
5. SCANNING OF SPACE GROUPS

direction with the periodicity of the translation normalizer of G.
This is identical with the periodicity of the translation normalizer
of the scanning groupH (see the examples in Section 5.2.5.1). We
recall that the translation normalizer of the space group G, as
defined by Kopský (1993b,c), is the translation subgroup of the
Cheshire group (Euclidean normalizer) of G [see Hirschfeld
(1968) and Koch & Fischer in Part 15 of IT A, 1987 edition or
later].

In the application of the convention we note the following:
Item 1. If G ¼ H for a certain orientation of planes so that this

orientation is invariant under all elements of the point groupG of
the space group G, then G ¼ H, i.e. the scanning group H coin-
cides with the original space group G.

The typical cases of this relationship are orientations (001) for
the monoclinic, orthorhombic and tetragonal groups and the
orientations (0001) for the trigonal and hexagonal groups. In
these cases, the conventional basis of the original space group G
also coincides with the conventional basis of the scanning group
H and the group H is therefore represented by the same
Hermann–Mauguin symbol as the group G.

Item 2. The conventional basis of the scanning group H may
differ from the conventional basis of the original group G even if
these groups are identical. In this case the group is generally
denoted by different Hermann–Mauguin symbols. This always
happens in the cases of monoclinic and very frequently in cases of
orthorhombic groups for other orientations than (001) because
the conventional vectors a0, b0, d of the scanning group H cannot
be made identical with the conventional basis vectors a, b, c of the
group G.
Example: Consider the space group G ¼ Pmmm (D1

2h) and the
orientations described by the Miller indices (001), (100), (010).
The scanning group H ¼ G is identical with the scanned group
and its Hermann–Mauguin symbol Pmmm is the same for all
three orientations.

If, however, the scanned group is the group G ¼ Pmma (D5
2h),

then again the scanning group H is identical with the scanned
group G for the three orientations, but the Hermann–Mauguin
symbols of the scanning group are now different: they are Pmma,
Pmcm and Pbmm for the orientations (001), (100) and (010),
respectively.

Item 3. If H � G, so that the point group H is a proper
subgroup of the point groupG, then the conventional basis of the
scanning groupH is usually different from the conventional basis
of the original group G, although the groups are equitranslational,
i.e. have the same translation subgroup. The conventional basis of
the scanning groupH in the case when H � G actually coincides
with the conventional basis of the space group G only in the cases
of the orientations (001), (100) and/or (010) if G is cubic of lattice
type P or I and henceH is tetragonal of the same lattice type. The
centring type of the scanning groupH is also frequently different
from the centring type of the original group G.

5.2.2.4. The types of scanning

It is useful to characterize various scanning tasks using the
names of the crystallographic systems of the scanned group and

of the scanning group. The scanning tables are naturally built up
from lower to higher symmetries, according to the standard
sequence of space groups. In this process, some already-consid-
ered space groups of lower crystallographic systems appear as
scanning groups for those orientations which are not invariant
under the point groupG of the scanned space group G of a higher
crystallographic system. In the first column of Table 5.2.2.1, the
crystallographic systems are listed in their usual hierarchy and to
the right of each system are listed the lower systems from which
some groups appear as scanning groups. We use terms such as
tetragonal/monoclinic scanning when a tetragonal space group G
is considered and the scanning group H is monoclinic. Simple
expressions such as orthorhombic scanning will mean that the
scanning group H is orthorhombic, to distinguish it from the
expression scanning of orthorhombic groups, which means that
the original space group G is orthorhombic. The lattice of trigonal
scanning groups in the case of cubic/trigonal scanning is always
rhombohedral as indicated in parentheses.

5.2.2.5. Orientation orbits

The point group G of the scanned group G acts on the orien-
tations defined by Miller indices ðhklÞ or Bravais–Miller indices
ðhkilÞ. The set of all orientations Vða0i; b0iÞ obtained from a given
orientation Vða01; b01Þ by the action of the elements of the groupG
is called the orientation orbit. The point group H1 � G which
leaves the orientation Vða01; b01Þ invariant is the point group of the
scanning groupH1 for this orientation. From the coset resolution

G ¼ H1 [ g2H1 [ . . . [ gpH1 ð5:2:2:2Þ
we obtain orientations of the orbit by the action of cosets on
the first orientation: Vða0i; b0iÞ ¼ giH1Vða01; b01Þ ¼ giVða01; b01Þ. In
general, the number of orientations in the orbit is equal to the
index p ¼ ½G : H1� of the subgroup H1 in G. The point group
Hi � G which leaves the orientation Vða0i; b0iÞ invariant is the
conjugate subgroup Hi ¼ giH1g

�1
i of the point group H1 in the

group G. If H1 ¼ H ¼ G, then the scanning group H is identical
with the scanned group G and the orientation orbit contains just
one orientation.

In the general case, to each orientation Vða0i; b0iÞ there corre-
sponds a scanning groupHi, conjugate to the scanning group H1.
The elements of a coset giH1 send the scanning vector d1 for the
first orientation into scanning vectors di ¼ giH1d1 ¼ gid1 for
orientations Vða0i; b0iÞ.

The set of the conjugate scanning groups Hi is obtained from
the coset resolution of the space group, which corresponds to the
coset resolution (5.2.2.2) of the point group:

G ¼ H1 [ fg2js2gH1 [ . . . [ fgpjspgH1: ð5:2:2:3Þ
The scanning groups Hi ¼ fgijsigH1fg�1

i j � g�1
i sig are related in

the same way to the respective conventional bases
ða0i; b0i; diÞ ¼ ðgia01; gib01; gid1Þ and hence they are expressed by the
same Hermann–Mauguin symbols. However, the operations in
the three-dimensional Euclidean space, which correspond to
operations gi on the vector space, often contain additional
translations si. Quite generally, the scanning for an orientation
Vða0i; b0iÞ is described in the same manner with reference to the
coordinate system ðPþ si;Vða0i; b0i; diÞÞ as the scanning for the
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Table 5.2.2.1. Various types of scanning

Triclinic

Monoclinic triclinic

Orthorhombic monoclinic triclinic

Tetragonal orthorhombic monoclinic triclinic

Trigonal orthorhombic monoclinic triclinic

Hexagonal orthorhombic monoclinic triclinic

Cubic tetragonal trigonal
(rhombohedral)

orthorhombic monoclinic triclinic
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