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epiped and for the  other  of which the uni t  cell is an acute 
parallelepiped. 

I n  the  former case the  translations a 0, b o and  c o of 
the  uni t  cell are the  shortest  possible. In  the  lat ter  case, 
the  translations a 0, b o and c o are not  necessarily the shortest  
possible, but  they  will usually be so, and  the interaxial  
angles will usually be not  great ly different from 90 ° . 
Moreover, they  have a unique definit ion and  are automat-  
ically derived by  the  applicat ion of the  Delaunay reduc- 
t ion in reciprocal space. 

The application of the  above rules thus avoids the  in- 
convenient  values of latt ice parameters  obtained in 
m a n y  cases when  the  Delaunay reduct ion is carried out 
in one (direct or reciprocal) space only. 

T h e  writer wishes to thank  Prof. E. G. Cox, H . M .  
Hayward  and especially Dr J .  H. Rober tson for their  
criticism and assistance in the  preparat ion of this paper. 
He  also wishes to t hank  Prof. J.  D. H. Donnay  for his 
comments ,  and Prof. M. J.  Buerger for comments  and 
for le t t ing him see the  proofs of his for thcoming book, 
in which the  possibility of dividing all triclinic crystals 
into two types  depending on the interaxial  angles is 
discussed in detail. 
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The Laue goniometer  has long been used for the  s tudy of 
symmet ry  and  lat t ice distortion, principally by metal-  
lurgists. Exac t  analysis is rendered difficult because two 
variables (wavelength and  lattice spacing) are associated 
wi th  each diffraction spot, and  est imates of unit-cell size 
are generally only approximate.  If  the  diffracted image 
were to be invest igated by a proport ional  counter  and 
mul t ichannel  pulse-height analyser then  direct knowl- 
edge of the  wavelengths and  relative intensities associated 
wi th  each spot could be obtained.  

As the  rate of arrival of X-ray  quanta  is governed by 
the  Poisson distribution, and  the  effective in tegrated 
intensi ty  (N) is a differential count between background 
(B) and 2/~-B, then  the  variance associated wi th  a count 
2/ is 2/-~2B. 

The coefficient of variat ion is { 100 V(N ~- 2B) }/2/, and 
if N is greater  t han  B (as is usual except for very  weak 
spots) we must  have 2/ > 104 if this coefficient is to be 
less than  1%. 

C0chran (1950) reports a standard deviation of only 
1-2% in Ihkz values for Geiger-counter measurements ,  
cgmpared wi th  12-18% for photographic recording. 

Channel-selection considerations l imit  the  m a x i m u m  
rate of arrival of quanta  to 1600 per see. (Hutchinson & 
Scarrott, 1951), which means tha t  an intensi ty measure- 
m e n t  wi th  a coefficient of variat ion of 1% may  be ob- 
ta ined  in about  6 see. 

The pulse-height  variance (ap) ~ for mono-energetic 
radiat ion absorbed in an argon-filled proport ional  counter 
can be expressed (Curran, Angus & Cockroft, 1949) by 

~ =  ~(~+~)/N, 

in revised form 30 January 1956) 

where 

---- mean  pulse height,  
N = E/Wk = number  of ion pairs initially produced,  
E ---- energy of incident quanta,  
Wk ---- energy required to produce one ion pair = 27 

e.V. for argon (Valentine, 1952), 
= ~  =-~. 

Thus in the  region of ~t ----- 1 /~, E ---- 12340 e.V. and  the  
coefficient of variat ion is 5.35%. 

Lang (1952) assumes a Gaussian pulse-height  distribu- 
t ion so t ha t  the  s tandard error of the  mean,  expressed 
as a percentage of the  mean,  is 

ll5/V(2/N). 

Thus if 2 = 1 /k, and 2/ ---- 104 the s tandard error of the  
mean  is 0.05 %. 

The performance is l imited by the  stabil i ty of the  grid 
potential in the amplitude analyser, which restricts the 
number  of available channels to 120 and the  m a x i m u m  
counting rate to 1600 counts per see. (Titterton, 1953). 

The preceding shows tha t  a typical measurement  of 
intensi ty  and wavelength  could be made  in less t han  10 
sec. wi th  the  following degrees of accuracy: 

In tens i ty :  coefficient of variat ion 1% ; 
Wavelength :  s tandard error 0.05% (expressed as a 

percentage fraction of the  mean).  

