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3.0 era.) using a 1-0 ram. collimator. Here the pa t t e rn  
is ra ther  irregular, and  does not  show very  obvious 
association of the central  beam pa t te rn  with strong Laue 
spots. This d iamond is one which shows the anomalous 
X-ray  reflexions (Lonsdale, 1942) very strongly, but  a 
central-beam pa t te rn  is also observed for diamonds 
which do not  do so. 

Fig. 4, however, which was obtained with a brown 
diamond from Premier Mine, South Africa (British 
Museum (Natural History);  1910, no. 227) shows a 
marked  correlation between the Laue pa t t e rn  and  the 
central .beam pat tern .  Presumably in this position the 
strong Laue spots really do correspond to the most  
s trongly reflecting planes. 

I t  should perhaps be ment ioned tha t  this pa t t e rn  is 
not  due in any  way to the beam-trap itself. For  precisely 
the same experimental  arrangement,  the  pa t t e rn  is quite 
different for different diamonds, and alters for the same 
diamond when ~he orientat ion is altered. I t  remains the 
same, however, for the same diamond in the same set t ing 
wi th  a different beam.t rap.  

For  the diamond plate used in Fig. 3, a slight improve- 
men t  in the clari ty of the  pa t t e rn  resulted when the 
radiat ion was filtered with nickel foil, which suggests 

t h a t  the  pa t t e rn  is due to the characteristic Cu K~  
radiation,  whereas on a Laue photograph multiple re- 
flexion would result  for any  wavelength actual ly pro- 
ducing a Laue spot (though of course filtering also reduces 
the continuous radia t ion to some extent) .  This question 
might  be cleared up by  taking comparat ive photographs 
with the crystal  in the Bragg position and a few degrees 
away from it, or by  using the same sett ing and different 
radiations.  Fur ther  experiments with monochromat ic  
radiat ion are also required, but  it  is not  possible for the 
author  to continue this work, and those prel iminary 
results are therefore placed on record. 

I am indebted to the Brit ish Museum (Natural  
History),  Mr B. W. Anderson and Mr P. Grodzinski for 
the loan of diamonds used in this investigation. I t  is a 
pleasure to t h a n k  Prof. Kath leen  Lonsdale, F.R.S.,  for 
the interest  she has t aken  in this work, and  for helpful 
discussions. 

References 

B~AG(~, W. H. (1914). Nature, Lend., 43, 31. 
GR~Nv~J~.~.-W~.~S, H. J .  (1951). Thesis, London.  
LONSDAT.~., K. (1942). Prec. Roy. Soc. A, 179, 315. 
LO~SD~T,E, K. (1947). Philos. Trans. A, 240, 219. 

Acta Cryst. (1952). 5, 147 

A method of deriving crystal geometry from random rotation photographs. By H. J. G ~ , ~ - W ~ , ~ s ,  
University College, London W.C. 1, England 

(Received 16 July 1951) 

I n  the course of investigations of the na ture  of crystalline 
inclusions in d iamond (where it  is often difficult to obtain 
ro ta t ion  photographs of the inclusion orientated with 
a prominent  zone axis as ro ta t ion axis) an  a t t emp t  was 
made to interpret  ro ta t ion  photographs of a crystal  in 
a r andom orientat ion by  a method  analogous to the  
general solution of powder photographs from crystals of 
any  symmet ry  applied by  I re  (1949). 

The values of 1]dghk~ for all the reflecting planes in the 
crystal  can be obtained from random rota t ion  photo- 
graphs just  as they  can be found from a powder photo- 
graph. The refiexions can in general be indexed in terms 
of an  arb i t ra ry  uni t  cell defined by  the three planes of 
largest spacing. I f  these are unsuitable for some reason, 
such as t ha t  they  are all orders of the same reflexion, or 
t ha t  all thr~e planes lie in the same zone, then  combina- 
t ions involving the nex t  one or two planes will be 
necessary. The uni t  cell obtained in this way will not,  
however, necessarily exhibit  the symmet ry  of the Bravais 
latt ice of the crystal, and the problem is now to discover 
what  t ha t  symmet ry  really is. This can be done graphi- 
cally from the arb i t rary  cell, bu t  can also be done 
in terms of an  elegant reduction process devised by  
Delaunay (1933)--quite mechanical ly by  means of a 
te t rahedra l  diagram (a paper on this subject is in the 
course of preparation).  

