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Table 1 (cont.) 

Equator position, inclination of incident beam 
Beam divergence (axial, equatorial); specimen height 

(interference-cone overlapping) 
Angle measurements; counter movement; pulse regis- 

tration 
Beam absorption or transparency of the specimen 
Temperature of the specimen 
l~efraction in the specimen 

(c) Errors of measuring procedure (approximations in rheth- 
ods of measurement and evaluation; errors of calibra- 
tion; standard comparison) 

Incorrect scale (measurement, evaluation) 
Angle functions in extrapolation methods 
Correction for refraction (dependent on condition of 

crystal) 
Wavelength uncertainty; asymmetry of emission lines 
Absolute determination of the X unit 

( 'exterior error ')  or whe ther  it is obta ined wi thou t  regard 
to the squares of the  devia t ion as ' in ter ior  error '  

= (Xl/p~)½ = ± 0.000 02 A; 1 / ~  = Z l / m ~ .  

m is the unce r t a in ty  of measu remen t  of the final result  
of each ins t i tu te  calculated on the  assumption tha t  m 
contains only r andom errors, r~ turns  out  smaller than  
my, and so, in accordance wi th  error theory,  it shows the 
exmtence of some sys temat ic  errors. To es t imate  their  
amount ,  Aa, in the  IUCr  total  result  the ordinary  root- 
mean-square  error 

A a  ~ ~ = ( ~ ( a ~  - ~ F / ( n  - 1))t 

can be applied. About  two-thirds  of all the  final results 
a repor ted  by  the inst i tutes  lie wi th in  the limits Aa = 
± 0.0002 A. This es t imate  migh t  represent  a reasonable 

cri terion for the residual portions of the systemat ic  
errors. In  it the  differences between the inst i tute  values 
are formally t rea ted  as r andom deviations.  This is a valid 
procedure  in this case, because the  n u m b e r  n of the  
par t ic ipa t ing  inst i tutes  is no t  too small, and  fur ther  
because their  final results are d is t r ibuted ra ther  regular ly 
a round the total  result  ~ of the IUCr.  Compared with  this 
residual port ion Aa of the  mean  systemat ic  errors, the 
r andom errors of the  total  result,  r~p =0"000 04 A, are 
not  hnpor tan t .  

The final result  ~ =5.430 64 A is obta ined from an 

ar i thmet ic  mean  wi th  weight ing factors p ;  the  results are  
different  depending on whe the r  weight ing factors a re  
introduced,  

~p = Zp~. d~/Xp~ = 5.430 64 A ,  
or no t  

No = ~ ,~ /n  = 5.430 54 A .  

Thus as total  result  for the  lat t ice pa rame te r  of t he  
silicon, on the  condit ions agreed, there  results 

as± = (5.430 64{1 ± 3-7 x 10 -5} ± 0.000 04) A ,  

where  the  brackets  contain  the  es t imated  residual por t ion 
of the  m e a n  sys temat ic  error, or briefly 

as±-- (5.430 64 ± 0.0002) A .  

At ten t ion  m a y  once more  be d rawn to the---in some 
respects dub ious - -a s su 'np t ion  under ly ing  this error dis- 
cussion, name ly  t ha t  the  repor ted  uncer ta int ies  m contain 
essentially only the r andom errors of the inst i tutes.  
Otherwise, the discussion of error becomes still more  
difficult or e v e n  impossible. This shows the necessi ty of 
a precise and deta i led  specification of the  exper imenta l  
uncertainties of each institute and the advantage of 
knowing which of the systematic errors were treated in 
detail in the error elimination. Lastly, an attempt at 
classifying the many possibilities of errors arising is given 
in Table I. 

