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at tempted that  do not suffer from the inherent  drift 
of  free molecular  dynamics  calculations (Kur iyan  & 
Briinger, work in progress).  
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Abstract  

An alternative convention is proposed for solving the 
ambiguity problem of  ( 3 + 1 )  superspace group 
symbols described by Yamamoto ,  Janssen,  Janner  & 
de Wolff [Acta  Cryst. (1985), A41, 528-530] based 
on the requirement  that the condition for equivalence 
of  modula t ion vectors to be independent  on a selec- 
tion of  basis vectors is satisfied. 

symbols for basic space groups summarized in their 
Table 2. 

In order  to make  clearer our alternative solution 
we will present  below a simple derivation of  t ransfor-  
mation propert ies  of  a supersymmetry  opera tor  in 
(3 + d)  superspace  for the case of  replacing modula-  
tion vectors. 

A translat ional  periodicity in (3 + d)  superspace is 
character ized by a lattice A spanned  by bl ,  • • . ,  b3+d 
(de Wolff, 1974; Janner ,  Janssen & de Wolff, 1983): 

The ambiguity of  (3 + 1) superspace group symbols 
was discussed by Yamamoto ,  Janssen,  Janner  & de 
Wolff (1985) (hereafter  referred to as I) and their 
solution consists of  making a specific choice of  

d 
b i = a i  - ~ ejo)i ( i = 1 , 2 , 3 )  

j=l 

hi+3 : ei (i = 1 , . . . ,  d)  

(1) 
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62 THE AMBIGUITY PROBLEM OF (3+1)  SUPERSPACE GROUP SYMBOLS 

where e; are additional vectors perpendicular to an 
external space VE and o-j~ are components of modula- 
tion vectors with respect to a*,  a* and a*. The matrix 
er can be decomposed (see Janner & Janssen, 1979) 
into 

er = err+eri. (2) 

A matrix form of supersymmetry operator with 
respect to the base (1) is 

(I-'E 0 ' / ( r E  ] ( s E ) ( r ~ ' ~  
FM F ~ / k r ~ / +  = (3) sl \ r ~ /  

where FE, FM and FI are 3×3,  d x 3  and d x d  
matrices, respectively and se and sr are 3 × 1 and 
d × 1 matrices, respectively. FM can be written as 

FM = O'rFE - F l e r ,  (4) 

Instead of s~ the more convenient parameter 

--errSE (5) 

is used for characterizing the translational part in an 
internal space V,. 

The change o ''~ of modulation vectors defined by 
the equation 

er = er+er (6) 

can be split into two parts in the same way as for er 
[see (2)]: 

A A 
er =err  +era .  (7) 

The transformed base b'~ (i = 1 , . . . ,  3+ d) is related 
to the original one by 

d 

b ~ = b , -  E bj÷3crj~ ( i = 1 , 2 , 3 )  
j = l  

( 8 )  
bl+3 = hi+3 (i = 1 , . . . ,  d), 

and similarly for diffraction indices H = (HE, HI)" 

H I = H E - H ~ e r  a 

H ~ = H , .  (9) 

The supersymmetry operator can be written with 
respect to the base (8) and the following transforma- 
tion holds: 

F~=FE 

F~ =F I  

F~=FM+er~aFE-Fler  ar 

E - F l O ' r  

StE --_ SE 

S t -k e r ' 3SE 1 ~ S l  

, 
"I" = a ' + e r  S E. 

(lo) 

These transformation properties were derived without 
any restrictions on possible changes of modulation 

vectors. But we are interested in such transformations 
when one set of modulation vectors is replaced by 
an equivalent one. 

The transformation law (10) was derived for gen- 
eral ( 3 + d )  superspace. For the (3+1)  superspace 
which we are interested in it car~ be simplified by 
replacing the matrices er by modulation vectors q and 
matrix multiplications (such as er.SE) by a scalar 
product (q. sE). 

