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EL :\STIC COKSTA~TS Of CRYSTALLINE COLUMBIUM 3033 

I ;rlll1l·j,;c n parameter calculated from the single 
.' ,lid the polycrystal TOEC with that calculated 
! !lk data , Using values for the linear expansion 
,1\ :. a=7 ,02 XlO-G °C- l, and specifiC heat, 

I, ,) cal g- I °C- I obtained from handbooks and 
'.,i t \' p = 8.578 g/cm3

, and isothermal bulk mod
.:.. r ~ ' 1.687 X 101~ dyn/ cm2 obtained in the present 

:l the rl'la lion 

'Y B = 3aK7'j C ,op 

the \',due fo r the bulk Gri.ineisen parameter of 
I ;2. [ sing the methods of Ref. 4 for obtaining 

1 ,-u llcisen parameter from the elastic constants by 
.:ill '; the contribution of 39 pure-mode phonons 

~! parameter results in values of 'YSC= l.Sll±O,026 
} .= 1.5-!6±O,092 for the single crysta.l and the 
:\ :-1111, respectively. A useful calculational equil

i ;r the polycrystal GrUneisen parameter \l'hil~ h call 
I !.Iineel from the equations of Brugger4 by imposing 

. " il\' conditions is 

.1' 1111' and 111/ are the measured hydrosta tic pres
,I lire;; for the polycrystal and t::"l":' = K~-KT is the 
rl'ncc between the adiabatic and isothermal bulk 

!i.li, 
\ <cro nd check on the \'~d ues of the TOEC deler
.' d hl:re is to compare the measured polycr~'sLal 
. '[lInts ' with values calculated from the single
,;;11 constants, Recently, equations permitting this 
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comparison were derived30 using strain-energy density 
considerations with the approximation that a unifo rm 
state of strain acting on the surface of a homogeneous, 
quasi -isotropic, polycrystaJlille body produces a uni
form strain throughout the body. This development, 
analogous to that of Voigt relating the second-order 
clastic constants,3! leads to the following relation!'. 
between the TOEC: 

)12='3\'( CU1+4C lI2 - SCJ23+ 19Cw+2C166-12C4ii6) 

lJa= 'lr,( CIIl - 3CU2+2Cl23 - 9C144+9Cl6I;+9Cm ). (6) 

Using the values of C;jk for columbium given in Table 
lIT in these equations results in )11 = - 4.S9±O.38, )12= 
-3,80±O.lS, amI )la=+O,78±O.09, all in units of 1012 

dyn/ cm2• These values are seell to be in very good 
agreement. with the values measured for the pol)'
crystal sample B shown in Table V which provides an 
indi rect check on both sets of TOEC. 
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Lithium Niobate : Effects of Composition on the Refractive Indices and Optical 
Second-Harmonic Generatioll* 

J, E, :\fWII'I:\TERt 

Royul Radur l~sltlhlis1rIllCII I, -'[ah'ern, Worc's, F.lIglolld 

(Receivcd 22 January 1968) 

Crystals of lithium niobate have bccn grown with varying amounts of Li~O, Nb-!O., and l\IgO presen t in 
the melt. The rcfracti\'c indices ha\'e been measured and the birefringence so obtained correlated with the 
phase-ma tching temperature for second-harmonic generation (SHG) and with the composition. The use 
of optical methods is dccribed for thc study of compositional uniformity and a method of correcting the 
efTects of uniform composition gradients on SHG described , 

I. INTRODUCTION 

. \ n extensive literature already exists on lilhium 
.I', lte with reference to its use in nonlinear optics for 
.. int; or modulating optical beams. It was fIrst pro
ul in this connection by Boyd el ol.,! who described 

• Il a,('d ill parI on J di~sc rtatinn submitted to the Univrrsily 
1'lId"l1 in partial fulfulim(,lll (,f Ihl' requirements for th e d t" rc'c 
I J.:, t"r of Philosophy, 0 

: I. "'till address: Perkin- Elmer Corp., ~or\\'alk, Conn. 068 10, 
, I" IJ, Boyd, R. C. ~lill er, 1\:, ~assau , \\', L. Bond, and A. 

.... I~C , .'\ppL l'hys, Letters 5, 234 (196-1). 

its nonlinear properties and refractive-index data suit
able for calcula ting the details of phase matching . 
Miller ct al.2 extended this data by pointing out the 
favorable property of thermally tunable refractive 
indices present in lithium niobate and showed how this 

,could be used to obtain noncritical phase matching . 
Hobclen and Warner3 have given extensive detail~ of 
the wavelength and thermal variation of the refractiv¢ 

, R, C. :\lillcr, G. n. lloyd, and :\, S;l\'ag<!, :\ppl. Phys, Letters 
6, 77 (1965). 

~ M. V, Hobden and J. Warner, Phys, Letters 22, 243 ( \966). 