Perhaps the available IUCr comparison measurements 
cannot yet, strictly, be regarded as ultimate; but in any 
case they are a very valuable basis for further coopera- 
tion. 
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I n t r o d u c t i o n  

The principle of the  rat io me thod  for cubic lattices 
consists in using two diffraction lines for de termining the  
individual  values of the lat t ice parameter .  For  two- 
pa rame te r  lattices three or four diffraction lines are to 
be taken.  In  this way  a knowledge of the distance spec- 
imen-fi lm or of the camera  radius is no t  needed.  

:For cubic lattices the m e t h o d  was described in various 

forms by  several authors  (Wever & Mbller, 1933; Rovin-  
skij, 1940; (~ernohorsk:~, 1952; Becherer,  Brf immer  & 
If land,  1955; Rovinskij  & Kost iukova ,  1958). For  two- 
parameter lattices the method was described also (Ma- 
t~jka, 1956). However, only a flat camera or a cone 
camera (KochanovskA, 1943) was used. The use of cylin- 
drical cameras has been described recently (~ernohorsk:~, 
1959a). 

The present paper shows how to determine a priori 
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t h e  a c c u r a c y  as a func t ion  of t he  choice of t he  d i f f rac t ion  
lines. I n  add i t ion ,  t h e  resul ts  of m e a s u r e m e n t s  are  
p r e s e n t e d  as to  i l lus t ra te  t he  possibil i t ies of t he  ra t io  
m e t h o d  used  w i th  cy l indr ica l  cameras .  

I t  seems i nd i ca t ed  to give he re  br ief ly  the  pr inc ip le  of 
t he  ra t io  m e t h o d  app l ied  w i t h  cy l indr ica l  cameras .  

Cubic lattices 
T h e  p a r a m e t e r  a can  be  d e t e r m i n e d  f rom the  e q u a t i o n  

li ½g -- a rcs in  [(2i/2a) (h~ +/c~ + l~)½] 

l~ = ½ u -  arcs in  [(2j/2a)(h~ +lc~ +l~)½] ' 

w h e r e  1 is t h e  l eng th  co r r e spond ing  to the  angle  2 ~ -  40. 
A pa i r  of d i f f rac t ion  lines is t hence  needed .  W e  c o m p u t e  
t he  r igh t  side of the  e q u a t i o n  for e q u i d i s t a n t  a r g u m e n t s  a. 
Thus  we  ob ta in  a t ab le  w h e r e  t he  la t t ice  p a r a m e t e r  cor- 
r e spond ing  to  t h e  ra t io  of t he  m e a s u r e d  va lues  l~, lj is 
found .  

T etragonal lattices 
F o r  t e t r a g o n a l  la t t ices  we c o m p u t e  t he  ra t io  

½g - arcs in  [(~i/2a)(h~ + k~ + l~uZ)½ ] 

½ g -  arcs in  [(~tj/2a)(h~ + lc~ + l~uU)½ ] 

for  e q u i d i s t a n t  va lues  of a a n d  u (u =a/c). I n  t he  coor- 
d ina t e  s y s t e m  wi th  axes a, u a l ine cor responds  to the  
ra t io  be longing  to a pa i r  of d i f f rac t ion  lines. This  line has  
been  cal led t he  isomorionic  line, i.e. a l ine whe re  the  ra t ios  
h a v e  the  same  values ,  as exp la ined  in de ta i l  a n d  illus- 
t r a t e d  in the  p a p e r  c i ted  (~ernohorsks~, 1959a, p. 146). 
E a c h  pai r  of d i f f rac t ion  lines gives us an  isomorionic  line. 
T h e  po in t  of in te r sec t ion  of two  isomorionic  lines de ter -  
mines  t he  la t t i ce  p a r a m e t e r s .  

Hexagonal lattices 

T h e  app l i ca t ion  to t he  h e x a g o n a l  la t t ices  is obvious .  

