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Thc VOi~l-Rcuss-Hill (VRE ) approximation, a useful schcmc hy which anisotropic single-crystal 
c1:l~iic constants can bc converted into isotropic polycrystoLilinc clastic moduli, is shown to apply for mod­
crately an isotropic cu bic crystals like i\fgO, C;lh, [j-ZnS, ZnSc, and CdTe. Experimcntal \·:t1uc5 of Jloly­
cryslallinc isotropic clastic modul i for thesc matcrials are prescnt~d here, and the validity ot the V1Ul 
approximation is c5tahlished. The VRH approximation is then discussed for these matcrials with respcct 
to their c1:lstic anisotroJ1Y of crystals. T o provide furthe r support to this work, a numcrical confirmation 
on thl! "RH moduli is made \\'itJl thc use of a high-spced computcr by calculating the mcan vdocity oi 
sound in crystals and comparing th is result with thc corresponding quantity calculated from thc actual 
polycrystaliinc elastic moduli. Thc gcneral agrcemcnt is observed. 

1. INTRODUCTION 

The \ 'oigt-Reuss-lIill approximation is an averaging 
.;l'ilctne by 'which anisotropic single-crystal elastic con­
stants can be convertcd into isot ropic polycrystalline 
elastic moduli . The <weraging scheme is explicitly 
basecl on three independen t theo reti cal con tributions 
eludo \"oigt/ Reuss,2 and Hi11 3 ; thus it was nam~d the 
r oigt-Reuss-IIill ( \ 'RH) approximation.4•5 The VRH 
;Ipproximation is simplc and easily tractable in theory. 
For a single-phase crystallinc ag;;regate made of cr~'­
~tals that are sli;.dllly anisotropic, the approximation 
~i\'cs the realist ic val ues or isotropic clastic moduli. 
HowevCl', inr :q.;gl·cg;ltes containing crystals of highly 
3niso tl'Opic cryst als, a quest ion arises whether or not 
thi~ approximation gives still the n.:alistic eSLim<tles of 
the polycrystallinc elastic properties. 

The pur[)osc of this paper is to study the VRH 
approximation'for highly anisotropic cubic crystaLs and 
to examine to what cxtent thi s approxim ation is useful 
ior calculating the polycrystalline isotropic moduli from 
the corresponding single-crystal data. The materials 
dlOsen for the present \\'ork arc :;VI gO, CaF2, ,B-ZnS, 
ZnSe, and CdTe fo r which the well-characterized 
lulyaysl;t!line specimens wen.: a.vailable. The [101)'­

trysla lline {3-ZnS, ZnSe, rUle! CdTc are of particular 
interest in th e prescnt \\'od.;: since they arc aggrega te 
\'xampks oi highly anisotropic crystals h;Lving the samc 
~ tr ucture, and thus the measuremcnts of the isotropic 
\<]asl ic moduli on these materials provide important 
\'m pirical data tlmL test the validit.y of the VJUI 
approximation for high clastic an isotropy. 

I \I'. Voi t:t, Lclrrbuch del' ]I.ristal/plr),si/'· (Jl. B. TelllJner, 
l.cipz i ~, InS), p. 73'J . 
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H:IIG (Voigt-J~ eus,'llili-G il\'arry) approxima.tion so called 
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2. EXPERIMENTAL PROCEDURE 

2,1. Specimens 

The specimens usecl in thc present work art: vacuum 
hot-pressed polycrysmlline aggregates and they are 
virtually frec irom porosity. These materials arc known 
under a tr:lcle name Irtran, ,w:lilable from the 
Eastman Kodak Company. The specimcns were about 
0.635 by 0.953 by 7.620 cm in dimension, sufficiently 
large cnough LO make accurate resonance measurements 
as wdl as measurements of sound velocities. The iaccs 
of each specimen were polishec\ to give a recutngulal' 
prism whose sides and ends are square and parallel to 
±O.()Ol C111 . U~ing ul t rasonic vcloci ty measurements, 
each ~pecimen was checked for thc clastic isotropy by 
rotating the transducer crystals on thc specimen ::iurface. 
All the specimens were found to be isotropic ior both 
the longitudinal and shear waves. In the following, a 
brief description of these specimens is made uncl..:r 
each matcrial headings. 

A . Polycrys/aUine AlgO 

Onc specimen designated hereafter as IR--:-fgO is a 
typical Irtran 'No. 5 material. Thc measured c!ell::iity 
was 3.5819 (±O.0009) g/ cm" at 298°K and it should 
be compared with the x-ray density of 3.581 in the ;,:lmt: 
unit. The chem ical purit.y of lR- -:'fgO was ()9.<JS% 
-:-fgO . ::\Iinor constituents contained in the "pecimcn 
wnc as follows: Si 80, Ca 30, Al 2.'i, Fe 25, Cll 10, Sa 5, 
Ba less than 3, B less than 10, .0:i 5, );a 3, Li 2, Cr -1-, 
K, and SI' each less than 1 ppm. The spccimen was 
highly translucent in the visible region, and it h:lcl :<11 

optical reflecta.nce DeLLer than ()O% in the 1+ lO 26 }.l 

range. The measured reslstrahlcn lallice wavelength 
was 25.3 (±O.2) }.l.G 

B. Polycrys/aUillc CaF~ 

Onc specimen designated under IR-CaF2 i~ a typical 
of Irtran No. 3 material. The measured density for the 

G Kodak Iftrilll 5 Material (Eastman Kodak Company, Ro­
chcstcr, Kcw York, 1963) . 
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