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Tab le  2. Coefficients K1, K s, K 3 for the formula: A = (1//z ~) {KIL + K 2 -b KaL'} 

Group K 1 K~ 

(valid for  L and  L ' >  4) 

K~ 

1-2 

1 , [m q 1 
m' +q' (m' +q') ~ -~' + ~m" 

when ~p = 0 ° 

1 1 
2q" 2qq" 

1 1 
0 qm'-----; ÷ ~ ;  = sin 2yJ 

when ~p = 45 ° 

0 1 

4-5 

1 (n--r) 1 
m'+q" r(m+q)(m'+q') r(m'+q') 2 

when ~p = 45 ° 

1 n--  1 2n 
m + q q(m + q) (m + q)2 

n 

(m + q)2 
1 

m+q 

1 

m+q 

6-7 

0 (m + q)2 + 

when yJ---- 90 ° 

1 
0 2qq" 

1 

m T q  

l 
2q 

L =l~.~ n=]tan(O+yJ)] m-=lsec(O+yJ)l m'=]cosec(OT~p)[ 
L ' = l ~ f "  r----]tan(0--yJ)] q= l sec (0 -yJ ) ]  q'=lcosec(O-yJ)l 

e v a l u a t e d  g raph ica l ly  b y  the  m e t h o d  of H e n s h a w  (1958). 
T h e  m e t h o d  has  been  successful ly appl ied  to  the  s t u d y  of 
t he  c rys ta l  s t r u c t u r e  of a l u m i n i u m  pe r ioda t e  dodeca-  
h y d r a t e ,  Al(IO4) 3. 12 H~O. 

The  a g r e e m e n t  b e t w e e n  our  fo rmulae  a n d  those  pro- 
posed by  Grdenid  (1952, 1956) is exac t  for g roups  1-2 
a n d  6-7 of Tab le  2 (Ref lect ions  of the  face- type) .  The  
d iscrepancies  for the  g roup  3 a n d  4-5 seem due  to in- 
comple teness  of t he  Grdeni~ fo rmulae .  
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I n  t he  ra t io  m e t h o d  of d e t e r m i n i n g  la t t i ce  p a r a m e t e r s  
on ly  t he  ra t io  of d i ame te r s  of two b a c k  ref lec t ion  lines is 
necessa ry  to  d e t e r m i n e  a cell d imens ion ,  a s suming  of 
course  t h a t  t he  lines h a v e  been  indexed  and  the  wave-  
l eng th  of t he  r ad i a t i on  is k n o w n  (Rovinski j  & K o s t j u k o v a ,  
1958; M. ~ernohorsk:~,  1960). I n  this  p a p e r  the  c a m e r a  
g e o m e t r y  is i n t r o d u c e d  in to  t he  s imu l t aneous  Bragg  
equa t ions  in o rder  to  ob ta in  an  expl ic i t  express ion  for  
t he  la t t ice  p a r a m e t e r ,  a, of a cubic  crys ta l .  A n  ex tens ion  
to  c rys ta ls  of lower  s y m m e t r y  can  be m a d e .  

/ 
I 

Fig. 1. Camera geometry of flat back reflection camera. 
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W'e cons ide r  t h e  f la t  b a c k  re f l ec t ion  c a m e r a  in  F ig .  1 
a n d  f ind ,  

cos ¢~ = - c o s  20~ = 2  sin ~" 0~ - 1 =s/[s 2 + (ln~)2]½. (1) 

F o r  t w o  d i f f e r en t  l ines we  h a v e  

(h~+lc~2+l~2)),~=(2a) 2 sin 2 0~ ( i = 1 ,  2) (2) 

w h i c h  t o g e t h e r  y i e ld  

[((hi ~ + ~  + l ~ ) ~ / 2 a  2) - l ]  - 2 -  1 
R - -  (n~ /n~)2  = [ ( ( h ~  + ~  + 1 ~ ) ~ 2 ~ / 2 ~  ~) - 1]-2 - 1 

