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ELASTIC ANISOTROPY OF THE CUBIC, HEXAGONAL
AND TETRAGONAL CRYSTALS"

CAP, 1.,» KOLNIK, S.,2 Zilina

The paper deals with the experimental method of the investigation of the elastic
anisotropy of crystals with cubic, hexagonal and tetragonal structure symmetry. The
elastic invariant quantity proportional to the sum of the squared velocities of the three
modes of acoustic waves in an arbitrary propagation direction fulfilling the condition
of the invariance is used in order to follow the changes of the anisotropy parameters
of a set of samples derived from some common basic material by means of different
ingredients. The method significantly reduces the claims on the number and the
orientation accuracy of the samples.

I. INTRODUCTION

Recently, we have investigated a great number of mixed crystals of alkaline
earths fluorides with rare earths ingredients typical by their cubic symmetry [1],
[2] and [3]. We have developed an experimental method which significantly
reduces claims on the sample preparation. It is based on some relations between
2nd order elastic coefficients and acoustic waves velocities, significant because
of the existence of elastic invariant quantities. In the present paper we can
extend the method to other crystallographic structures characteristic by the
existence of high order symmetry axes.

11. SECOND ORDER ELASTIC INVARIANTS

The elastic properties of the crystalline samples are described by means of a
2nd order elastic coefficients tensor. The elastic coefficients are connected with
the acoustic waves velocities by means of the Christoffel equation [4]. The
analysis of the relations leads to revealing some invariant quantities. It was
proved in {5] that the quantity
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Sinvaria o-amarbitrary-orientationo ee (=12 3yorthogonalpropaga-
tion directions of the acoustic waves of all three (j = 1, 2, 3) polarizations. Here
p is mass density, ¥, are acoustic waves velocities and c; are 2nd order elastic
coefficients.

In addition it has been proved for the crystals with cubic symmetry [6] that

the quantity
IL=0@ +vh+vh)=cy+ 2, (#))]

is invariant to an arbitrary propagation direction orientation. Here v, vy, vp
are the velocities of the longitudinal nad two transversal acoustic waves
propagating in the same direction.

In the case of other crystallographic structures with significant symmetry
axes such as the hexagonal, tetragonal and trigonal ones the quantity
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is invariant to an arbitrary propagation direction orientation in the plane
normal to the significant symmetry axis. The hexagonal structure is characteris-
tic by the 2nd order elastic coefficients relation ¢,, = ¢;, — 2¢,, which allows to
express (3) in the form :
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From the experimental point of view it is important that the invariant quantities
I, Iy can be determined by means of the three acoustic waves velocities measure-
ment in only chosen propagation direction without an exact crystallographic
sample orientation. From another point of view the invariant quantity (1)
should be chosed in order to check the experimental results and those (2), (3) in
order to check the supposed crystallographic structure or its deviation from the
original structure symmetry caused by means of various disturbances.

III. ELASTIC ANISOTROPY OF CRYSTALS

-

The experimental methods of the crystal elastic properties investigation
consist in the acoustic waves velocities and attenuations measurement. In the
case of weakly disturbed crystals the relative variations of acoustic waves
velocities are usually very low. On the other hand the weak crystal modifications
Cause their considerable anisotropy changes. It allows to develop a sensitive
Method of the testing anisotropy is connected with the difference of velocity of
the acoustic waves of different polarizations and propagation directions.
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In the case of cubic crystals the significant acoustic waves velocities are-{d
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where V;, represent the transversal polarization in the [001] direction and
transversal polarization in the (001) plane. The cubic crystal anisotropy
described by means of the relative parameters
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These parameters together with the invariant quantity (2) allow to express th
2nd order elastic coefficients

We can see that it is necessary to measure the acoustic waves velocities in both
the [100] and the [1 10] directions to determine the anisotropy parameters (5):

We have shown for a set of samples based on CaF, or BaF, with cubi
symmetry [2] only ¢,, coefficifent changes because of the rare earths ingredien .. ,
concentration variations, whereas both ¢j; and ¢, remain quasi constant. C:anﬂ, i
this assumption the relative anisotropy parameter changes can be expressed a
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where L, &, p, are the values valid for the crystal without any ingredience. <<mu,
can see it is sufficient to measure only the 7, variation in an arbitrary direction:
in order to follow the anisotropy parameter changes.