A c c u r a c y  f u n c t i o n s  

F o r  d i f fe ren t  cases i t  is possible to  es tabl ish  an  a c c u r a c y  
f u n c t i o n  Z def ined  b y  the  re la t ion  

A P / P  = Z(Aa/a) . (1) 

T h e  va lues  of this  a c c u r a c y  func t ion ,  t h e  so-cal led ac- 
c u r a c y  factors ,  s t a te  h o w  m a n y  t imes  t he  re la t ive  accu-  
r a c y  of t h e  e v a l u a t e d  la t t i ce  p a r a m e t e r  a is g rea t e r  t h a n  
t h e  re la t ive  a c c u r a c y  of the  ra t io  P of t he  d i rec t ly  
m e a s u r e d  va lues  (~ernohorsks~, 1959b). I f  these  va lues  
a re  r e p r e s e n t e d  b y  the  in te rva l s  1 (i.e. P~I =li/1j), t h e n  
we h a v e  an  abso lu te  m e t h o d  cal led  t he  ra t io  m e t h o d  
( ~ e r n o h o r s k ~ ,  1952), 

(a) C0) 
Fig. 1. Geometrical arrangement.  

T h e  a c c u r a c y  func t ion  of t h e  ra t io  m e t h o d  for cubic  
la t t ices  is g iven  for t he  f la t  c a m e r a  (Fig. l(a)) b y  for- 

m u l a  (2) a n d  for t he  cy l indr ica l  c a m e r a  (Fig. l(b)) b y  
fo rmula  (3): 

ZF =wl  --w2, w =4  t a n  0 cosec 40; (2) 

Z c = z l - z 2 ,  z = ( ½ n - O )  -1 t a n  0 . (3) 

T h e  a c c u r a c y  fac tors  in t he  en t i re  region of B r a g g  angles  
above  60 ° are  g rea t e r  in t he  case of t he  cy l indr ica l  c amera .  
T h e  di f ference  of a c c u r a c y  fac tors  is, however ,  on ly  of 
s l ight  q u a n t i t a t i v e  s ignif icance,  so t h a t  f r om t h e  view- 
po in t  of a c c u r a c y  factors  b o t h  m e t h o d s  are  p r a c t i c a l l y  
equa l ly  conven ien t .  H o w e v e r ,  w i th  respec t  to  t he  per-  
pend i cu l a r  inc idence  of t he  d i f f rac ted  b e a m s  to  t h e  f i lm, 
t he  cy l indr ica l  c a m e r a  is m u c h  m o r e  c o n v e n i e n t  t h a n  the  
f lat  camera .  

F o r  t w o - p a r a m e t e r  la t t ices  t he  re la t ion  

A P / P  =Za(Aa/a) +Zu(zJu/u),  u =a/c (4) 

can  be der ived ,  whe re  the  a c c u r a c y  func t ions  t a k e  t h e  
forms 

Za-----Zl--Z2, Z : ( ½ ~ - - 0 )  -1 t an  0 , (5) 

Zu = - (zl/M1) + (z2/M2) , (6) 
where  

h + k 2 ( te t ragonal )  
M = 1 +m/(l~u2), m = (7) 

- -~(h  2 +hie + k  2) (hexagonal)  

Thus  Za is iden t ica l  w i th  t he  a c c u r a c y  func t i on  (3) for  
cubic  la t t ices  whereas  Zu depends  n o t  only  on the  B r a g g  
angle  b u t  also on the  Miller indices and  on the  ra t io  of 
l a t t i ce  p a r a m e t e r s .  As bo th  the  func t ion  z and  the  func-  
t ion  M can  be t a b u l a t e d  the  d e t e r m i n a t i o n  of t he  a c c u r a c y  
fac tors  Za and  Zu in ac tua l  cases is ve ry  rapid .  

