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The use of positive-definite determinants  of Fourier 
coefficients (Herglotz, 1911) for the phase determinat ion 
has been extensively discussed by Karle & H a u p t m a n  
(1950). Under  a modified form of the  Herglotz theorem, 
Pepinsky & MacGfllavry (1951) have shown tha t  the  
effectiveness of inequalities following from a known 
m a x i m u m  value of the  electron densi ty is of little value. 
However,  if we know the electron-density distr ibution 
in parts  of the  uni t  cell, useful relations may  be obtained 
from the Herglotz theorem. For example, if the  space 
group has a mirror plane at z ~- ¼ and ~, and if no a tom 
is on the  mirror plane, then  the m a x i m u m  possible value 
Q of the  electron densi ty Q(x, y, ¼ or ~) may  be small 
enough such tha t  

IQV-F(ooo)l < F(ooo), (1) 

where V is volume of the  uni t  cell. F rom the positive- 
definite de te rminan t  of order two, we have 

tQV-F(000)I _> 2." ( -  1)'F(hkl), (2) 
l = 2 n  

for any  h and  k combination,  n taking all positive and 
negat ive integral values. F rom the de terminant  of order 
three,  we have 

{ .~, (-- 1)nF(hkl)] ~ ½.~,F (2ht2kr21) 

Q V - F ( O 0 0 )  J - ½ + Q V - F ( O 0 0 )  ' (3) 

for a centrosymmetr ic  structure. For  example,  
. ~  (--1)nF(2r4tl) and ~ F ( 4 r 8 t 2 l  ) may  be compared 

i----2n l 
using (3). As seen from (3), other  inequalities can be 
easily obtained from determinants  of higher order by 
the  me thod  described by Karle & H a u p t m a n  (1950); 
namely,  in their  inequalities, replace F(000) by 
[QV--F(000)I and  F(000) and F(hkl) by the  summat ion  
form. These modif ied inequalities are effective for the  
phase determination in eases where some of the phases 
of F(hkl) are known by other methods  or only a few 
relat ively strong reflections are observed in a reciprocal 
zone. If  no chemical bonding occurs across the  mirror 
plane, QV--F(O00) may be small enough to make  the  
inequalities more effective. This me thod  may  be combined 
wi th  the  one discussed by Toscho (1953). 
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I t  is also possible to derive a set of inequalities from a 
known min imum or max imum value of the  curvature of 
the  Fourier peaks in the  uni t  cell. But  it is found tha t  
these inequalities would not  be of great  help in phase 
determinat ion except in very special cases. However,  the  
following may  be worth while to note here. 

The curvature with respect to the  x axis in an orthog- 
onal system is 

aS 02Q(x, y, z) 1 
4~*h~F(hkl) 

&x ~ V "~ 

If the  tempera ture  factor is known, the  min imum possible 
value of the  curvature may  be es t imated (Atoji, 1957), 
namely,  it is possible to find a positive value 2?. so tha t  

la~O~g(x, y, z)/~x21 < R . (5) 

The positive-definite de terminant  of order two for (4) 
gives 

VR/4~2h ~ >__ [F(hkl)l . (6) 

Then, we may  correlate the min imum possible value of 
R and the  m a x i m u m  possible value of F(hld). The other  
inequalities based on (5) are, in almost any case, very 
insensitive to the phase of the  structure factor. However,  
if m a n y  like atoms are overlapped in projection so as to 
reduce R considerably, then  these inequalities may  be of 
value in phase determinat ion.  A similar discussion of 
equat ions (1)-(3) can also be ex tended to the  curvature,  
provided tha t  R in a plane or region of the  electron- 
densi ty map is known to be very small. 
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