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The measuremcnt of the intensity of x-ray dif- X lllg for different combinations off and g, one can 
fus e scattering to determine thc elastic constants obtain the values of the elastic constants of the crys-
of crystals was described in detail in [1-3 ). The tal. 
intensity of x radiation scattered by the crystal In our investigation this method was used to 
can be r epresented as a sum I = 10 + Id

1 
+ Id2 + .. .. , find the ,e lastic constants of gallium . In the case of 

where 10 is the intensity of the interfercnce ma."'{i- gallium the x-ray method is to be prcferred since of 
mum, Id 1 is the intensity of the first order diffusc gall ium is very plastic and has a low melting point tb , 
scattering (single-phonon scattering), and the sub _ (~3 O°C) . dil 
s equent terms are defined respectively as the inten- Gallium single crystals were grown from the lai 

sity of sc attering with participation of two, three melt by the seed crystal method. The seed crys - r 
and more phonons . . Close to the reciprocal lattice tals were chosen from Laue diffraction patterns so tit 
points the diffuse scattering of second and higher that one of the faces was the plane with indices (001). 1\. 
orders can be neglected and one can assume that The gall iwn was melted in an e lectric furnace held pc 
the main contribution to the intensity is given by at the temperature of 45°C, and was then slowly 
single-phonon processes . cooled to 30°C. Then it was pourcd into a c ollapsibl e 

Using the r esults of the classical theory of form made of quartz laminas, to one of which the 
elasticity and the theory of x -ray scattering, Jahn s eed crystal was attached . An almost cubic crystal 
[4) and later Prasad and Wooster [5 J showed that was obtained with an edge of about 1 cm, bounded 
the intens ity of the diffuse scattering close to re- along the planes {100}. 
ciprocal-Iattice point can be represented in the form The orientation of the samples was refined using 

epigrams . Then on the instrwnent URS-50I with 
kT • 11*2 , monochromated Cu KO! radiation a series of mcas-

141 = 7 1 F T 1- K *2 Jt (/)g' d d f urements was rna e of the intensity of the x-ray i-

fuse scatter ing close to the (400) , (040), and (006) 
where FT is the structure amplitude at the tem- reciproc al lattice points . 
perature T, T is the volwn e of the unit cell, H* is Galliwn has a rhombic lattic e with a '=4 .5107 ± 

a r eC iproca l lattic e vector , K* is the wave vector 0.0001 A, b=4 .5167 ± 0.0 001 A, c = 7.6448 ± 0.0002r\ 
of the elastic wave, XUt, is a function defined and belongs to the space group Dl~h [6]. In the cell 
by the valuc of the elastic constants and the direc - there are eight atoms which are unique in their struc-
tion cosines of the wave vector f and the vector g tural relationship which leads to the appearance of 
of the nearest r eciprcx:al lattice point . optica l vibrations in such a lattic e . However, the 

In a small interval one c an assume that the intensity of x-ray scattering due to high -frequency 
function Id

1 
= I(1/K*2) is a straight line , and·, de- optic a l vibrations close to podcs is considerably 

termining the angle of the inclination to the axis smaller than the intensity due to low-frequency 
(l/K* 2), one can find the valt.;.e of £ Iflg for definite aCOLlstic vibrations and we can therefore neglect the 0 . 

values off and g. Having a set of equations for optical contribution to the intensity . 
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TABLE 1- Values of the Indices hkl of the Quanrities Ii 
and the Function X [fIg 

(hkl) I 

400 

040 

040 

040 

OOli 

006 

006 

00', 

006 

[I,. I " I,l 

1,0, 0 

n, J, () 

J, 0, I) 

n, 0 , 1 

J, n, II 

0, 1 , I) 

1 1 
0, ""2' V2 

l 1 

"2' n, -If 

.x [llu 

CuS 

2(clI + cun) 

,'u 

2(C~2 -' cH) 
C2~C33+ cH)+c33cH - 2c"3c{1 - c~.) 

2(clI + co5) 

In order to determine the nine clastic constants 
of gallium it is necessary to have measurements of 
the intens ity of the .diffuse x - ray scattering in nine 
different linear s ec tions close to the reciprocal 
lattic e points . The choice of the points and the di
rections was made in accordance with the calcula 
tions given by Wooster [3] for rhombic crystals. In 
Table 1 of this paper we list the (hId) ind ices of the 
points investigated and the direction cosines of the 
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Fig . 1. The intensity of t he diffuse scattering from (400) (I), (040) 
.(2), (006) (3 -5 ) in the directions [1 00J (1 -3 ), [OOlJ (4) and [1 /1'2. , 
0 , 1 /-I2J (5). 
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Fig , 2 . The intensity of diffuse scatte ring from (040) (I, 2) and 
(006) (3, 4) in the directions [(10) (I , 3), [1/ -12 ,1 /../2 , OJ (2), and 

[0,1 /-12 ,1 /-12) (4) . 

wave \'ec tor if) and also the corresponding expres 
s ions for the function £ [flu· 

The meas ured diffLlse scattering intensity after 
introduction of corrections for the inc lination of the 
sample and the polarization of the radiation was re
duced to electron Lmits by comparing it with the in
tensity of scattering by fused quartz . The absolute 
values of the intensity for each of the nine linear 
s ec tions were plotted on graphs as fLmctions of 
(1/K*2) (Figs . 1 and 2) . Using the m ethod of least 
squares we fOLilld the inclinations of the straight 
lines I(1/K*2) which define the values of the func
tions ~ (!lg' and consequcntly the elastic constants. 

The values obtained for the elastic constants of 
gallium (dyn/cm 2) were equal to 

C
ll 

= (17 ± 1) . 1011 , cGG = (6.2 ± 0.5) . 1011
, 

C22 = (7.4 ± 0.6) . 1011 , 

c12 =(2.7 ± 0.1) .10ll , 

C
33

=(8.8 ± 0.4) . 1011 , c13=(~ .8 ± 0.2) .1011 , 

cu = (4 .6 ± 0.3).1011, C23 = (1.7 = 0 '.1) . 1011
, 

Cos = (5.4 ± 0.4) . 10ll. 

Finally the authors are indebted to V. 1. Ivero
nova for the selection of the subject and constant 
interest in thc work . 
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