I f  a single crystal  of the substance, and not  merely 
a powder, is available, a very powerful modification of 
this method can be employed by  making use of multi-  
plicities. When a ro ta t ion  photograph is t aken  of a single 
crystal  in a random orientation,  each spot will in general 

be produced by  reflexion from one side of one set of 
planes, and  thus the number  of spots on any  Debye ring 
of constant  0 will be equal to  (or less than)  the multi-  
pl ici ty of the  form of planes (hkl} producing them.  
Theoret ical ly i t  should be possible to obtain  the multi-  
plicities of various re flexions by  comparing the intensities 
on a ro ta t ion  photograph and on a powder photograph 
of the same crystal.  

The system, and  indeed the  Laue group, to which a 
crystal  belongs can be determined almost  by  inspection. 
On a ro ta t ion  photograph of the usual type,  recorded on 
a cylindrical film whose axis coincides with the axis of 
rotat ion,  any  plane (hkl) produces two spots above the  
equator,  while (hlcl) produces two spots below the  
equator.  Hence the multiplicit ies on one hal f  of the film 
(the division being t aken  in practice parallel to the  
ro ta t ion  axis) correspond to those convent ional ly  listed 
in tables. Accidental  coincidences of spacing can usually 
be detected by  differences of intensi ty  among the spots 
on a single Deb:y e ring, due allowance being made for the 
increase of in tensi ty  on moving away from the equator  
(Cox & Shaw, 1930). 

I f  there is no mult ipl ic i ty  greater t han  two, then the 
crystal  is triclinic. For  the monoclinic system there will 
only be multiplicit ies of two and four, whereas in the 
orthorhombic system, eight will appear,  and so on. I f  
the planes are then  arranged in groups of the same 
mult ipl ici ty,  relationships can be found much more easily 
than  when all the reflexions from the crystal  are con- 
sidered together.  

This method  has an  advantage  over the general powder 
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method  proposed b y  I to  in t h a t  the prel iminary grouping 
of planes in this  way  makes i t  possible to s tudy  more 
complicated crystals wi thout  having  especially accurate 
sin s O values. I t  is fur ther  of considerable value in cases 
where space-group extinctions cause t h e  systematic  
absence of low-order reflexions from the axial  planes. 
When  in monoclinic or orthorhombic crystals the plane 
of largest spacing has a mult ipl ic i ty  higher t han  two, this  
is an  immoxliate indicat ion of the existence of such 
extinctions.  

I n  certain crystal  classes, planes of the same form {hkl} 
do not  all have the same numerical  value of I E(hkl) I, 
and for example I_F(hkl) l~[E(~kl)[ ,  say;  hence the 
intensities of spots on the s a m e  ring m a y  differ jus t  as 
though two different forms {hlklll} and (h2k212} acciden- 
ta l ly  had  the same spacing. In  practice, however, a 
general consideration of the multiplicities present  would 
indicate the sys tem to which the crystal  belonged, and  
a s tudy  of a few planes of low mult ip l ic i ty  and large 
spacing should ~ give a un i t  cell from which the remaining 
rings can be indexed. 

A llm~ted applicat ion of the use of multiplicit ies was 
recorded b y  Lipson & Steeple (1951), who found tha t  
indicat ions of the va lue  of the mul t ip l ic i ty  factor on 

powder photographs on which the lines were ' s p o t t y '  is 
a useful aid to indexing. 