I s o m o r i o n i c  b e l t s  for  t w o - p a r a m e t e r  l a t t i c e s  

T h e  idea  of m a k i n g  use of t he  a c c u r a c y  func t ions  resides 
in the  possibi l i ty  of a priori es t ima t ion  of t he  charac-  
ter is t ics  of t he  d i f f rac t ion  lines c o n v e n i e n t  for  t he  ra t io  
m e t h o d .  W i t h  respec t  to t he  l imi ted  a c c u r a c y  of t he  
m e a s u r e d  va lues  it  is adv i sab le  n o t  to w o r k  w i t h  iso- 
mor ion ic  lines, b u t  wi th  isomorionic  bel ts  (Fig. 2). T h e  

t /  

Au 

• . I  v .  0 

Aa 

Fig. 2. Isomorionic belts. Each belt is given by the ratio 
Pij = (l~ +_ Al~)/(lj ± zJlj) and by characteristics of the dif- 
fraction lines in question (0, hkl). 
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T a b l e  1. Lattice parameters of ruthenium (t = 21. s °C.) 

Quartet  of lines Za Zu Za/Zu a a/c 

1 Ni a s 114 Cu a s 300 4.3 29.1 0.147 2.7057 A 0.63205 
Ni fl 213 Cu a 1 105 130.8 29.6 4-42 

2 Ni a 1 114 Ni ag. 211 28.2 23.8 1.18 2.7058 0.63206 
Cu a s 300 Cu a9 204 21.7 -- 11.7 -- 1.85 

3 Ni a s 114 C u a  1 300 12.0 29.1 0-41 2.7056 0.63201 
Ni fl 213 Ni a 1 114 102.4 15.2 6.74 

4 Ni a I 114 ~li a 1 211 28-8 23-9 1.21 2.7058 0.63201 
Cu a I 300 Cu a~ 204 14.0 -- 11.7 -- 1.20 

5 C u a  s 300 Ni a x 114 3.5 --24.3 --0.14 2.7059 0.63205 
C u a  s 300 Ni~x 1 211 32.3 --0.4 --80.8 

6 Ni a s 114 lqi a s 211 36.0 28-6 1.26 2.7058 0.63206 
Cu a 1 300 Cu a 1 204 16.3 -- 10.4 -- 1-57 

7 Ni a l  114 C u a  1 300 4.2 24.3 0.17 2.7057 0.63203 
C u a  1 300 Ni a s 211 24.0 --0.5 --48.0 

8 Ni a s 114 Ni a 1 211 36.6 28.7 1-28 2.7059 0-63205 
Cu a s 300 Cu a 1 204 24.0 -- 10.4 --2.31 

Mean value 2.7058 A 0.63204 
_+ 0.0001 A + 0.00002 

c o m m o n  p a r t  of b o t h  be l t s  answers  t he  ra t io  of va lues  
m e a s u r e d  w i t h  the  r e s p e c t i v e  accu racy .  I n  o rde r  t h a t  
t he  errors  of t he  m e a s u r e d  la t t i ce  p a r a m e t e r s  m a y  be  
smal l  i t  is n e c e s s a r y  for  the  i somor ionic  be l t s  to  be  
na r row ,  i.e. a t  l eas t  one  of the  va lues  Za, Zu m u s t  be  
grea t .  F u r t h e r m o r e ,  i t  is c o n v e n i e n t  for  t he  i somorionic  
be l t s  n o t  to  in te r sec t  a t  a smal l  angle  bu t ,  if possible ,  
to  be  p e r p e n d i c u l a r  one to  t he  o ther .  I t  is t he re fo re  
des i rab le  to  f ind such  c o m b i n a t i o n s  of d i f f r ac t ion  lines 
t h a t  g ive  a h igh va lue  Za or Zu and  v e r y  d i f fe ren t  s lopes  
aZa/(uZu) for  the  t w o  i somor ionic  bel t s .  

