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consists  of t he  spots  due  to  the  c rys ta l  of  6- layer  s t r u c t u r e  
a n d  the  con t inuous  s t r eak  connec t ing  these  spots.  I t  is 
found,  however ,  t h a t  t he  s t r eak  is ac tua l ly  composed  of  
a n u m b e r  of  spots,  due  to t he  n e w  modif ica t ion ,  s epa ra t ed  
f rom each  o the r  b y  an  equa l  shor t  d is tance ,  a b o u t  
0-3 m m .  on t h e  film t a k e n  in a c a m e r a  of  rad ius  8 cm.  
w i th  Cu Kc~ rad ia t ion ,  a n d  we can e n u m e r a t e  33 spots  
w i th in  the  d i s tance  wh ich  cor responds  to the  c per iod  of 
SiC (6). This obse rva t ion  shows t h a t  t he  rec iprocal - la t t ice  
po in ts  of  t he  n e w  modi f ica t ion  are  d i s t r i bu t ed  on the  
(10T/) rod  wi th  an  in te rva l  a~ of  t h a t  for SiC (6), ind ica t ing  
a la t t i ce  pe r iod  a long the  c axis co r respond ing  to at least 
6 × 3 3 -  198 layers .  

The  fine s t r uc tu r e  of  t he  rec iprocal - la t t ice  rod,  as found  
above  for t he  (101l) rod,  can  also be conf i rmed by  obser- 
va t ions  on L a u e  pho tographs ,  on which  the  Laue  lines due  
to SIC(6) as well  as those  due  to  the  n e w  modi f ica t ion  
appea r  s imul taneous ly .  Figs.  2 a n d  3 (a) show such Laue  
p a t t e r n s  t a k e n  on cy l indr ica l  films (R = 8 cm.) w i th  t he  
inc iden t  X - r a y  beams  nea r ly  paral lel  to  the  c axis and  
pe rpend icu l a r  to t he  [1120] and  [ l lO0] axes respect ive ly ,  
t he  l a t t e r  axes being set paral le l  to  t he  axis of t he  cylin- 
dr ical  films. Besides t he  in tense  Laue  lines be longing to 
SiC (6) (denoted  b y  L ( 10 i l  ) (6), L (1072) (6), etc.),  t he re  are  
regu la r  line groups  wi th  m o d e r a t e  intensi t ies  wh ich  
cor respond  to  the  n e w  modi f ica t ion  (deno ted  b y  sn, n = O, 
1, 2 . . . .  ). W e  found  jus t  33 lines of  this  k ind  b e t w e e n  two 
L a u e  lines of  SiC (6), say  L (10 i l )  (6) a n d  L (1012) (6). T h e  
a p p e a r a n c e  of  these  sn lines is exp la ined  on a s suming  for 
these  rec iprocal - la t t ice  rods t he  same  s t ruc tu r e  as 
d e d u c e d  f rom the  osci l lat ion pho tog raph ,  w i th  due  regard  

to  t he  effect of  h igher  ha rmonics .  The  L a u e  pho tog raphs ,  
however ,  revea l  more  c lear ly  t h a t  none  of  t he  rec iprocal  
points  of  t he  n e w  modi f ica t ion  coincides w i th  those  of  
SIC(6) w h i c h  have  hexagona l  s y m m e t r y .  As is obvious  
f rom Fig.  3 (b), t h e  rec iprocal  poin ts  of  t he  l a t t e r  s t ruc-  
t u re  are  s i t ua t ed  a t  a pos i t ion  one- th i rd  t he  w a y  b e t w e e n  
the  nea res t  two rec iprocal - la t t ice  points  of the  new modi-  
f ication.  This  one- th i rd  dev ia t ion  is no t  a resul t  of  con- 
s idera t ions  ar is ing f rom some t r iv ia l  origins, since, as we 
have  conf i rmed,  i t  t akes  place  for six rods (101l), ( l l0 l ) ,  
(0 i l / ) ,  (101l), ( l l0 l )  and  (011l) in c o m m o n ,  b u t  by  
chang ing  the  sense a l t e rna te ly ,  so t h a t  the  d i s t r ibu t ion  of  
the  rec iprocal  points ,  as a whole ,  mani fes t s  the  r h o m b o -  
hedra l  s y m m e t r y  of  t he  s t ruc tu re .  The  u l t i m a t e  c per iod  of  
the  n e w  modif ica t ion ,  therefore ,  does no t  cor respond  to  
the  a b o v e - m e n t i o n e d  6 × 33 = 198 layers ,  b u t  t he  t r iple  of 
it,  t h a t  is to say,  3 × 6 x 3 3 =  594 layers .  The  fac tor  3, 
t oge the r  w i t h  t he  one- th i rd  dev ia t ion  of  sn-line group  
re la t ive  to SIC(6) L a u e  lines, is u n d e r s t o o d  b y  the  ex- 
t i nc t ion  ru le  of  reflexions for the  r h o m b o h e d r a l  la t t ice .  