Two modulation vectors q and q' are called 
equivalent if the difference (or sum) q is a reciprocal- 
lattice vector of a basic lattice (de Wolff, Janssen & 
Janner, 1981). A problem can arise when a basic 
lattice is centred. In order to make the term 
equivalence of modulation vectors independent of 
basis selection (primitive basic vectors or centred 
ones) we have to reduce possible differences q from 
reciprocal-lattice vectors that really exist which means 
that we have to use the extinction rules following 
from the use of a centred cell. 

In I the case 

e l 2 c b  
i s i  

was used to show an ambiguity of certain symbols. 
But the vectors q = yc* and q' = (1 - y)c* can be called 
equivalent in the primitive orthorhombic lattice but 
not in an /-centred one if the proposed equivalence 
rule is accepted. There are several ways to replace qi 
by ql = (1 - y)c* but it is always necessary to change 
qr also. The simplest of them are q '=  a*+ ( 1 -  y)c* 
and q' = b* + (1 - y)c* with corresponding symbols 

L12cb 12cb i~i and M i ~ ,  

respectively. On the other hand, use of the 
equivalence principle without respecting extinction 
rules following from the use of a centred cell leads 
to the possibility of transforming the Bravais classes 

L C ~  ' and LF~"? 
to 

pC ~,~ ~, and pF ~,~ ~, 

respectively, by using q' -- q + a*. This transformation 
(9) leads to extinction rules h + k + m = 2n and h + 
k+m =2n~, h + l + m  =2n2, k+l=2n3,  respectively. 
These extinction rules are the only way to distinguish 
these symbols from ordinary ones. 

Our proposal is to use a q-equivalence principle 
respecting extinction rules following from the use of 
a centred cell, which means that we propose q 
equivalence to be independent of the base selection. 
The ambiguity problem is fully solved without using 
the alternative symbols not only for superspace 
groups from Table 2 of I but also for the symbols of 
Bravais classes. From equation (9) it is clear that the 
centring extinction conditions are not changed by 
such an equivalent transformation. The proposed q- 
equivalence principle is, moreover, in accordance 



V. PETI~it~EK 63 

with that used in lattice dynamics for defining 
Brillouin zones. 
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Abstract 

The Subcommittee has attempted to elucidate the 
nature of problems encountered in the definition and 
use of statistical descriptors as applied to crystallogra- 
phy and to propose procedural improvements. The 
report contains (a) a dictionary of statistical terms 
established for use by experimentalists; (b) a descrip- 
tion of the statistical basis for refinement procedures; 
(c) sections dealing with defects in the physical model 
used for refinement, and with the choice and sig- 
nificance of weighting schemes; and (d) recom- 
mendations, some of which may be readily imple- 
mented, whilst others may require a long-term effort 
to bring them into general use. 

Introduction 

A result of several discussions at the XIII Inter- 
national Congress of Crystallography in Hamburg, 

* Appointed 27 February 1985 as a Subcommittee of the IUCr 
Commission on Crystallographic Nomenclature. Following a 
review by the Chairmen of all relevant IUCr Commissions, the 
Final Report was accepted on 9 May 1988 by the Commission and 
on 2 September 1988 by the Executive Committee. 

1984, particularly those arising at a microsymposium 
devoted to crystallographic statistics, was a renewed 
recognition of the wide nonuniformity in use and 
nomenclature of many statistical methods applied to 
crystallography. The Commission on Crystallo- 
graphic Nomenclature addressed this problem soon 
after the Congress had ended and agreed that an 
attempt should be made to improve the situation. 
Accordingly, a Subcommittee on Statistical Descrip- 
tors in Crystallography was appointed in early 1985 
with its terms of reference 'to examine the validity of 
current statistical approaches used in estimating the 
variances in crystallographic quantities and to make 
recommendations for an improved methodology that 
rests securely on sound modern statistical theory and 
that can be widely adopted by the crystallographic 
community' .  

Vigorous correspondence within the Subcommittee 
resulted in a series of draft reports that gradually 
evolved toward general consensus. An intermediate 
report was presented orally at an Open Meeting of 
the Commission during the XIV International Con- 
gress of Crystallography in Perth 1987. 

Problems arising from the interface between the 
mathematical theory of probability and statistics and 
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