When  using the m~thod, we have t~ken two photo- 
graphs o f  each crystal,  one in a random orientat ion and  
a second exposure for which one arc was altered 55 ° and  
the other arc 10 ° wi th  respect to the first photograph,  
so t h a t  a reasonable amount  of the l imit ing sphere was 
covered in all, and  impor tan t  planes which might  be 
missed on one photograph would probably  appear  on the 
other. Quarter-plate ~lma were used, one about  2-5 cm. 
from the crystal  "in order to obtain a large number  of 
reflexions, and  one approximate ly  7 .5cm. from the  
crystal  for more accurate measurement  of small 0 values. 
Ro ta t ion  photographs on fiat films are more convenient  
than  those on cylindrical films, since circles can then  be 
drawn through equivalent  points.  
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l~Iaterial constants  connecting physical  quanti t ies  in 
crystals, for instance, the  elastic constants,  are usual ly 
given wi th  respect to an  orthogonal co-ordinate system 
the orientat ion of which is determined b y  crystal  sym- 
metry .  Various methods have been developed to express 
the mater ial  constants  proper to an  a rb i t ra ry  co-ordinate 
system in terms of those above, bu t  the procedures are 
usually involved (see for example Cady, 1946). 

We would like to call a t ten t ion  to a compact  method 
making  use of the t ransformation properties of single 
co-ordinate products.  The method is applicable to trans- 
formations between orthogonal co-ordinate systems. Here 
we need not  dist inguish between co- and contra-var iant  
quanti t ies.  

The mater ial  constants connecting two tensors of rank  
m and  n t ransform essentially like the  components of a 
tensor of r ank  (m + n). These t ransformat ion properties are 
well known. I f  the  co-ordinates of the same point,  referred 
to two co-ordinate systems, are connected b y  

x; = ~.R~,x,, (1) 

where Z / ~ j R ~  = ~ ,  an  ordinary tensor t ransforms like 

T~j ... = ZR~,R,... T,, .... (2) 

Equation (2) is not affected by symmetry in the tensor 
indices if the snmmation is carried out over all possible 
values of the snmm~ttion indices. 

Each of the tensor indices can have three possible values. 
Hence we can say that a tensor component transforming 
according to (2) transforms like the co-ordinate product 

(z,)i (x,), .... (3) 

where the numerical  subscripts refer to the posit ion of the  
various indices of the tensor. We can find T~ . . .  b y  using 
(1) on each co-ordinate appearing in (3), and  b y  then 
ident i fying each term in the resul tant  sum of co-ordinate 
products  wi th  the  proper tensor component  in the  original 
co-ordinate system. 

In  principle, i t  is no more difficult %o carry out  the 
t ransformat ion of the mater ial  constants  according to (2) 
t han  to ident i fy  them wi th  co-ordinate products  (3) and 
then  carry out  the t ransformat ion on these co-ordinate 
products.  Bu t  the  use of co-ordinate products  has some 
practical  advantages.  

Tensors representing physical  quant i t ies  are often 
symmetr ic  in some indices. This s y m m e t r y  can be in- 
corporated in the co-ordinate products  b y  using the same 
numerical  subscript on the co-ordinates representing inter- 
changeable tensor indices. Thus, the  components of the  
stress-tensor t ransform like the  products  

z ' ,  y ' ,  z s, yz ,  zx, xy; (4) 
t ha t  is, no identifying subscripts are needed. 

Since mater ial  constants  t ransform like the  product  of 
the tensor components they  connect, t hey  t ransform like 
the products  of the  co-ordinate products  representing the 
tensor components in question. A n y  s y m m e t r y  in  t h e  
tensor indices can thus  be carried over directly into the 
appropriate  par ts  of the total  co-ordinate product.  This 
reduces the number  of subscripts of (3) and  hence the  
number  of products  upon expansion after  a t ransformation.  
Addit ional  symmet ry  in the m~terial  constants,  such as 
index-pair symmetry ,  is best  included after  the  t rans .  
formation has been carried out. 


