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domain  the  average contr ibut ion will be Js, as before, 
bu t  for the layer  on the extreme r ight  of each domain F 
a n d  F*  belong to adjacent domains, and the average 
contr ibut ion will be 

Ja = (F 'F*)  , (6) 

where the prime indicates t h a t  F and F '  are the values 
of the  s t ructure  factors of adjacent  domains. If  the to ta l  
number  of layers is N and the number  of domain bound- 
aries is K, 

J(1) = N - I [ ( N - - K ) J s + K J a ] ,  (7) 

it  being assumed tha t  N and K are so large t ha t  end 
effects can be neglected. On rearranging and pu t t ing  
K / N  = ~t, this  becomes 

J(1) = Js--2(Js--Ja).  (8) 

For  t = 2 the average contr ibut ion of each layer  to 
J(t) will be Js for the N - - 2 K  layers (approximately;  
the  approximat ion  consists in neglecting single-layer 
domains) for which F and F*  belong to the same domain, 
and  Ja for the 2K layers (approximately) for which they  
belong to adjacent  domains. The value of J(t) is thus  

J(2) ~-- N-~[(N--2K)Js+2KJa] = Js-2).(J~--Ja) , (9) 

and,  in general, for small t, 

J(t) ,~ Js-- t~(Js-Ja)  • (10) 

Now Js is positive, from its definition. Ja is ordinari ly 
nega t ive - - in  a simple case (Wilson, 1949, p. 49) it is 

equal to --Js - - b u t  i t  cannot  be greater  in absolute 
value than  Js. For small t, therefore, J(t) must  decrease 
l inearly wi th  It[, and thus  has a cusp a t  the  origin, like 
the Laplacian form, whatever  the dis tr ibut ion funct ion 
p(e). A similar a rgument  for a cusp a t  the  origin of J(t) 
was given by  MacGil lavry & Strijk. The observed rounded 
origin mus t  therefore be a t t r ibu ted  either to a defect in 
the model of ordered domains separated by  boundaries,  
or to experimental  errors. One of the la t ter  not  explici t ly  
discussed by  Steeple & Edmunds  (1956) is the  es t imat ion 
of the background level. 
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Analysis of the reflexions of X-rays  from beryll ium has 
shown tha t  the crys ta l  has the hexagonal  close-packed 
latt ice wi th  c ---- 3.58 /~ and a ---- 2.29 A (Gordon, 1949). 
Measurements of the energies of Bragg-reflected neutrons  
from a single bery l lk~n  crystal,  used as monochromator  
on a neut ron spectrometer  (Pa t tenden  & Baston,  1957), 
have shown appreciable intensit ies of low-energy neu- 
trons which would not  be expected if the crystal  has the 
above structure.  There appear  to be first-order reflexions 
from (0001) and  (1121) planes, members of a class of 
planes which should have a zero atomic struct~rre factor. 
Quant i ta t ive  agreement  between three different crystals  
suggested t h a t  the  phenomenon might  be a general 
proper ty  of beryl l ium crystals. 

In  order to verify t ha t  the effect was genuine, the fol- 
lowing decisive exper iment  was performed. 

A beryl l ium crystal ,  1~ in. × 1~ in. × ~ in., was placed 
in a beryll ium-fi l tered cold neut ron beam containing a 
negligible number  of neutrons  wi th  wavelengths shorter 
t h a n  3 .95/~  (Egelstaff & Pease, 1954; But te rwor th  et al., 
1957). Any  Bragg reflexion, if observed, could be due to 
only the (0001) planes. :Neutrons scat tered through an 
angle of 73 ° from the beam were counted, corresponding 
to wavelengths  of 4.26 ~ for (0001) and 2.13 .£~ for (0002) 

Bragg reflexions. The arrangement  is shown in Fig. 1. 
The results of a rocking-curve measurement  are p lo t ted  
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Fig. 1. Experimental arrangement. 

in Fig. 2, and show an (elastically) scattered peak super- 
imposed on a background of (inelastically) scattered 
neutrons.  This interpretat ion was confirmed by placing a 
polycrystal l ine beryl l ium block in front of the detector.  
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:Fig. 2. Rocking curve for Be crystal. Counter at 73 ° from 
the neutron beam. The plotted points are for the cold 
neutron beam, and the curve is the (0002) Bragg reflexion 
at 2.13 /k (normalized to this ordinate scale). 

