gl1 the present |
Investlgations are present@d in the form of g ﬁhésis
comprising of five chapters and three appéndieces. First
two appendices are thought necessary for giving details
about some preliminary and supplementary work carried

out along with the present investigations. Part of
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the work has been published, the details of which are
given at the end. The papers sppear in the joint name
of the supervisor (Dr. B. Sharan) and the author
(R.P., Bajpal). It may be noted that the supervisor
was mainly responsible for suggesting the problems
and valuable discussions wheregs the rest was done
- entirely by the aguthor himself.

The following 1s the chapterwlse summary of the
thesis.

CHAPTER I INTRODUCT TON

This Chapter givas'chronological descripticn of
the dévelopment work done by the previous workers in the
field. | |
CHAPTER IT

Non Cubie Structures their reciproeal lattice

and the gllowed wgve Vectors.

It deals with the deseription of latfice,
Brillouin zéna and the enumergtion of the phase points.
It has been shown that the Brillouingone is divided into
10x10x10 points, they reduce to 84 and 110 non equivalent

points in the case of hep and tetragonsl indium respectively,
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under symmetry operatlons.

CHAPTER IIT Secular determinsnt for different

elastic force model.

It deals with the deduction of the electron- lon

interzeticn expressions for the non-cubie metals by

spproximating the atomic polyhedron by an ellipsoid
of an equivalent volume, The seculsr determinant for
non-centrgl intersetion consisting of central end
electron-ion part for tetragonal and hexagonal metals
have been set up. BEssential features of expressions

and results about Csuchy dlscrepancy have been diseunssed.
A new secular eguation for onestwo~three nelghbour
non-central angular interactions in indium is glso dis-

cussed,

CHAPTER IV Diapersion Bélgtion and hezt eapacities

of hexagonal metals,
It presents dispersion relations glong (QOOi]

and [pliO} directions and @-T curves for most of the
hexagonal metals. For magnesium and beryllium dispersion

relations are compared.with the results of neutron
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scattering dats while for other metals comparison.for

diSpérsion relationg is not made due to lack of experi-
mental data on 1t. @-Trurves Tor all other metals are
compared with the experimental curves. ALl of thenm

are in good agreement with the experimental results.

CHAPTER V Hegt Capgcities of tebtrggonsl indium.

It gives the heat capsacities of tetragonal
indium based on new non-centrsl electron force model.
Results show goed ggreement with the experimental B_“T

curves.

APPENDIX 1 Dispersion relatlions of white-tin slong
{100\ dirseetion.

It gives dispersion relations of white tin zlong
‘}Od] directions using the new electron force model.

The results show fair-agreement;

APPENDIX 2 Dispergion relations and hesgt capascities
of §ileai‘.
It gives lattice dynamics of Silver baged on
Sharma ahd‘Dayal's model.- The present dispersion curves

elong symmebtry directions and low temperature @-T eurves
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how good agreement with the theoreticsl dispersion

urves of 8ingh and experimental @-’I’cuweé.

APPHEDIX 3.

It gives deduction of the electron-ion intera-

ctiorn part in the ellipsoidal approximation;.

g,
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