
4 INTERFERENCE PHENOMENA WITH COMPTON SCATTERING 

Lonsdale (1947) ascribes the divergent-beam pattern 
to secondary extinction. The experiments seem to 
show that the Compton interference lines must also 
be due to secondary extinction. Diamonds showing the 
interference effect are probably perfect over very small 
regions. The interaction between the Compton radia- 
tion emitted from an atom and the surrounding atoms 
within a perfect region is thus small and probably 
without importance for the appearance of the inter- 
ference line. The fact that  perfect diamonds do not 
give interference diagrams is further evidence, that  
secondary extinction, and not the nature of the wave- 
field in a perfect crystal, is the cause of the inter- 
ference pattern. Since the crystal must be large enough 
for the secondary extinction to be effective, it is 
understandable why small diamonds do not show 
interference lines. 

When radiation is reflected in a certain direction 
from the lattice planes, the intensity of the incident 
beam is reduced. Reflection from the opposite side of 
the planes will in the same directions decrease and 
increase the intensity respectively. From energy con- 
siderations we would expect the sum of the excess and 
defect of intensity compared to the general background 
to be zero in the two directions. With [110] vertical 
and [111] in the direction of the incident beam, three 
of the (111) lines pass close to the undeviated beam. 
The value of 99 for Compton radiation in such a direc- 
tion is close to zero, and considerably smaller than for 
the Compton radiation reflected in the same direction 
by the lattice planes. As expected, the lines appear 
dark. The corresponding light lines in the background 
are also seen. 

Closing remarks  

It  has been shown that the interference pattern ob- 
served for diamond is due to Compton radiation 
emitted from the atoms within the crystal and re- 
flected from the lattice planes. The fine structure of 
the lines is explained by assuming secondary extinc- 
tion. Such interference diagrams may also be obtain- 
able with other mosaic-type crystals. Like diamond, 
they should have low absorption and certain strongly 
reflecting planes. 
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ment. My thanks are due to Prof. Ewa!d for suggest- 
ing the problem, for obtaining the necessary diamonds, 
through the courtesy of Dr Grenville-Wells, and for 
his advice during the investigation. My work in 
Brooklyn was made possible through a grant from the 
International Cooperation Administration, for which 
I want to express my gratitude. 
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The Utilization of Relationships between Sign Relationships 
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It  is shown that sign relationships are interrelated in such a way that the failure of one particular 
sign relationship may inevitably lead to the failure of a number of others. A method of utilizing 
these interrelationships is illustrated by the determination of signs for projections of the (known) 
structures of purpurogallin and a-glucose. 

For the application of direct methods of sign deter- 
mination it is often convenient to represent the un- 
known signs by alphabetical symbols. In this paper 
the nomenclature suggested by Woolfson (1957) will 
be followed, and two-dimensional reflexions (say of 
type hkO) are divided into four groups 

(a) h even k even; 
(b) hodd  kodd;  
(c) h odd k even; 
(d) h even k odd. 

The signs of the reflexions of group (a) are represented 
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b y  the  symbols  a 2, a 3, . . .  etc. a n d  s imi la r ly  for the  
o ther  groups,  each symbo l  being t a k e n  as e i ther  + 1 
or - 1. 

Cochran  & Douglas  (1955) found  i t  conven ien t  to  
express  sign re la t ionsh ips  as equa t ions  of the  form 

p q r  = s ,  

where  p, q and  r are the  signs of th ree  ref lexions a n d  
the  va lue  of s is e i ther  + 1 or - 1 ,  b u t  more p r o b a b l y  
+1 .  

The  signs of groups  (a), (b), (c) a n d  (d) can be inter-  
r e l a t ed  in five ways ,  b y  re la t ionsh ips  of t y p e  

a r a s a  t = 8 u , 

a r b s b  t = s v , 

arCsC t = 8 w , 

a , .dsdt  = S x ,  

b,c~d~ = s~,.  

I t  is somet imes  found  t h a t  the  re la t ionsh ips  fall  in to  
sets such as 

a r a s a  t = 8 2 , 

a r b s b  t -= 83 , 

f rom which  i t  can  be seen t h a t  

s~s3s3s 4 = + 1 . 

a s b s b  u = s 3 , 

a t b t b  u = 84 , 

(1) 

Such  re la t ionsh ips  be tween  the  symbols  s are, in 
fact ,  found  a n d  used in the  Cochran  & Douglas  me thod .  
F r o m  (1) i t  can  be seen t h a t  if one of the  sign re la t ion-  
ships fa i ls  t h e n  a t  least  one o ther  m u s t  also fai l ;  of 
the  four  va lues  of s e i ther  four, two or none  m u s t  be 
+ 1 .  