The count rate of the peak was attenuated to 50% of 
its previous value, showing that it consisted of neutrons 
with wavelengths greater than 4 ~; the background 
count rate decreased to 3 %, as expected if it consisted of 
(accelerated) inelastically scattered neutrons. 

The 4 /~ peak occurred at the same angle and, after 
subtraction of the background, had the same shape and 
position as a Bragg reflexion from the (0002) planes. 
The rocking curve for the latter reflexion was made with 
the beryllium filter removed from the incident beam. 

When the crystal temperature was raised to 300 ° C., 
the measured peak counting rate was 0.96±0"20 relative 
to the rate at room temperature. The inelastic scattering 
increased fourfold, which is in accordance with the 
variation of the inelastic cross-section with temperature. 
The room-temperature differential cross-section for in- 
elastic scattering has been calculated to be 27 milli- 
barns/steradian at an angle of 73 ° (Egelstaff, 1953), so 
that the elastic scattering cross-section can be deduced 
from the observed ratio of counting rates for elastic and 
inelastic scattering. Because of uncertainties in the 
absolute value of the calculated inelastic cross-section, 
in the spectral distributions of the incident and scattered 
neutrons, and in the counter efficiency, we consider that 
the estimated cross-se~tion may be in error by up to a 
factor five. With this limitation, the cross-section for 
Bragg scattering at 4.26 ~ is 0-6 millibarns. 

There are a variety of possible explanations for the 
original and the present observations. We list six below: 

(a) The occurrence of mult iple Bragg reflexions. 
(b) Reflexions occur from impurities, such as BeO, in the 

crystal. 

(c) The structure of Be is not  t ruly hexagonal close 
packed. 

(d) Beryl l ium is antiferromagnetic .  
(e) There is nuclear a l ignment  and nuclear antiferro- 

magnet ism.  
(f) Quasi-elastic peaks occur in the angular distr ibution 

of inelastically scattered neutrons.  

Explanat ions  (d), (e) and (f) are valid only for neutrons.  
I tems (a) and (b) have been ruled out on the  basis of a 
s tudy of the energies and positions of various Bragg 
reflexions (of neutrons) by beryll ium (Hay & Pa t tenden ,  
1958); (a) is also ruled out by the present work. I t ems  
(d), (e) and (f) are improbable on theoretical  grounds. 
In  particular, the observed tempera ture  independence 
is probably inconsistent  with (f). 

If possibility (c) is correct, then  the additional reflexions 
should be seen by X-rays as well as neutrons.  No ment ion  
of them is made  in the l i terature,  a l though X-ray re- 
flexions which cannot  be indexed have been reported 
(e.g. Sidhu & Henry  (1950), and references by Gordon 
(1949), Seybolt, Lukesh & White  (1951)). To investigate 
this point  further, a search for a (0001) reflexion was 
made on the same crystal, using Me K X-radiat ion 
(;t = 0.7 A), but  it failed to detect  any reflexion having  
an intensi ty above the background scattering recorded 
on the X-ray film. This implies that ,  if the reflexion 
were present, it was considerably less than  1% of the 
observed (0002) reflexion. The absence of an X-ray re- 
flexion would rule out (b) and (c), and possibly (a), and 
make  (d), (e) or (f) probable. 

We conclude tha t  the observed phenomenon was 
coherent Bragg scattering of neutrons from the (0001) 
planes in beryllium, and tha t  the explanat ion is obscure. 
We suggested tha t  more information could profitably be 
obtained by further  experimental  work in two directions: 
(i) a more careful X-ray s tudy;  (ii) higher-energy neutron 
work, using time-of-flight methods.  A deeper theoretical 
investigation of the ' improbable '  explanat ions would be 
worthwhile.  
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