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schemes were also different.  We have found tha t  a 
change of weighting scheme can al ter  bond-length 
values by  0.02 A in a s t ructure  analysis  not  affected 
b y  disorder. I t  is h a r d l y  surprising tha t  somewhat  
larger differences were found in  this  case. We should 
point  out t ha t  the size of shif t  which can be neglected 
depends on the size of the smallest  l a ten t  root of 
D-1A, for the block-diagonal  approximat ion,  and  this  
can be expected to be unusua l ly  small  if a tomic sites 
overlap because of disorder. For the azulene analysis  
the  sizes of the f inal  shifts were not  stated.  

Our ma in  conclusion is t ha t  the block-diagonal  
approximat ion  is a sat isfactory subst i tu te  for full- 
ma t r i x  analysis  in  normal  cases, bu t  only provided 
tha t  due care is exercised. The need for such care, and  
a desire for more precise es t imates  of error, are our 
ma in  reasons for preferring the fu l l -matr ix  method  if 
a computer  of sufficient size and  speed is available.  

We wish to acknowledge a main tenance  grant  from 
the Depar tmen t  of Scientific and Indus t r i a l  Research 
which enabled  one of us (L. I. H.) to take  par t  in 
th i s  work. 
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The elastic compliances of a natural  corundum are determined by the composite piezo-electric 
oscillator method. The variation of these six compliances with temperature has also been studied 
in the temperature range 0 to 300 °C. All the compliances increase with temperature, though the 
variations do not follow a linear law. 

Introduction 

Corundum, A1203, one of the impor tan t  na tu ra l ly  
occurring crystals,  has indus t r ia l  value as an abrasive 
since its hardness is next  to tha t  of diamond.  I t  belongs 
to the 'hemat i te  group',  R208, crystall izing in the 
rhombohedra l  class. The crystals are usual ly  rough 
and round, the (0001) plane being perfect and the 
(1150) plane less dist inct .  Due to twinning,  the (1011) 
plane is also prominent .  

As this crystal  belongs to the Dsa class of the 
tr igonal  system, its elastic behaviour  is defined by  
6 independent  elastic compliances, Sn ,  $33, $44, Sle, $13 

and $14. These have been de termined by  Sunder Rao 
(1949), using a synthet ic  specimen. Bhimasenachar  
(1949, 1950) has de termined these constants  using a 
na tu ra l ly  occurring crystal,  employing the wedge 
method. A s imilar  de terminat ion  has been made  by  
Mayer & Hiedemann  (1958) for synthet ic  sapphire. 
Very recent ly  W a c h t m a n  and  others (1960) have 
redetermined the elastic constants by  a resonance 
method,  using synthet ic  specimens. In  the present 
investigation,  the elastic compliances of a na tu ra l  
crystal  are determined at room tempera ture  and also 
their  var ia t ion  wi th  tempera ture  between 0 and  
300 °C. 
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Table  1. Orientations of crystal bars and rods and the effective compliances 
Direction-cosines Effective constants 

Direction ', ~ 
No. of the bar ala (x23 0~33 833' 2(844' n u 855" ) 

1 X 1 0 0 811 2[844 -~- ½(811 - -  812)] 
2 Z 0 0 1 s33 4s44 
3 X45°Z ~/½ 0 V} - -  (844 "~- 811 - -  ~812 ~- ½833) - -  813 
4 Y 4 5 ° Z  0 V~ V~ - -  (844 ~- 811 - -  ~812 -~ ~833 - -  813) "~- 2814 

E x p e r i m e n t a l  

The  compos i t e  osci l la tor  m e t h o d  ( S u b r a h m a n y a m ,  
1954) has  been  e m p l o y e d  in  th is  inves t iga t ion .  The  
desc r ip t ion  of t he  c rys ta l  bars  a n d  rods e m p l o y e d  to 
ca lcula te  all  t he  6 elast ic  compl iances  are p r e sen t ed  
in  Table  1. The  crys ta l  bar  X45°Z ind ica tes  t h a t  t he  
l e n g t h  of t he  bar  makes  45 ° w i t h  X and  Z axes and  
is pe rpend icu l a r  to  Y-axis. Similar  m e a n i n g  is a t t a c h e d  
to  the  bar  Y45°Z. 

r t t 
The  effect ive  constants ,  s33 and  2(s44+855), g iven  

in  t he  las t  two  co lumns  of Table  1, were evalu-  
a t e d  f rom the  genera l  fo rmulae  g iven  in a pre- 
vious  pape r  ( J a y a r a m a  R e d d y  & S u b r a h m a n y a m ,  
1960). The  two r ec t angu la r  bars  and  the  four  cylin- 
dr ical  rods  e m p l o y e d  were cut  f rom a single opaque  

and  b rownish  crys ta l  of n a t u r a l  co rundum.  I t s  basal  
p lane  (0001) and  t he  faces (1120) were well  fo rmed.  
The  bars and  rods  were  cut  to  an  accuracy  of 1 ° 
of arc. The  leng ths  and  dens i t ies  a t  r oom t e m p e r a t u r e  
were  t a k e n  to  ho ld  good a t  t he  h igh  t e m p e r a t u r e s  
also since i ts  coefficient  of t h e r m a l  expans ion  is v e r y  
small .  