The  la t t ice  per iod a long the  hexagona l  c axis  of  the  n e w  
modi f ica t ion  is 2 . 5 1 x 5 9 4 ~ 1 5 0 0 A .  The  range  of  t he  
order ing  force for layers  in this  s t ruc tu re ,  therefore ,  shou ld  
be a t  least  2.51 × 5 9 4 - 3 ~  500A.,  wh ich  c a n n o t  be under -  
s tood in t e rms  of  t he  conven t iona l  t y p e  of  force b e t w e e n  
layers .  
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The  re l iabi l i ty  index 

R - ( z  I[ Fo~,. [ - I  F,~o. I l)/(z I Fo~,. I) 
is w ide ly  used  as a tes t  of  t he  qua l i t y  of  a s t ruc tu re  de ter -  
mina t ion .  Values  of R for t r ia l  s t ruc tu res  are  no t  of ten 
publ i shed ,  b u t  it  w o u l d  seem t h a t  a s t r uc tu r e  g iving R in 
t he  range  0.3-0.5 is a ccep t ed  as showing  promise  of  refine- 
men t .  D u n i t z  (1949) gives 0.37 for his t r ia l  s t r uc tu r e  for 
1, 2, 3, 4 - t e t r apheny l cyc lobu t ane .  Comple t ed  s t ruc tu re  
d e t e r m i n a t i o n s  usua l ly  have  R less t h a n  0.25, t h o u g h  
h igher  va lues  h a v e  been  repor ted ;  F e n i m o r e  (1948) gives 
R = 0 . 3 1 - 0 . 3 6  a n d  Geller & H o a r d  (1950) give 0.32. I t  
seems of  some in teres t  to  find t he  p robab le  va lue  of  R for 
an  en t i re ly  w r o n g  s t ruc tu re ,  t h a t  is, one  w i th  t he  same  
s y m m e t r y  as t he  cor rec t  s t ruc tu re ,  b u t  w i th  an  un re l a t ed  
a r r a n g e m e n t  of  the  same  a toms .  

L e t  F 1, F 2 be the  values  of  [ Yh~.z [ for t he  two s t ruc tures ,  
X be [2"1-2 '2] ,  a n d  M be the  n u m b e r  of  reflexions on 
w h i c h  R is to be based.  T h e n  

R = M  (X>/M <1 F [> 
=<x>/<lFl>, (1) 

where  t he  angle  b racke t s  ind ica te  average  values.  Since 
2"1 a n d  2"2 are  due  to s t ruc tu res  wi th  the  same s y m m e t r y  
a n d  a toms ,  the  p robab i l i ty ,  P(F)dF ,  t h a t  F lies be tween  
F a n d  F +  dF is the  same  for bo th  F 1 and  F 2 (Wilson, 1949, 

1950). A pa r t i cu l a r  va lue  of  X can  arise in two ways :  
(i) a va lue  of  F 1 m a y  be pa i r ed  wi th  t he  va lue  F 2 = F 1 + X ,  
a n d  (ii) a va lue  of  F 1 > X m a y  be pa i red  w i th  t he  va lue  
F 2 = 2' 1 - X.  The  p robab i l i ty ,  Q(X) dX,  t h a t  X lies be tween  
X and  X + d X  is therefore  g iven b y  

fo L Q(X) -- P(F)  P ( F  + X)  dF + P(F)  P ( F  - X)  dF 

I° = 2 P ( F )  P ( F  + X)  dF .  (2) 
0 

Since Q(X) is a p robab i l i t y -d i s t r i bu t ion  func t ion ,  a pa r t i a l  
check  of  (2) is o b t a i n e d  by  showing  t h a t  t he  in tegra l  of  
Q(X) f rom 0 to oo is u n i t y ,  w h a t e v e r  the  fo rm of P ( F ) .  F o r  
conciseness of  express ion in this  a n d  o the r  manipulatiorLs 
be low it  is conven ien t  first to  in t roduce  the  funct ions  
N ( F )  a n d  G(F) def ined b y  the  equa t ions  

; } N(F)-- 0 P ( F / d F ,  

dN(2") = P(2,) dF, (3) 

N(oo) = 1, 

G(F)  = o FP(F)  dF, 

dG(F) = FP(F)  dF, [ (4) 

G(~) <IFI>. ) 
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T h e n  

dF 

T h e  m e a n  va lue  of  X,  requ i red  for eva lua t ing  R, is 

(x)= f:xQ(x)ax 

d.F 

= 2[( I .F I ) -  (G(F) } -  (I .F I} + a(oo) N(oo)- (G(F)}] 
=2(I F I}-  4 (G(.F)}. (5) 

The  rel iabi l i ty  index  is therefore  

<G(.F)> 
R = 2 - 4  <l -F I---~;-" (6) 

Since G(.F) is necessari ly  posi t ive,  R <  2 w h a t e v e r  the  
probabi l i ty  d i s t r ibu t ion  of  t he  s t ruc ture  ampl i tudes .  