L e t  us now see how th i s  sor t  of r e la t ionsh ip  m a y  be 
ut i l ized.  As an  example  we shal l  t ake  the  h k O  projec- 
t ion  of pu rpu roga l l i n  (Duni tz ,  1952; Taylor ,  1952) 
for which  the  two-d imens iona l  space group is p g g .  The 
32 larges t  u n i t a r y  s t ruc tu re  factors  (those for which  
]U I > 0.25) are d iv ided  in to  four  groups  a n d  sign 
symbol s  are a l loca ted  as shown below:  

a2 = s(0, 4) 
a 3 = s(0, 16) 
a 3 = s ( O ,  24) 
a 4 = s(2, 20) 
a~ = s(6, 14) 
a 6 = s(6, 18) 
a~ = 8(8, 4) 
a s = s(8, 6) 
a 9 = s(8, 10) 
alo = s(lO, O) 
a21 = s(10, 8) 
a13 = s(4, 2) 

b 1 = s(3, 21) 
b 3 - s ( 7 ,  15) 
b 3 = s(9, 1) 
b 4 = s ( l l ,  11) 

c 2 = s(1, 12) 
c 3 = s(3, 8) 
c a = s(3, 20) 
c 4 = s(3, 24) 
c5 = s(5, 14) 
c6 = s(5, 18) 
c 7 = s(7, 6) 
c 8 = s ( 9 ,  4) 

d 2 = s(2, 11) 
d 3 = s ( 2 ,  21) 
d a = s(2, 23) 
d 4 = s(4, 3) 
d 5 = s ( 6 ,  7) 
d 6 = ~(8, 1) 
d~ = s(8, 3) 
d s = s(8, 7) 

The  sign re la t ionsh ips  i n t e r r e l a t i ng  these  ref lexions  
are : 

42422a22 = 82 --a~2ClCs = 825 

a l a s a  6 = s 3 a13c2c5 = s36 

a l a s a  9 -= 83 a12c2c 7 = 827 

a 3 a l l a 2 2  -= s 4 - a l d 6 d 7  = S3s 

a 2 a s a  9 = 85 a l d T d 8  = 829 

a446a22 ---- s 6 a 4 d J 4  = Sao 

4 4 a 5 a  s -= s 7 a s d l d 4  = s31 

a7a~3a~3 = s s - a s d ~ d 7  = s33 

a g b l b  4 = s 9 a s d 3 d s  = s83 

a2c3c 4 ~-- S2o - a s d 3 d 4  = 834 

a2c5c 6 = s~l  a6d3d7 = s35 

- a 2 c 5 c  2 - -  822 - a 6 d l d 8  = 836 
- a 3 c l c  2 = s13 - a T d ~ d 5  = 837 

- a 4 c 2 c  2 = s24 a 8 4 c l a  = Szs 

--44c5c 7 ~-- 815 - a ~ l d 2 d 7  = 839 
--46CLC7 = s2s -al~.do_d3 = s40 

- a 8 c 4 c  6 ~- s17 a2~.dad6 = s42 

- - a 8 c 3 c  5 ~- 828 - b 2 c 6 d  7 = 842 

--a8c3c 5 = s29 - b 2 c a d  s = 843 
- -asClC  7 = 820 - b 2 c 2 d  7 = 844 

- - a 9 v 4 c  5 ~ s22 - b 3 c s d  ~ = s45 

- - a 9 c 2 c  6 = 822 ~ b 3 c 2 d  5 = 846 

- a l o C 5 C  5 = 833 - b 4 c 6 d 5  = 847 

--al0v6v 6 --~ 824 b4c2d7 = 848 

The nega t ive  signs in these  equa t ions  arise owing to 
space-group considera t ions .  The a p p r o x i m a t e  t h e o r y  
of s ign re la t ionsh ips  (Cochran & Woolfson,  1955) 
app l ied  to the  d a t a  shows t h a t  on ly  two or th ree  of 
the  va lues  of s should  be - 1 .  Al lowing the  t h e o r y  a 
marg in  of error  we should  no t  expec t  more t h a n  four  
of the  sign re la t ionsh ips  to fail. I f  these  sign re la t ion-  
ships  are used to der ive signs by  the  usual  chain  process 
t h e n  the  ea r ly  accep tance  of a non-va l id  sign re la t ion-  
ship has  ca ta s t roph ic  effects on sign d e t e r m i n a t i o n  
f rom t h a t  po in t  on. 

