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One of the most  impor tan t  tasks  to be solved in crystal-  
lography is to obtain a me thod  which can furnish the  
phase factor of the s t ructure  ampli tude.  In  this  short  
note  i t  will be shown, b y  apply ing  the result  of the 
preceding paper  (Kambe & Miyake,  1954; which will be 
referred to as Pa r t  I), t h a t  the  relat ive phase angle of the 
s t ruc ture  ampl i tudes  for the  lat t ice planes h(hlh~ha) and  

' 'h' ' h (hx ~h~) m a y  be obta ined from the observat ion of the 
s imultaneous reflexion b y  these planes. 

Le t  a plane wave wi th  wave number  vector  K be 
incident  on the  upper  surface of a parallel  crystal  slab 
inf ini te ly  wide and  of finite thickness.  For  simplici ty,  
we assume t h a t  the  planes h and  h' have an  equal spacing 
and  thei r  normals  are oriented symmetr ica l ly  wi th  
respect to the  plane of incidence so t h a t  K, in reciprocal 
space, is considered to be contained a lways in the 
c-plane (as defined in P a r t  I) for e = 1. The Bragg 
reflexions h and 'h '  m a y  then  appear  s imul taneously  for a 
certain glancing angle of K to the surface. 

The wave points  to be used in the solution of the 
diffraction problems are obta ined  as the  points  of 
intersection of the dispersion surface and  a line which is 
perpendicular  to the incident  surface and  lies a t  a distance 
from the reciprocal origin equal to the tangent ia l  compo- 
nen t  of K. This line, which will be called the v-normal 
hereafter,  is contained,  in the present  problem, in the 
c-plane (c = 1), and  moves in it  when  the direction of K 
is changed. 

The form of the cross-section of the dispersion surface 
in the present  case is similar to t h a t  given by  Fig. 1 in 
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Fig. 1. The ordinate indicates ih/i o or ih,/io, where i0, ih, and 

ih" are the intensities of the incident wave and the reflexions 
h and h' respectively. 

P a r t  I ,  bu t  i t  should be noticed tha t ,  this  time, the lines 
Sh and  Sh, coalesce into a single line. Now, let  us consider 
the case in which Va'-h is much  larger t han  IV hi and  J Vh'l. 
The centres A+ and A_ are then sufficiently separated 
from each other,  and  the approx imat ion  of cross-section 
of the dispersion surface by  the hyperbolae  for the regions 
near  A+ and  A_ becomes fair ly accurate ;  the distances 
between the vertices for the hyperbolae  around A+ and 
A_ are proport ional  to IV h+ Vh,] and  IV a -  Va,] respec- 
t ively,  u+ and  u_, represent ing the  ampl i tudes  of the 
~+ and  ~_ wave respectively,  are calculated for every 
wave point  from (9) of P a r t  I ,  and  we can see readi ly 
tha t ,  when  the wave point  lies near  A+, then  u+ >> u_ 
in the present  condition, so t h a t  the  ~_-wave is negligible 
compared wi th  the ~+-wave. W h e n  the wave point  lies 

near  A_, the relat ion is reversed. In  ei ther  case luhl -- [uh,[, 
as seen from (I0) of P a r t  I. For  other wave points,  ~0 is 
the  only wave having  an appreciable ampli tude.  

The intensi t ies  of the h and  h' reflexions can be 
calculated b y  using (10) of P a r t  I and  the  given boundary  
condition. The result  of the calculation reveals the  fact  
t h a t  wi th  the  change of the glancing angle of the  incident  
wave the intensi t ies  v a r y  in the same way  for bo th  
reflexions, and  have  two peaks,  each corresponding to 
the condit ion t h a t  the  v-normal passes A+ or A_. The 
in tegra ted  intensi t ies  for these two peaks, 1+ and  1_ 
respectively,  are proport ional  to the distances between 
the vertices of the corresponding hyperbolae,  namely  to 
I Vh + Vh'[ and IV h-- Va,[ respectively.  When  the in tens i ty  
expressed as the funct ion of the glancing angle O of the  
incident  wave with respect to the h (or h') plane, the  
A+-peak appears  a lways a t  a smaller O than  the A_-peak.  
Fig. 1 shows schemat ical ly  the in tens i ty  var ia t ion  of the  
h (or h') reflexion for the  condit ion where the reflexions 
h and  h' appear  behind the crystal,  t h a t  is, the  Laue 
case; the  rapid oscillation of the in tens i ty  (Pendell6sung) 
is s m o o t h e d  out. 

The above result  gives the informat ion of the  relat ive 
phase of Vh and  Vh,. For  example,  when  bo th  the  Four ier  
coefficients are known to be real, as for cent rosymmetr ica l  
crystals,  their  relat ive signs can be determined a t  once in 
the following way :  I f  the  area of the peak a t  the  smaller 
O is larger t h a n  the other  (namely I+  > I_),  then  the  
signs of Va and  Vh, are the same;  if contrary ,  t h e y  are 
opposite. W h e n  Va and  Vh, are complex, pu t  Vh ----- IV a] 
exp {i(~a} and  ]Va,] = [Vh'l exp {i~h'}, then,  since 

2 2 1+-1_  41Vh[[Vh'l cos (Oh--Oh') 
I~_+I ~_ IVhl 2 17.,,  2 ' 

the  relat ive phase angle 16n--On, I can be un ique ly  determ- 
ined when the rat io  of I Vnl and  I Va'] is known;  this  ra t io  
m a y  be obta ined by  observing the ord inary  single reflex- 
ions b y  these la t t ice  planes. 

When  Vh'-a is of comparable  order of magni tude  to 
I Val and  i Vh'I, i t  is to be expected t h a t  the  two peaks  
corresponding to A+ and  A_ overlap wi th  a cer tain phase  
relation, and, besides, the  in tens i ty  dis t r ibut ions  for the  
h and  h' reflexions will not  be equal  in general.  For  all 
tha t ,  this  case m a y  also, in principle, furnish the informa- 
t ion of the  relat ive phase because the in tens i ty  distribu- 
t ion depends in general  only upon Vh'-h, IV hi, IV h,[ and  

We have  assumed so far equal spacing and  symmetr ica l  
or ienta t ion of the  h and h'  planes, bu t  a similar t r e a t m e n t  
to t h a t  above is possible even when these restr ict ions axe 
removed, provided t h a t  the  c-planes are perpendicular  to 
the crystal  surface. In  principle then,  the  relat ive phase  
angles for all pairs of la t t ice planes can be determined 
for the  purpose of crys ta l -s t ructure  analysis.  The same 
conclusion holds in the case of X- r ay  diffraction. 
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