R e s u l t s  a n d  d i s c u s s i o n  

The e x p e r i m e n t a l  resul ts  a long w i t h  o the r  r e l evan t  
d a t a  are p r e s e n t e d  in  Table  2. The  m e a s u r e m e n t s  on 
t he  crys ta l  bars  1, 3 and  4 give t he  d i rec t  values,  
811----- 2.67, s3a = 2"33 a n d  4s44= 7.51. Observa t ions  on 
the  bars  2, 5 and  6 give on subs t i t u t i on  t h e  com- 
pl iances,  sle, s13 and  2s14. The  comple te  set  of elast ic  

Direction Length Frequency 
No. of the bar in era. in kcyc./sec. 

1 X 2-22 222.50 
2 X 2-22 129.33 
3 Z 2.26 234.19 
4 Z 2.26 130.42 
5 X45°Z 2.12 141.41 
6 Y45°Z 2.14 135.70 

Table  2 

Mode 

L 
T 
L 
T 
T 
T 

Effective elastic constant 

Expression Value 

s n 2-67 x 10 -la 
2[844 -}- ~(811 --812)] 7"92 

s33 2-33 
4s44 7.51 

(844 -~ 811 - -  ½812 "~- ½833 ) - -  813 7"26  
(844 -}- 811 - -  ½812 n u ~833 - -  813 ) -~" 2S14 7"74  

(L : longitudinal; T : torsional). 

1 Sunder Rao 
2 Bhimasenachar 
3 Mayer & Heideman 
4 Wachtman and others 
5 Author 

Table  3 

811 833 4844 812 

2.84 2-21 5.47 --0.95 
2.32 1.93 5.77 -- 1-05 
2.18 2.02 5.04 -- 0.50 
2.35 2.17 6.94 --0-78 
2.67 2.33 7.51 - -  1.50 

(Expressed in units of 10 -1~ cm.2/dyne). 

813 

-- 0.47 
-0.38 
-0 .16 
--0-36 
--0.80 

2814 

- -  1 -52  
--1.71 
- -  0-49 
+ 0.49 
+ 0.47 

Table  4. Elastic compliances of corundum 
Temperature 

(°C.)  811 833 4844 - -  812 - -  813 -{- 2814 

0 2-66 2.32 7.49 1.49 0.80 0.47 
30 2.67 2.33 7.51 1-50 0.80 0.48 
60 2.68 2.34 7.55 1.51 0.81 0-48 

100 2.69 2.36 7.63 1.54 0.82 0.48 
150 2.71 2-38 7-74 1.61 0.81 0-53 
180 2.73 2.40 7.82 1-66 0.83 0.54 
230 2.76 2.43 7.93 1.72 0.83 0.67 
270 2-78 2.47 8.02 1.77 0.87 0.78 
300 2.80 2.50 8.10 1.80 0-87 0.88 

(Unit: 10 -13 cm.2/dyne). 
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compliances is evaluated  and presented in Table  3, 
along wi th  results of previous workers for comparison. 
The first  point  to be noted in Table 3 is tha t  the sign 
of s14 agrees with tha t  of W a c h t m a n  and others, 
as the same coordinate sys tem was used in this  case 
also. There are var ia t ions  in the  values of the diagonal  
constants,  especially 4s44, the difference amount ing  to 
10%. Since the specimen used in the present investiga- 
t ion was a na tu ra l  specimen and the cut t ing was done 
to an accuracy of 1 ° to 2 ° (contact goniometer), the  
agreement  is to be considered good. 

The var ia t ion  of the effective compliances with 
tempera ture  has been studied and the 6 independent  
compliances are calculated in the tempera ture  region 
0 to 300 °C. They are presented in Table 4. The 
var ia t ion of the diagonal corLstants with temper- 
a ture  is represented in Fig. 1 and tha t  of the 
non-diagonal  constants in Fig. 2. The signs of the 
negat ive constants s12 and s13 are reversed for plot t ing 
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their  var ia t ion  with temperature .  The curves show 
tha t  the variat ions do not  follow a l inear  law. There 
is a general increase wi th  temperature .  

The author  wishes to express his sincere grat i tude 
to Dr J .  Bhimasenachar  for his guidance and en- 
couragement.  He also thanks  the authori t ies  of Sri 
Venkateswara Univers i ty  for all  the  facilities given. 
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