
5. SCANNING OF SPACE GROUPS

the coordinate system in such a way that the conjugate scanning
groups, linear orbits and sectional layer groups are expressed in
the same way in the respective coordinate systems.

5.2.4.6.1. Orthogonal scanning, standard tables

Orientation orbit ð001Þ: This orientation orbit contains the
orientations (001), (100) and (010). It appears in all cubic groups
and it leads to orthorhombic scanning groups in the case of space
groups of the classes 23 (T), m�33 (Th) and to tetragonal scanning
groups in the case of the classes 432 (O), �443m (Td) andm�33m (Oh).
The conventional bases of the scanning groups for the orientation
(001) are chosen as a0 ¼ a, b0 ¼ b, d ¼ c for all cases with the
exception of F-centred types of groups of the classes 432 (O),
�443m (Td) andm�33m (Oh). The centring types P, I and F remain the
same for orthorhombic scanning groups, i.e. for the classes 23 (T)
and m�33 (Th), and for the P and I types of tetragonal scanning
groups which apply to the classes 23 (O), �443m (Td) and m�33m
(Oh). The F-centred type for the latter classes turns into
I-centred tetragonal scanning groups with the conventional basis
a0 ¼ ða� bÞ=2, b0 ¼ ðaþ bÞ=2, d ¼ c for the orientation (001).

For the remaining two orientations (100) and (010), we obtain
the bases by the cyclic permutations a ! b ! c ! a and
a ! c ! b ! a, respectively, which correspond to rotations 3
and 32 around the threefold axis [111].

Orientation orbit ð110Þ: This orbit occurs only in groups of the
classes 432 (O), �443m (Td) and m�33m (Oh). It consists of the
orientations (110), (1�110), (011), (01�11), (101) and (�1101). The
scanning groups are orthorhombic in all cases. We choose the

conventional basis of the scanning group as a0 ¼ c, b0 ¼ ða� bÞ,
d ¼ ðaþ bÞ for the orientation (110) and as a0 ¼ c, b0 ¼ ðaþ bÞ,
d ¼ ðb� aÞ for the orientation (1�110) for the P- and I-centred
cases. The corresponding scanning groups are orthorhombic of
the centring types A and F, respectively. For the original
F-centring, we choose the conventional basis of orthorhombic
scanning groups as a0 ¼ c, b0 ¼ ða� bÞ=2, d ¼ ðaþ bÞ=2 for the
orientation (110) and as a0 ¼ c, b0 ¼ ðaþ bÞ=2, d ¼ ða� bÞ=2 for
the orientation (1�110), which results in I-centred orthorhombic
scanning groups.

The bases for the scanning groups corresponding to the
orientations (011) and (01�11) are obtained respectively by the
cyclic permutation a ! b ! c ! a and the bases of scanning
groups for the orientations (101) and (�1101) by the cyclic
permutation a ! c ! b ! a, which again corresponds to the
threefold rotations 3 and 32 around the [111] axis. Accordingly,
the scanning groups, linear orbits and sectional layer groups are
the same with reference to respective bases for the orientations
(110), (011) and (101) as well as for the orientations (1�110), (01�11)
and (�1101). In some cases, there is also no difference between the
two triplets of orientations and one row describes the scanning
for all six orientations. In other cases, owing to fourfold screw
axes, the scanning groups are shifted and the row splits into two
subrows.

Orientation orbit ð111Þ: This orbit with orientations (111),
ð �11111Þ, ð1 �1111Þ appears in all cubic groups and the respective scan-
ning groups are trigonal with a rhombohedral lattice. The
following abbreviated symbols are used for vectors of the cube
diagonals:

s ¼ ðaþ bþ cÞ; s1 ¼ ða� b� cÞ;
s2 ¼ ð�aþ b� cÞ; s3 ¼ ð�a� bþ cÞ

in directions [111], [111], [�111�11] and [111], see Fig. 5.2.4.8. The
latter three vectors are obtained from the vector s by the action
of twofold axes as follows: 2zs ¼ s3, 2xs ¼ s1, 2ys ¼ s2. The
rhombohedral unit cells of the scanning groups corresponding to
the orientation (111) and for the P-, I- and F-centring types of
original cubic groups are shown in Figs. 5.2.4.9(a), 5.2.4.10(a) and
5.2.4.11(a), respectively. Eight conventional cubic cells
surrounding the origin are shown in each of the figures to display
the hexagonal lattice in the plane corresponding to the orienta-
tion (111) and passing through the origin. The projections of
these situations along the cube diagonal d onto this plane are
depicted in Figs. 5.2.4.9(b), 5.2.4.10(b) and 5.2.4.11(b), respec-
tively. In these figures, the areas that represent the choice of the
hexagonal unit cell in the plane as used for scanning groups are
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Fig. 5.2.4.8. Vectors along the main cubic axes.

Fig. 5.2.4.9. The cubic scanning for orientation (111) in the case of cubic groups with a P lattice. (a) Three-dimensional view. (b) View along the cubic diagonal.
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5.2. GUIDE TO THE USE OF THE SCANNING TABLES

shaded. The scanning direction is chosen along the cube diagonal
[111]. Notice that the periodicity of the corresponding hexagonal
lattice in this direction equals d ¼ s for P- and F-centred cubic
groups, while for the I-centred groups the periodicity is d ¼ s=2.
The choice of bases of the scanning groups corresponds to the
obverse setting of the rhombohedral basis vectors with respect to
hexagonal bases. The scanning for the direction [111] can be then
copied from the scanning of trigonal groups with a rhombohedral
lattice.

The remaining three orientations (111), (111) and (�111�11) are
obtained by application of twofold rotations 2z, 2x and 2y,
respectively. Using these rotations, we obtain the scanning data in
a compact way for all four orientations. Again, in certain cases,

the data are the same with respect to the rotated coordinate
systems; then one row describes all orientations. In other cases,
the data refer to shifted coordinate systems. The shifts along the
scanning direction, if they are the same for all orientations, are
taken into account by recalculating the levels of the linear orbits.
The shifts in planes ða0; b0Þ are, however, used to refer to different
origins.

5.2.4.6.2. Inclined scanning, auxiliary tables

Orientation orbit ðmn0Þ: Orientations of this orbit contain one
of the three main cubic axes and are divided into three subsets
corresponding to these axes for which the bases are separated by
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Fig. 5.2.4.10. The cubic scanning for orientation (111) in the case of cubic groups with an I lattice. (a) Three-dimensional view. (b) View along the cubic
diagonal.

Fig. 5.2.4.11. The cubic scanning for orientation (111) in the case of cubic groups with an F lattice. (a) Three-dimensional view. (b) View along the cubic
diagonal.
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