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The Voigt- Reuss- Hill Approximation and Elastic Moduli of Polycrystalline MgO, CaF~ , 
G-ZnS, ZnSe, and CdTe 

D . IT. CJIt;;.;c A;"D W. R. ]3UESSEM 

.Ir'llcria/s NcscoIfch J.aboralor)" The l'clIl/sY/;'(/lI ia Slale Ullh'Cl'sity Uuimrsity Park, Pellllsylvi1uia 

(l{cccivcd 15 Dcc<!mhcr 1966; in final form 23 January 1967) 

'1'11<' \'oi~t-Reuss-Ifill (VrHI) appro>,imation, :L useful schemc hy which anisotropic single-cry"tal 
ela~I!( constants can he cOIH'crll:d into isoLropic polycrystallinc clastic moduli, is shown to apply for mod­
l'1'ak:,· :tnj"oLropic cuhic cry"lals like ~ri(O, C;l.F" {:J-ZnS, ZnSe, and CdTe. Expcrimental valllcs or ]>c. ly­
cry"l;Lilinc j,olrnl"C l'ia,lic moduli for these matc-rials arc pr<!scnted here, and the validity of th" V I,I[ 
appr",i.l1aLion is ,·,tal ,lish "d. The VI{II apl'ro\imaLi<ln is Lh"l1 di5cus~cd for thc"c materials with rcs l.;cl 
10 tlll"r <!,astic ani,,"trll\ly or crystals. To provicie iurlhe r SlIl'I)()r\ LO this \l'ork, a I1Unll!ricaI conJirmali,.n 
on Ih, ' YI{lf moduli is made with Ihe use oi a high-specd ,;ol1ll'uLcr by calculatinf-: the n1l':LIl velocity oi 
soun" ;.1 rr~':;Lals and comparing this result wit h the corn:sponding fjuanlity calclllated from lhl: actual 
I'oiycrystalline elastic moduli. Thc general agreement is ol"crved. 

l. . INTRODUCTION 

'j'h~ \,()igt -Rl'.t~" Jrill :'pproxill1:ltion is [tn averaging 
<hcmc hy ",hic« anisotropic singk-crystal clasLic con­
,t:lnh (':111 hl' c(>il\'crted into isotropic polycrystallinl! 
,l :blic moduli. The :tvcraging scheme is explicitly 
kisnl on three il1cicpendcnL th~oretical contributions 
clue 10 \-()i,~t,' Rl·1. S!i,~ anclllilP; thus iL was named the 
\"oigl- l\'l:us!i - IIill ~ VH.H) approximaLion .4 .i> The VRH 
;tppro:-.il11ation is ,imple and easily LracLable in Lheory. 
hlr :t single-phase crystalline nggreg:ILe made of cry­
,I.lis that arc slightly anisotropic, the appl'Oxim:Ltion 
;.!i\T~ thl: n:alist it' vallles o( isol ropic <:iast ic moduli . 
llo\\'ever. 101' ag.~rl'!.;;tll's containing crystals o( highly 
anisol ropie cryst:t1~, a Cjul:sl ion arises whether or not 
this approximatioll gives still thl: realistic esLimatl:5 of 
the polycrystallill" clastic properLies . 

The purpose of thi~ paper is to study the \'1{1I 
"ppro.\ill1.ttiull 101' highly anisotropic cubic crystals and 
to cxalllin~ 10 what extenL this approximation is usei'lIl 
for calcula 1 ing the polycrysLalline isotropic moduli from 
Ihe corresponding single-crystal <Ial; .. The Jl1ilteri~ds 
,hoscn for the present work are NIgO, CaFz, ,B-ZnS, 
I.nSc:, and CdT~ for which the well-chamctcrizecl 
polycrysLalline spc:cimens were avaihbl~. The poly­
, ryst:tlline p-ZnS, ZnSe, and CdTe arc of particular 
intl::,<.::,L in the presenL work since they are aggregate 
~~ampks of highly a.nisot ropic crystals having the same 
mucture, and Lhus the measurements of the isoLropic 
~I:tstic mocluli on these materials provide important 
rmpirical daLa Lhat Lest the validiLY of the VRH 
.Ipproximalion for high clastic anisotropy. 

I \\'. \'(,i~t, J.clti-hllr/i dcr lI:rislall/Jhysil. (n. B. Tculmcr, 
I.cipl.ig. 192~), p. 73'). 
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\1\ItG (Voigt-Rl:uss- Ilill Cilv:lrry) approximation so called 
'Y .\nderson is l!\aclly the sallw as the V l{ I I (Voif:t-i{cllss-J Jill) 
·'!'ilroxil1lalion. ScC'. inr <!\ampk, l' lrysim/ Acollslics, ediLl!c1 by 
11'.1'. :\Iason, (Ac:uk-l1lic Press, Xcw York, 1965), Vol. l I t-H, 
Chap. 2. 

2. EXPERIMENTAL PROCEDURE 

2.1. Specimens 

The specim<:lls used in the prl:sent work a'C: v:., ,;um 
hot-pressed polycrysLallin<: aggregat l:S and 1 hey arl: 
virtually free from porosity. These malerials ut: known 
und<:r :t trade nanH; Jrtran, available from the 
Eastlllnn Kodak Company. The specimens wc:re about 
0.63.) by 0.953 by 7.620 cm in ciimension, Se iftciently 
brge enough to make accurate resonan ce l1le;tSllreml:nLs 
as well as mea~urements of soune! velocities. The faces 
oi each specimen were polished Lo give a rect:lJ1;.,!;uiar 
prism whose sides and ends arc sCJuan.: :tnd paral lel to 
±O.()()l cm. Using ultrasonic vt:luciLy Jl1c:asureml:nLS, 
l:;Lch spl:cimen was checked io!' the e1:tstic isotropy oy 
rot :lling the t ransdllcer crystals on the specimen surfac<: . 
1\1l I he specimens were found Lo be isotJ'Opic for DOlh 
the longitllciin~ I anti shear wav<:s. In the following, a 
brid descripLion of Lhese spl:cimel1s is mad~ under 
each maLerial headings. 

A. Potycrys/allinc Jv[ gO 

One specimen designaLed hereafter as IR-:'dgO is [, 
lypical Irlntn No. 5 material. The measured c1en:;iLy 
was 3.5819 (±0.0009) g/ cm'l aL 290 0 K and it should 
L<: compared with the x-ray density oi 3.581 in lhe same 
unit. The chemical purity of IR-~1g0 was 99.98% 
l\1g0. }\finor constituenLs contained in the specimen 
were as follows: Si 80, CJ. 30, At 25, Fe 25, Cu 10, Sn 5, 
Ba less Lhan 3, B less than 10, Xi 5, Xa 3, Li 2, Cl' 4, 
K and Sr each less than 1 ppm. The specimen was 
highly translucent in the visible region, and it had an 
optical reflectance better than 60% in the 1-± to 26 J.I. 

range. The measured restsLrahlen lattice wavelength 
was 25 .3 (±O.2) J.I..G 

13. Pllt')'crys/a/li/le Ca F2 

Onc specimen designated under Jl{-CaF2 i:; a lypical 
of [rLran No. 3 mat<:rial. The measured densily (or the 

u }'udal. lrlrall 5 M alcrial. (Easlm:ln Kodak Company, Ro­
chester, N~w York, 1963) . 
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