I f  we  n o w  le t  m~=(h~+Ic~2+l~2)~2/2 a n d  x = l / a  2 we 
o b t a i n  

x ~ + p x  ~ +qx  + r  = 0 ,  (4) 
w h e r e  

a n d  

(ml + m2) 
p = - 2  - -  - -  ( 5 )  

mira2 

(m 1 +me) 2 2 m22 - R m l  2 
+ - -  + (6) 

q -  (mlm2) ~ m l m  2 m i 2 m 2 2 ( R -  1) 

r = _ 2 I ( m l + m 2 )  ( m 2 - R m l )  ] 
(mlm2) 2 + m ~ - - l )  " (7) 

Th i s  cub ic  e q u a t i o n  can  r ead i l y  be  so lved  for  a. 
W e  can  n o w  i n v e s t i g a t e  t h e  e r ro r  in x = 1/a ~ i n t r o d u c e d  

b y  a n  e r ro r  in  R = (nl/n~) ~. 

A x = A R ( ~ x / ~ R )  -- A R . Z "  (8) 

Z" = (~x/~q) (dq/dR) + (ax/dr) (dr~dR) 

2(m, - m2) - -  x ( m l  2 - -  m~ 2) 
(9) 

(R - 1)2mlm~ [3x2mlm2 - 4 x ( m  1 + m2) + 4 
+ (Rm2 ~ - m12)/mlm~(R - 1)] 

More  c o n v e n t i o n a l l y ,  we can  i n t r o d u c e  Z b y  

Ax/x  -= Z ( A R / R )  = Z ' ( R / x ) .  (AR/R)  

or  Aa/a = Z.zJ(nl /n2)  
(nl/n2) 

- - .  (10)  

As a specif ic  e x a m p l e  of th i s  resu l t ,  le t  us  c o n s i d e r  t h e  
~1, a2 d o u b l e t  of t h e  (7, 5, 2) l ine p r o d u c e d  b y  Mo rad ia -  
t i on  i n c i d e n t  on  t u n g s t e n .  H e r e  

hi  2 + ]cl ~ + 112 -- h22 +/c22 + 122 -- 78, )~1 -- 0 .70926 A , 

2 2 = 0 . 7 1 3 5 4  A, a_~ 3-165 A, a n d  R _ ~ 2 . 3 9 .  

Th i s  impl ies  if nl /n  2 is k n o w n  to  one  p a r t  in 102, a w o u l d  
be  k n o w n  to  1.6 p a r t s  in  104 . 

Of course ,  in  an  a t t e m p t  t o  d e t e r m i n e  t h e  a c c u r a c y  of 
a p a r t i c u l a r  m e a s u r e m e n t  of a, we  m u s t  i n c l u d e  all 
s y s t e m a t i c  a n d  r a n d o m  er rors  in  ou r  e s t i m a t e  of 

A (nl/n~)/(nl/n2).  

F o r t u n a t e l y ,  t h e  t w o  l ines  a re  fa i r ly  close t o g e t h e r ,  h e n c e  
t he i r  s p e c t r a l  prof i les  a re  s imi lar .  T h u s ,  m o s t  of t h e  
s y s t e m a t i c  e r rors  in m e a s u r i n g  t h e  t w o  l ines  are  in t h e  
s a m e  d i r e c t i o n  a n d  of n e a r l y  t h e  s a m e  m a g n i t u d e .  F r o m  
th i s  i t  c an  eas i ly  be  s h o w n  t h a t  t a k i n g  t h e  r a t i o  cance ls  
t h e  i n d i v i d u a l  e r rors  in n 1 a n d  n 2 to  f i rs t  o rde r .  

