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tht' \'RlI ;Ippro:\imation, even for the anisotropic 
\IT,;tab like ('liTe and ZnSe. 

''1'0 e:\,ll1line a possihle dependence of the VRH 
.lj1rnJ.\imat ion on clastic anisotrop.\·, wc plot led the 
r.llin of the l1leasured modulus lo the c;liculaled VRH 
modulus as a fUllctio n of percent clastic anisotropy in 
Figs. 1 and 2. The percenl clastic anisotropyl' referred 
herl' is' 

.f *(i n %) = [3(A - J )~/3(.II - 1)2+2S.l1JX100, (S) 

Il'hen: .,f = 2CI/(Cll-CI2). Kote (hat the limiting Voigt 
.lIld Reuss moduli result in the wider spread as the 
l'Listil' anisot rop.\· of crystal becomes large. It is note-

• \\'ort 11\', however, t ha ( t he measured moduli lie within 
,he spread fur every crystals considered in (he present 
pro.gram. As seen in Fig. 2, the ratio of shear moduli 
I C;"",,,, 'CYHII ) is ~Ill;dler than un ity in all cases and the 
clc\'ialion of (his ratio from unity becomes 1:trge as the 
eiaS( ic anisot ropy of crystal increases. Similar observa­
lion can be made also for the case o( Young's modulus . 

TA 111.1'; V. Ml'an velocily oi sound fill' ~f~O, CaF" 
#-l.:nS, CdTe, and ZnSc," 

.. [ . Urn 

-

VIII * 
;\fateri:ds and reference" (';1,, ) [EC]. (6)J [p.q. (7) J 

~lgO Single-crystal (6.'iCl) 2.28 6.617 
IHllYCT),st;lilinc 

CaF, Single-crl·,tal (C>OIII) 2.96 4 . 001 
polycrystallinc 

!1.ZnS Single-crystal (631~1) ~UC) 3,122 
jl"I,Tryslallinc 

edTc Single-crystal ((m ll) 8,83 1.712 
pol,'('ryslallinc 

ZnSc Single-crystal (63 BJ) J 1.70 2 ,406 
pol !'(rystalli ne 

1\ All valuc~ of the velocity arc in units of 10 fi t:m/scc. 
h Scc Tablc "I [ for the i.:Omp[clc rcfcrull c!). 

6,6S·1 
6.61(, 
4,!l22 
'J. .()06 
3, !:is 
3 , 127 
1,7,13 
1. 727 
2.637 
2.61-1 

The trcnd of this c1evialion with increasing dastic 
anisotrop." suggests that, for highly anisotropic cryst~ds 
lik\! Li and N.lJf, the Vn.H appro:\imalion lllay nOL be 
lhl' good procedure to follow . But, for the cubic crystals 
possessing loll' or moderate clastic anisotropies (i .e., 
.' [*<10% ) , Ihe VRH approximation is believed to be 
accurate ill giving the prohable isOll'Opic dastic l1loduli 
and these \'RI[ moduli are as good as ones wc measurc 
in i he lahoratory . 

To pl'Ovicit.: all ,l(lcJ i I ional support to (his (onclusion, 
we lake <l nUl11erical approach in which we caku];Lte the 
J1iL';m \'elot ity of sound in ,L given crystal and then 
cOl1lpare this result wilh t.he corresponding quantilies 
decluced from the Debye continuum relation. The 
Il1C;\J1 velocity of sound in an anisotropic crySL<LI is 

1

- 1 0 J (1) rl0.]-I/J u",=.L ,-;;-- ,(j=J,2,3), 
_.1 )~ I I v) -hr 

(0) 

where Vj represent three sound velocities that arc the 
eigenvalues of the ChristofTcl cqll<tlioll involving the 
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hG. 1. COl1lpa ri~oll between calculated and measured Young's 
moduli as a function of clastic anisolropy. 

single-crystal clastic consl;tnl:-; amI rln is the clement of 
a solid :l1lf,';le, i.e., rln= sinOdOllcp . Since the integration 
oi Eq . (0) is impr;tClical to perform analytically, the 
integration is evaluated numerically as a procedure 
out lined by A1crsY lJsing the single-crystal clastic con­
stants for the individual m:tterials considered, values 
of the mean velocity of sound have bt:cn w1clliaLed by 
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FIG. 2. Comparison betwcen c~lcuiatcd and mcasured shcar 
moduli as ;, function of clastic anisot ropy. 

12 G. A. Al<:rs, PhysiCllt "I CllIISlics, \\" P. :'Iason, E(l. (.\c;id~l1lic 
rrcss Inc., New York, 19(5), Vo!. nI-B, Chap. L 


