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N o r m a l  X - r a y  m e t h o d s  of o r i en t ing  a c rys t a l  to  r o t a t e  
a c c u r a t e l y  a b o u t  a p r inc ipa l  s y m m e t r y  axis  fail  w h e n  no  
ref lexions  in t h e  equa to r i a l  l aye r  l ine can  be ident i f ied .  
A r ev i ew  of m e t h o d s  h i t h e r t o  p u b l i s h e d  is i n c l u d e d  in a 
c o m p r e h e n s i v e  p a p e r  b y  J e f f e r y  (1949) b u t  to  m e e t  a 
p a r t i c u l a r  p rob l em,  n o t  cove red  b y  m e t h o d s  d iscussed  
b y  Je f fe ry ,  a t e c h n i q u e  was  deve loped  w h i c h  has  a w ide r  
app l i cab i l i t y .  

I t  was  nece s sa ry  to  set  a c rys ta l  of a l ame l l a r  m i n e r a l  
to  r o t a t e  a c c u r a t e l y  a b o u t  t he  sixfold axis  p e r p e n d i c u l a r  
to  t h e  lamel lae .  F r o m  t h e  e x t e r n a l  fo rm th is  cou ld  eas i ly  
be done  to  w i t h i n  5 ° , b u t  as t he  h e x a g o n a l  u n i t  cell h a d  
d i m e n s i o n s  a - - - -9 .7  a n d  c----133 tk i t  was  qu i te  im- 
possible  to  i d e n t i f y  e q u a t o r i a l  ref lexions.  As t h e  r o w  lines 
w e r e  wel l  s e p a r a t e d  t h e  fo l lowing m e t h o d  was  used .  

T h r e e  5°-osci l la t ion p h o t o g r a p h s  we re  t a k e n  on the  
s a m e  f i lm a t  e x a c t l y  120 ° in te rva l s  of a z i m u t h  (using a 
U n i c a m  s ing le -c rys ta l  X - r a y  gon iomete r ) .  To enab le  
these  t h r e e  s u p e r i m p o s e d  p h o t o g r a p h s  to  be d i s t ingu i shed ,  
t h e  casse t t e  was  r o t a t e d  b y  a b o u t  2 ° to  each  side of i ts  
n o r m a l  pos i t ion  so t h a t  t he  t h r ee  e q u i v a l e n t  r o w  lines 
a p p e a r e d  side b y  side. W h e n  e x a c t l y  set  to  r o t a t e  a b o u t  
t h e  h e x a d  axis,  co r r e spond ing  f ea tu re s  on t h e  t h r e e  r o w  
lines lie a t  t h e  s a m e  d i s t ance  f rom t h e  e q u a t o r  of t h e  
p h o t o g r a p h ,  b u t  w h e n  mis -se t  t he i r  r e l a t ive  displace-  
m e n t s  g ive  t h e  cor rec t ions  necessa ry .  

Suppose  a~, a 2 a n d  aa were  t h e  a n g u l a r  d i s t ances  of 
t h r e e  e q u i v a l e n t  r ec ip roca l - l a t t i ce  vec to r s  f r om Che axis 

of ro t a t i on .  T h e  d i s t ances  y~, Y2 a n d  Yz of t h e  corre-  
s p o n d i n g  ref lexions  f rom an  equa to r i a l  l ine sc r ibed  on the  
f i lm were  m e a s u r e d  as a c c u r a t e l y  as possible  a n d  ~1, ~2 
a n d  ~3 were  o b t a i n e d  f rom ~----y(r2-~y2)-½. ~ for  the  
p a r t i c u l a r  row line used  was  ca l cu l a t ed  or m e a s u r e d  a n d  
hence ,  f r om cot  a ~-- ~/~, a l ,  a2 a n d  a a were  found .  As 
t h e  d i f ferences  of a va lues  a re  smal l  (less t h a n  5°), a n d  
as in f in i t es imal  r o t a t i o n s  can  be t r e a t e d  as vec tors ,  t he  
r e s u l t a n t  of t h r e e  vec to r s  of m a g n i t u d e s  (90° - -a l ) ,  
(90°--c~) a n d  (90°--aa)  spaced  120 ° a p a r t  gave  t he  
m a g n i t u d e  a n d  d i r ec t ion  of t he  necessa ry  cor rec t ion .  
T h e  d i r ec t i on  of th is  co r rec t ion  was  k n o w n  to ~2½ ° 
f rom the  osci l la t ion range .  T h e  a n g u l a r  co r rec t ion  was  
reso lved  in to  two c o m p o n e n t s  para l le l  to  t he  two  arcs.  
A d d i n g  t h e  vec tors ,  r e l a t i ng  t h e m  to  t he  pos i t ions  of 
t h e  arcs,  a n d  reso lv ing  t h e  r e s u l t a n t  co r rec t ion  para l le l  
to  t h e  arcs  we re  done  g raph ica l ly .  I f  t h e  in i t ia l  s e t t i ng  
of t h e  lower  a rc  were  far  f rom zero,  co r rec t ion  for  the  
t i l t  of t h e  u p p e r  a rc  w o u l d  h a v e  to  be appl ied ,  be ing  
f o u n d  b y  solving a spher ica l  t r iangle .  The  cor rec t ions  
o b t a i n e d  are  n o t  e x a c t  a n d  two  app l i ca t ions  are  neces sa ry  
for  s e t t i ng  to  0.1°. 

T h e  m e t h o d  can  of course  be used  for  o t h e r  t h a n  sixfold 
axes  if t he  r o t a t i o n  in t e rva l s  are  chosen  app rop r i a t e ly .  
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T h e  d i r ec t - inspec t ion  m e t h o d  (Ftuni ,  1952a)* can  be  used  
to obtain directly t h e  i n d e p e n d e n t  c o m p o n e n t s  of t ensor  
p roper t i e s  of m a t t e r  on ly  for s y m m e t r y  g roups  in  w h i c h  
one  can  f ind  Car t e s i an  o r t hogona l  coord ina te s  t h a t  do n o t  
t r a n s f o r m  in to  l inear  c o m b i n a t i o n s  of t hemse lves  u n d e r  
t he  i n d e p e n d e n t  s y m m e t r y  e lements .  T h e  Car te s i an  n even n odd 
o r t h o g o n a l  r e fe rence  f r ames  u sua l ly  app l i ed  f o r  g roups  
w i t h  a p r inc ipa l  axis  Cn(n ~ 3) (zllto t h e  axis,  x a n d  Dn Dn 
y / to  it) sa t i s fy  th is  cond i t ion  on ly  for  n ~ 4, b u t  
t h e r e  are  o t h e r  f r ames  w h i c h  a l low d i rec t  inspec t ion  in 

* In this paper § 3 {a) is somewhat too condensed to be 
completely clear. Equat ions  (9) and (10), like equations (6) 
and (7), are relations between equations (3); when wri t ten 
fully, equat ion (9) reads 

txyz~ tyzx-~ tzxy= txzy-~ tyxz= tzyx. 

The last sentence of § 3 (a) states the ident i ty  of the scheme 
of independent  components of the axial and polar third-order 
tensors for symmet ry  0 with the scheme of the axial third- 
order tensor for symmet ry  T d. 
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C~ = binary axis J_ Cn; av(ah) : symmetry  plane]](_l_)Cn; 
i ---- inversion. 