:Now re la t ionsh ips  are sough t  be tween  the  values  
of s, a procedure  which,  a f te r  some pract ice ,  can be 
carr ied ou t  in a r ea sonab ly  sy s t ema t i c  way.  A non-  
exhaus t i ve  select ion of such re la t ionsh ips  is g iven 
below: 

s27slgs31s33 = +1  (2) 

810811819822 -- +1  (3) 

83811819822 = + l  (4) 

83820818821 = +1  (5) 

S6S24S16S27 = +1  (6) 

S6SlSS26S36 = +1  (7) 

S3S29S~2S36 = +1  (8) 

S2S29S33S35 = +1  (9) 

s6s3os34s4o = +1  (1O) 

s33s33s35s36 = +1  (11) 

s31s33s34s36 = + 1 ( 1 2 )  

831832834835 = + l (13) 

s l l s lgs42843 = + 1 (14) 

s25s~gs44s45 = +1  (15) 

s9s22s42S4s = + 1 (16) 

s~4s15slgSeo = ÷1  (17) 

s24slss26s2v = ÷ 1 (18) 

s29S2oS26S27 = + 1 (19) 

s2s22832s35s43s43 = + 1 (20) 

s3s29s22s39s4~s43 = +1  (21) 
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Many  more such relationships m a y  be found, par- 
t icular ly ones involving more than  four values of s. 
Some of those listed above are interdependent :  for 
example  (19) m a y  be inferred from (17) and (18). 

Examina t ion  of this list of relationships shows tha t  
six of them, (2), (4), (14), (17), (19)and  (21), involve 
s19. These are wri t ten out in the following way:  

s19s2~ SITS91 = + 1 (2) 

s19s22sll s3 = + 1 (4) 

819 8 1 1 8 4 2 8 4 3  = + 1 (14) 

s19 s20s14s15 = + 1 (17) 

s19 s20s26s27 --- + 1 (19) 

819822 842843 829835 = +1 (21) 

A s tudy of these equations shows tha t  if s19 equals 
- 1  then  at least four other s's must  equal - 1 ,  for 
example  s21 , s3, s43 and s~ 0. The failure of these m a y  
lead to other failures and so on. Thus if the sign 
relat ionship corresponding to s19 fails then at least 
five relationships of the set sl-s4s must  fail. This is 
greater t han  the total  number  of failures expected 
and it is therefore almost certain tha t  s19 equals + 1. 
Since so few sign relationships are expected to fail in 
this case, it might  be expected tha t  any  sign relation- 
ship will hold if its failure will lead to three or more 
failures in all. By this  method of examinat ion several 
of the sign relationships are found which are almost 
certain to hold. 0 n l y  these are accepted in a chain 
process of sign determinat ion;  any  others are used 
only to f ind single signs which are not in their  turn  
used to f ind other signs. In  this way the failure of one 
of the less certain sign relationships will not propagate 
itself into a large number  of incorrect sign determina- 
tions. 

For purpurogall in this process enabled enough sign 
relationships to be established as ' inviolable '  to f ind 
eight possible sets of signs for 27 of the original 32 
reflexions. Of these solutions one had only two in- 
correct signs, d 3 and al0. The incorrect sign determina- 
t ion for d 3 was due to the failures of s30 and s40, which 
occur in relat ionship (10). However, since s~0 and s40 
each require only one other failure (each other in this 
case) these relationships were not used as par t  of the 
chain process of sign determination.  The other in- 
correct sign, tha t  for the axial  reflexion al0 , was 
indicated as negative from S23 and s2~. 

This process has also been tested u~ith the da ta  for 
the h/c0 projection of s-glucose (McDonald & Beevers, 
1952). An interesting case arises here involving the  
signs 

a 3 ---- s(6, 10) c 2 -- s(3, 12) 
a s = s(12, 4) c 6 = s(9, 8) 
b 2 -- s(3, 11) d~ = s(6, 9) 
c 1 = s(3, 2) d 3 --- s(6, 13) 

These give rise to the following sign relat ionships:  

b2Cld 3 = 812 -a8c2c ~ -~ 821 
- -a3c lC 6 = 816 - a 3 c l c  2 = 822 
-bgcld2 : S2o -asd2d3 = s93 

from which it is found tha t  

8 1 2 8 1 6 8 2 0 8 2 1 8 2 2 8 2 3  = ~ 1  . 

This means  tha t  at  least one of the six sign relation- 
ships must  fail. I t  m a y  also be found tha t  s12 , s16 and 
s23 are almost certaily equal to + l ,  which indicates 
tha t  the failure must  be one of the sign relat ionships 
corresponding to s20, s21 or s22. These three sign rela- 
t ionships are therefore avoided in the process of sign 
development.  

In  conclusion it must  be pointed out tha t  the ex- 
aminat ion of relationships between sign relat ionships 
can be of use only in those cases, such as purpurogall in 
and s-glucose, where sign relationships hold with high 
probabil i ty.  When  sign relationships are expected to 
break down more often it is less likely tha t  the fai lure 
of any  one sign relationship will lead to so m a n v  
other failures tha t  definite conclusions m a y  be drau7~. 

I must  express m y  grat i tude to Professor H. Lipson 
and Dr C. A. Taylor, who suggested purpurogall in as 
a suitable test structure and provided the necessary 
data.  
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