I w o u l d  l ike to  t h a n k  D r  J .  K a r l e  a n d  D r  H .  H a u p t -  
m a n  for  c o n t i n u e d  i n t e r e s t  a n d  he lp fu l  d i scuss ions .  
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W e  h a v e  p r e p a r e d  t h e  c o m p o u n d  Li2MgPb,  d e t e r m i n e d  
i ts  s t r u c t u r e  a n d  m e l t i n g  p o i n t .  S a m p l e s  were  p r e p a r e d  
b y  m e l t i n g  t o g e t h e r  m e t a l l i c  e l e m e n t s  of g r e a t e r  t h a n  
99-5% p u r i t y .  Me l t i ng  a n d  t h e r m a l  ana lys i s  we re  d o n e  
on  s a m p l e s  in  a p u r e  i ron  c ruc ib le  in  a n  a r g o n  a t m o s -  
phe re .  Crys ta l s ,  a c e n t i m e t e r  on  a n  edge,  g r e w  eas i ly  in 
a 300 g. s a m p l e  w h i c h  r e q u i r e d  a b o u t  t h i r t y  m i n u t e s  to  
freeze.  T h e  c o m p o u n d  is b r i t t l e ,  h a s  a m e t a l l i c  b lue  color,  
a n d  t a r n i s h e s  in  a m a t t e r  of m i n u t e s  in l a b o r a t o r y  air.  

T h e  m e a s u r e d  a n d  c a l c u l a t e d  w e i g h t  p e r c e n t a g e s  of 
t h e  e l e m e n t s  are,  r e s p e c t i v e l y :  Li,  5.71_+0.06, 5.66;  
Mg, 9.99_+0.02, 9.91;  Pb ,  84.1 _+0.3, 84-43. A c o n g r u e n t  
m e l t i n g  p o i n t  of 859 °C. was  m e a s u r e d  for  t h e  c o m p o u n d .  
T h e  t r u e  m e l t i n g  p o i n t  of t h e  p u r e  c o m p o u n d  is p r o b a b l y  
w i t h i n  10 °C. of th i s  va lue .  

X - r a y  d i f f r ac t i on  p o w d e r  p a t t e r n s  s h o w e d  th i s  com-  
p o u n d  to  h a v e  a f a ce - cen t e r ed  cub ic  s t r u c t u r e .  W e  com-  
p a r e  ou r  p r o p o s e d  s t r u c t u r e  for  th is  c o m p o u n d  w i t h  Li3Pb 

* This work was performed under  the  auspices of the U.S.  
Atomic Energy  Commission. 

December 1960) 

(Za lk in  & R a m s e y ,  1956) a n d  Mg2Pb ( B r a u e r  & Ties ler ,  
1950a) : 

a 0 (A) 
Positions* 

0, 0, 0, 
½, ½, ½, 

Li3Pb Mg2Pb Li2MgPb 

6-687 6.813 6.781 

Pb  Pb Pb  
Li Vacant  Mg 

2 Li 2 Mg 2 Li 

* To all positions is added face-centering. 

S ince  X - r a y  d i f f r ac t i on  does  n o t  r e ad i l y  r evea l  l i gh t  
a t o m  pos i t i ons  in th i s  s t r u c t u r e ,  we  p r o p o s e  soon  to  c a r r y  
o u t  n e u t r o n  d i f f r ac t ion .  I f  t h e  s t r u c t u r e  is as o r d e r e d  
as we  suppose ,  we m a y  look  for  d i s o r d e r i n g  a m o n g  t h e  
l igh t  e l e m e n t  p o s i t i o n s  b y  e lec t r ica l  r e s i s t i v i t y  m e a s u r e -  
m e n t s .  (The  n u c l e a r  m a g n e t i c  r e s o n a n c e  a d s o r p t i o n  l ine 
of t h e  Li  in t h e  c o m p o u n d  is s h a r p  as i t  is in semi-  
c o n d u c t i n g  LisBi,  w h e r e a s  t h e  l ine is b r o a d  in c o n d u c t i n g  
l i t h i u m  i n t e r m e t a l l i c  c o m p o u n d s  (Holder ,  1960).) 

T h e  c o m p o u n d  sat isf ies  t h e  c r i t e r i a  of Moose r  & Pea r -  