Experimental 
The  resu l t s  of this  ana lys i s  h a v e  b e e n  app l i ed  to  ru the -  
n ium.  I t  a p p e a r e d  to  be  c o n v e n i e n t  to  use  nickel  a n d  
c o p p e r  r ad ia t ion .  The  c a m e r a  d i a m e t e r  was  114.6 ram.,  
t he  p o w d e r  spec imen  of r u t h e n i u m  (at  leas t  99 .5%) was  
f lat .  The  p a t t e r n  m e a s u r e m e n t  was  done  b y  m e a n s  of  
an  A b b e  c o m p a r a t o r  of Zeiss m a k e .  E i g h t  q u a r t e t s  of 
d i f f r ac t ion  lines were  chosen  in such  a w a y  t h a t  each  
q u a r t e t  b r o u g h t  in to  be ing  a pa i r  of i somor ionic  be l t s  
a p p r o x i m a t e l y  p e r p e n d i c u l a r  to  each  o ther .  The  resu l t s  
a re  g iven  in T a b l e  1. 

The  resu l t ing  a c c u r a c y  is s a t i s f a c t o r y  if we  t a k e  in to  
cons ide r a t i on  the  e x p e r i m e n t a l  s impl i c i ty  of t he  m e t h o d  
a n d  t he  f ac t  t h a t  t he  d i r ec t ly  m e a s u r e d  va lues  were  n o t  
c o r r e c t e d  in a n y  w a y  a n d  no  e x t r a p o l a t i o n  p r o c e d u r e s  
we re  used .  S y s t e m a t i c  errors,  u n d o u b t e d l y  p resen t ,  are  
e l i m i n a t e d  s imp ly  t h r o u g h  the  f ac t  t h a t  we  w o r k  w i t h  
the  ra t io  of m e a s u r e d  va lues .  Of course,  t h e y  are  elimi- 
n a t e d  on ly  as far  as t h e y  are  p r o p o r t i o n a l  to  the  supple-  
m e n t  of the  B r a g g  angle.  The  non- l inear  p a r t  of s y s t e m a t i c  
errors  can  m a n i f e s t  i tself  on ly  if t he  prec is ion  of the  
m e a s u r e m e n t  is h igh enough .  As it is des i rab le  to  fol low 
the  s y s t e m a t i c  errors  as a f u n c t i o n  of t he  B r a g g  angle,  
a usefu l  f e a tu r e  of the  ra t io  m e t h o d  car r ied  ou t  w i t h  t he  
cy l indr ica l  c a m e r a  res ides  in t he  f ac t  t h a t  t he  d i f f r ac t ion  
lines w i t h  B r a g g  angles  as smal l  as 60 ° m a y  be  used .  

To  d e t e r m i n e  t he  m a g n i t u d e  of t he  s y s t e m a t i c  errors ,  
a s u b s t a n c e  w i t h  cubic  l a t t i ce  m a y  be  used .  I f  we  corn- 

T a b l e  2. Lattice parameter of rhodium (t = 21. 5 °C.) 

Lines C u K  422a 2 422a 1 

72.0 ° 333fl 3.80360 A 3.80374 A 
65.2 420a2 3.80353 3-80363 
64.9 420a 1 3.80353 3.80363 
63.7 422fl 3.80361 3.80375 
62.2 331a s 3.80361 3.80375 
62.0 331a 1 3-80359 3-80371 

Mean value 3.80364 A 
+ 0.00011 A 

b ine  a g iven  d i f f r ac t ion  line success ive ly  w i t h  all t he  
o the rs  we  can  c o n v e n i e n t l y  fo l low the  angu l a r  d e p e n d e n c e  
of t he  s y s t e m a t i c  errors ,  p r o v i d e d  t h e y  e x c e e d  the  ac- 
c u r a c y  of t he  m e a s u r e m e n t .  T a b l e  2 gives  t he  va lues  for  
r h o d i u m  (at  l eas t  99 .8%).  N o  angu l a r  d e p e n d e n c e  of t he  
l a t t i ce  p a r a m e t e r  is a p p a r e n t ,  t h u s  it  is poss ib le  to  s a y  
t h a t  w i t h i n  l imits  co r r e spond ing  to  the  a t t a i n e d  accu-  
racy ,  s y s t e m a t i c  er rors  we re  in th is  case p r o p o r t i o n a l  t o  
t he  s u p p l e m e n t  of t he  B r a g g  angle.  