Fur thermore,  the harmonic  content  of the  radiat ion 
may  also be quant i ta t ive ly  measured if the  pulse-height 



S H O R T  C O M M U N I C A T I O N S  321 

analyser channel range coincides with the  useful range of 
white  radiation.  

The success of the technique depends on the  l inear i ty  
of response to quanta  of different energies which the  
proport ional  counter  main  gas const i tuent  possesses. 
Curran et al. (1949) have shown tha t  for argon up to an 
energy of 40 keY. l ineari ty is preserved to wi th in  

0.01%. The wavelength  distr ibution of white  radiat ion 
and  absorption characteristics of the  counter  mus t  be 
accurately known and maintained,  the  former demanding  
good X-ray  tube stabil i ty such as is achieved in the  
system developed by Stone (1955); this mainta ins  ou tpu t  
constant  to within 0.3 % over long intervals, which is 
adequate  for the  purpose in view. 

The lattice parameter  a for cubic crystals may  be found 
from a set of functions of the  form 

a ~ -- 
m 1 2 s i n 0  ' 

where m is the number  of observations. 
The error (aa) associated wi th  a has two main  compo- 

nents  due to wavelength  and angular imprecision; thus  

~a = ~ + 4 .  

Edmunds ,  Lipson & Steeple (1955) show tha t  ao ~ a~, 
so tha t  aa ~ (T~. 

If  we have m Laue diffraction spots indexed, then  the  
s tandard  error of a, expressed as a percentage of the  
mean,  is 

100 aa 100 a~ 0.05 
= 0 . 0 0 5 % ,  for m =  100. Vma Vm 

Thus in a part icular  case a could be computed  accurately 
to 1 par t  in 10 a, roughly an order of magni tude  worse 
than  in a precision analysis. We could then  proceed wi th  
a s tructure analysis and refinement,  which in m a n y  
instances would provide da ta  from more complicated sets 
of planes which are ext remely  sensitive to small shifts in 
atomic parameters.  

Mention might  also be made  of the  possible use of this 
technique in elucidating the  spurious pole figure max ima  
which occur in or ientat ion studies in metals  (Geisler, 
1954). I t  is felt t ha t  such procedures will be of consider- 
able use to metallurgical  crystallographers. 

My thanks  are due to the  In terna t ional  Wool Secretariat 
for a Research Fellowship, during the tenure of which 
this work was under taken,  and  to Dr J .  Sikorski and  Mr 
H. J.  Woods for s t imulat ing discussion. 
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The construction of most  commercial ly available Weis- 
senberg apparatus  is unfor tunate ly  such tha t  the  reflec- 
t ions wi th  low 0 values obta ined from crystals wi th  
very short  reciprocal spacings are intercepted by the  
beam stop, and cannot  be measured.  There exist round- 
about  ways to remedy  this situation, e.g. addit ional  
oscillation photographs,  subst i tut ion of Fc for Fo in later 
stages of refinement,  and, of course, the  use radiat ion of 
longer wavelength.  A more practical procedure would 
appear to be the following: 

A si tuation is created where the  circle of reflection is 
smaller and the  Weissenberg spots are therefore recorded 
more spread out  on the  film. This may  be achieved by 
skewing the  camera so tha t  the  zero layer is photo-  
graphed at  non-orthogonal  incidence of the  X-ray beam. 

* Present address: Gates and Crellin Laboratories, Califor- 
nia Institute of Technology, Pasadena, California, U.S.A. 

in revised form 16 January 1956) 

The degree of non-or thogonal i ty  (i.e. the  angle /~) will 
be d ic ta ted  by  the  reduct ion of the  circle of reflection 
tha t  one wishes to achieve. The angle p can therefore be 
chosen at  will, wi thin  the  limits of the  ins t rument .  

The me thod  is here applied to zero layers, since it is 
on such layers tha t  reflections wi th  lowest 0 values 
generally occur. 

In  practice the  procedure adopted  is simply this :  The 
camera is skewed to the  desired angle p, and  the  layer- 
line screen is aligned to bracket  the  direct beam in this 
chosen general inclination posit ion;  this will record the  
zero layer, and  it can be shown tha t  the  reflections will 
appear  on the  film in expanded  positions as though a 
wavelength  2/cos/~ had  been used. This ' long wavelength  
effect' is thus  achieved wi thout  change of the  target.  
On most  modern  Weissenberg cameras a t  40 ° non- 
or thogonal i ty  can be obtained,  i.e. an en largement  factor 
of about  1.3. 