Fo r  the  usual  centr ic  and  acentr ic  d i s t r ibu t ion  funct ions  
(G(.F)) can be eva lua t ed  in  t e rms  of  Z, t he  average  value  
of  I .F I ~" (Wilson, 1949), and  more  precise numer ica l  values 
cart be  ass igned to  t he  probable  value  of  R. 

I n  t he  eentr ic  case 

(i) G('F) = (~-r-~) ' f : "F exp {- "F~/2Z} d'F 

= ( ~ ) '  [1 -- exp {-- F2/2Z}], 

[ i - exp { - F~/2Z}] exp { - -F~/21~} d.F , (G(.F)}=~ 0 

= [42-1] ,  (7) 

(Y) R =  2 4 2 -  2 -  0.828, (8) 

since ( F )  = (2Z/zr)½. 

I n  the  acentr ic  case 

F (1) G(-F) = 22  -~ -Fe exp { - -F~/Y~} d F  
o 

= - - F  exp { --F2/Z} + ½(TrZ)½ erf(E/Z~), 

F (G(F) )  = -- 2Z - t  F 2 exp { -- 2F2/Z} dF 
0 

+(~) ! f :Fer f (F /Z~)exp{ -F2 /Z )dF ,  

which  gives, on in tegra t ion  by  parts ,  

(G(-F)) = - ~  (9) 

The  value  of  R is therefore  

(1) R = 2 - ~/2 - 0 .586 ,  (10)  

since (I -F I) = ½(TrZ)½. Thus  R for an  en t i re ly  wrong  cent re-  
symmet r i c  s t ruc ture  is ~/2 t imes  as big as for a wrong  non-  
een t rosymmet r i c  s t ructure .  

Opinions of  crysta l lographers  differ w h e t h e r  0.586 a n d  
0,828 are surpris ingly small  or abou t  w h a t  wou ld  be 
expec ted  for en t i re ly  incorrect  s t ructures ,  bu t  t he  fo rmer  
v iew appears  to  be t he  more  prevalent .  Cer ta inly  it  seems 
t h a t  even  correct  non -cen t ro symmet r i c  s t ruc tures  and  
project ions  will give inhe ren t ly  lower  values of  R t h a n  
cen t rosymmet r ic ,  mere ly  because of  t he  lower dispersion 
of t he  acentr ie  d i s t r ibu t ion  funct ion.  I t  is therefore  neces- 
sary to  achieve a grea ter  measure  of  ag reemen t  b e t w e e n  
observed  and  calcula ted .F's before a non -cen t ro symmet r i c  
s t ruc ture  can be regarded  as established.  

I a m  i n d e b t e d  to  Dr  D. Rogers  for several  helpful  
criticisms. 
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I n  a discussion of t he  value  of  t he  re l iabi l i ty  index  for 
wrong  s t ruc tures  (Wilson, 1950), i t  was sugges ted  t h a t  R is 
inhe ren t ly  h igher  for re flexions w i th  a centr ic  dis t r ibut ion,  
even  w h e n  the  s t ruc ture  is near ly  correct,  mere ly  because 
of  t he  h igher  dispersion of t he  d is t r ibut ion  funct ion.  Two 
other  proper t ies  of  t he  centr ic  d i s t r ibu t ion  t e n d  in the  
same direct ion:  t he  smaller  value of  (] F I), and  the  larger 
p ropor t ion  of  w e a k  re flexions (and therefore  ordinar i ly  
the  larger p ropor t ion  of accidenta l  absences).  The  former  
reduces the  d e n o m i n a t o r  of  R and  the  la t te r  acts ma in ly  
by  increasing t he  numera to r ,  t hough  it  has a smaller  effect 
on  the  d e n o m i n a t o r  as well. 

Fo r  s impl ic i ty  R will be calcula ted for a group of  re- 
flexions w i th  approx ima te ly  the  same va lue  of  sin 0/A, so 
t h a t  var ia t ion  of t he  f ' s  and  t he  t e m p e r a t u r e  factor  can 
be neglected.  The  var ia t ion  of R wi th  sin 0/2t is m e n t i o n e d  
briefly below. The  effect of  <I-F I) on the  d e n o m i n a t o r  is 
t h e n  simple;  <1 2 ' 1 > -  0.798]E~ for centr ic  d is t r ibut ions  and  
0"887Z~ for acentr ic  (Wilson, 1949). Other  th ings  be ing  
equal ,  therefore,  R for cen t rosymmet r i c  s t ructures  or 
pro jec t ions  will be abou t  10 % of its va lue  larger t h a n  for 
non -cen t rosymmet r i c  s t ructures  or project ions.  

The  effect of  accidenta l ly  absen t  reflexions is a l i t t le  
more  complicated.  I f  the  pho tograph ic  t echn iques  are 