Hexagonal crystals are characteristic by the existence of the 6th symmetry’
axis. The acoustic waves velocities in directions normal to this axis are
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The anisotropy parameters have the form

VA cn—cp Vi cu
Wwith respect to invariant quantity (4) the elastic coefficients can be expressed
1 pé-2
n.:HIqllIﬁnlIN:. Cp=~-—-1I,
E+1+1/p p&+1+1/p
1
Cpp=—-— [ .
“TEerr+1p "

In the case of the investigation of the influence of weak structure disturbances
on the elastic anisotropy we can suppose a dominant dependency of one of the
elastic coefficients.

If we suppose both ¢, and ¢, to be quasi constant, the anisotropy parameters
of the modified crystal are
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where the zero subscript indicates the values valid for the not disturbed funda-
mental crystal.

Tetragonal crystals are characteristic by the existence of the 4th symmetry
axis. The acoustic waves velocities in directions normal to the symmetry axis are
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The anisotropy parameters have the form
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We can express the 2nd order elastic coefficients with respect to the invariag
quantity (3) by means of the relations
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Similarly we can follow the anisotropy parameters variations by means of ‘
invariant changes measurement. If we suppose the dominant ¢,, variation to;
caused by the weak structure disturbances and quasi constant values of the o
elastic coefficients, the anisotropy parameters can be expressed as
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1IV. CONCLUSION

The elastic properties investigation gives us information on the crystall}
graphic structure of solids. In the case of a set of very similar samples derivel
from the common basic material by means of different ingredients the ela
anisotropy parameters sensitively indicate the structure changes. The mo}
serious difficulty of their investigation is connected with the necessity of an exag
crystallographic sample orientation. We have utilized the elastic invariant qual
titaties to develop the presented method, which significantly reduces the cla
on the measured samples. The anisotropy parameters variations are followed
means of the three modes of acoustic waves velocities measurement in only
propagation direction corresponding to the invariance condition.

The method has been experimentally proved in the investigation of the se
alkali fluorides with rare earths ingredients. We have extended the range of

utilization to the cases of the crystallic materials with tetragonal and hexago
symmetries.
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VIIPYTASL AHM30TPOIMUA KYBUYECKHX, TEKCATOHAJIBHBIX
U TETPATOHAJIBHBIX KPUCTAJLIOB

PaboTa MOCBAIICHA 3KCHEPHMEHTAIILHOMY METOAY :oo:nm.o_uw::u w:quom AHM3OTPONIHH B
KpHCTaJLIAX ¢ KyOHueCKoi, reKCaroHaNbHOM K TETPAaroHaNbHON CHMMETPHEH. w(wgozw BEJIMMHHA,
He3aBHCHMAs OT YOPYrOCTH, NIPONOPUMOHAJILHAS CyMMe KBAIDATOB CKOPOCTell TPeX MOA aKyc-
THYECKHX BOJIH B IPOM3BOJIbHOM HAMpABJCHUM PACOPOCTPAHEHMS, YAOBIETBOPAIOLUIAN YCIOBHIO
NEPHOAMYHOCTH. JTa BEJIHIMHA UCTIONB3YETCS [JIA HOCTIEIOBAHHA H3MEHEHHS TTAPAMETPOB aHH30-
TponuM Habopa o6pa3loB, NMOTYYEHHBIX ¥ OOHOIO OCHOBHOrO MATEpHANa NMPH MCIOAb3OBAHUK
pa3aM4HLIX IpuMeceil. MeTOA COlyCTBEHHO YNpoIaeT TpeboBaHus HA YHCIIO ¥ TOYHOCTH OpHeH-
Tauuy obpasnos.
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