Conclusions 

The  a c c u r a c y  func t ions  desc r ibed  m a k e  poss ib le  a v e r y  
qu ick  su rvey .  T h e y  save  m u c h  c o m p u t a t i o n a l  w o r k  b y  
m a k i n g  it  poss ib le  to  p r ec lude  such  cases  t h a t  lead  to  a 
smal l  a ccu racy ,  and  to  focus  on ly  on c o n v e n i e n t  cases.  
This  is t he  chief  s ignif icance of d e t e r m i n i n g  a n d  t a b u l a t -  
ing the  a c c u r a c y  func t ions .  

As to  the  ra t io  m e t h o d ,  i t  is a p p a r e n t  t h a t  i t  is ad-  
v a n t a g e o u s  especia l ly  in those  cases  when  the  p r e p a r a t i o n  
of the  spec imen  in o the r  t h a n  p lane  fo rm  is di f f icul t .  
The  resu l t s  which  can be  a t t a i n e d  b y  it are  s a t i s f a c t o r y  
b o t h  wi th  r ega rd  to  cubic  and  to  t w o - p a r a m e t e r  la t t ices .  

S u m m a r y  

The  p a p e r  gives  some  genera l  re la t ions  concern ing  t he  
a c c u r a c y  func t ions  for  cubic  a n d  t w o - p a r a m e t e r  la t t ices .  
The  resu l t s  of t he  l a t t i c e - p a r a m e t e r  m e a s u r e m e n t s  
( ru then ium,  rhod ium)  w i t h  t he  a id  of the  ra t io  m e t h o d  

A C 13 -- 55 
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are interest ing because an accuracy greater than  1 par t  
in 10 a has been a t ta ined through a simple experimental  
technique,  whereby nei ther  extrapolat ion procedures nor 
corrections of values directly measured were applied. 
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Bei Gi t terkonstantenmessungen ist eine Korrektur  der 
gemessenen Glanzwinkel (gg erforderlieh, durch die die 
l~iehtungs~indertmg der ROntgenstrahlen an den Kristall- 
oberfliiehen und  die Ver~inderung der auf Vakuum be- 
zogenen Wellenl~nge im Kristal l inneren beriicksichtig~ 
wird. 

t v = 2 . d . s i n  (Og-AO) . (1) 

tv = Wellenl~nge im Vakuum;  
d = Netzebenenabs tand;  

Og = Glanzwinkel gemessen; 
A 0 = Breeh tmgs-Korrek tur .  

Diese Korrektur ,  der Kiirze halber Brechungskorrek- 
fur, B.K., genannt ,  kann  ffir Messungen an Einkris tal len 
streng abgeleitet  werden, wobei in erster l~ iherung die 
kinematisehe Theorie des Interferenzvorganges zum glei- 
ehen Ergebnis  fiihrt wie die dynamische Theorie. Ex- 
perimentel le  Untersuchungen ergaben wei tgehende Uber- 
e ins t immung mi t  der Erwar tung  (Li teraturangaben z.B. 
bei James  (1954)). 

Fiir  Pulverpr~iparate ist die B .K.  nicht  exakt  ableit- 
bar, da keine definierte Lagebeziehung zwischen den 
Oberfliichen der Pulverteflchen und dem Strahlengang 
besteht.  Gelegentlich wird die B .K.  des auf Einkristall-  
messungen bezogenen ' symmetr ischen Falles' auch auf 
Messungen an Pulverpr~paraten angewandt ,  Straumanis 
(1955). 

AO = 26/sin 20 ; n = 1 - ~ = Brechungsindex;  
6 = 4,47.10 -s. j~/a a. Z; (2) 

2 = Wellenl~inge in ~ ;  
a = E lemen ta rkan te  in A_; 
Z --Zah[ der Elek t ronen  pro Elementarze l le .  

F rohnmeyer  & Glocker (1953) haben aber darauf hin- 
gewiesen, dass diese Korrekturgleichung ftir Pulver- 
pr~parate eventuell  modifiziert  werden muss. ltlaeh Wil- 
son (1940) mngeh t  man  die Schwierigkeit der B .K.  bei 
Pulverpr~iparaten, indem man  an der dutch Extra-  
polat ion gewonnenen Gi t terkonstante  nur  die Ver~nde- 
rung der Wellenli~nge iron Kristal l inneren beriicksichtigt.  

Aa/a = 3 .  (3) 

Da es mi t  neueren Messmethoden (z.B. mi t  Guinier- 
Kammern)  m6glich ist, Pr~izisionsmessungen, bezogen 
auf eine Eichsubstanz,  schon im vorderen und  mi t t le ren  
Winkelbereich in (9 mi t  hoher  Genauigkeit  durchzufiih- 
ten, scheint es von Interesse, die B .K.  ftir Pulverprgpa- 
rate und  ihre Abh~ingigkeit yon 6) genauer zu diskutieren.  

Wegen der Unbes t immthe i t  yon Gestalt  und  Grbsse 
der Pulvertei lchen lassen sieh nur  Grenzf~lle unter-  
suchen, aus denen sich ableiten l~isst, welche Messunsieher- 
heir die B .K.  bei Gi t te rkons tantenmessungen verursacht.  

D sei ein Mass fiir die Grbsse der Pulvertei lchen und  
/~ der Absorptionskoeffizient der Substanz. Dann  sollen 
Teilchen als 'sehr gross' gelten, wenn D .~ 1//~ ist. In  
diesem Fall tr~gt nur  eine diinne Oberfl~chenschicht zur 
reflektierten In tens i t~ t  bei. Setzt man  zus~itzlich voraus, 
dass die Teilchen von ebenen Fliichen begrenzt  sind, 
dann kann  man  annehmen,  dass fiir einen einzelnen Inter-  
ferenzvorgang an einem Mosaikbereich der e in t re tenden 
und der reflektierte RSntgenstrahl  die gleiche 0berfl~iche 
schneider. Ffir ein idealisiertes Modell lautet  also die 
Frage, welche Abweichungen yore einfachen Bragg 'sehen 
Gesetzt t re ten  auf, wenn die Oberfl~iche eines unendl ich 
ausgedehnten,  unendl ich dicken Kristalles einen belie- 
bigen Winkel  mi t  dem Strahlengang bildet  und  im Mittel 
alle Orientierungen gleich wahrseheinlich sind? En t -  
sprechend Fig. 1 ist die Oberfl~chenorientierung durch 
die Winkel  a und ~ gekennzeichnet .  Das Snellius'sehe 
Breehungsgesetz ergibt ffir vorgegebene Winkel  a, ~, (9 
als 1. ltlaherung in ~ folgenden Ausdruck fiir die B .K.  : 

AO =½6 {cotg ( 0 - ~ )  +co tg  (0 +W))+O. tg  0; (4) 

Die Gleichung gilt n icht  ffir ext reme Oberflgehen- 
orientierungen ml t  [Wl nahezu = O, da die Entwick lung  
naeh ~ nur  solange erlaubt ist, als die Winkel  zwischen 
e in t re tendem oder ref lekt ier tem Strahl und  der Ober- 
flgehe grSsser sind als e = V ( 2 ~ ) = W i n k e l  der Totalre- 
flexion. U m  die Divergenz von G1. (4) ftir I~]-+ (9 zu 
vermeiden,  soll deshalb die LagemSglichkeit  der Ober- 
f lgehennormale 0 auf IWI --< ( 9 - 7  begrenzt  werden, wobei 
fiir ~ etwa e = ~/(2~) angenommen werden kann.  Das ist 
erlaubt, da nachfolgend begri indete Gewichtsfm~ktionen 


