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Abstract. Simplified matrix symbols of symmetry operations canm be easily
multiplied using a numerical multiplication table presented in the paper.

INTRODUCTION

'

Multiplication tables for symmetry elements coexisting with a
6-fold and with a 4-fold axis have been presented in foregoing papers
/Nedoma et al., 1979, 1980/. In.the present paper the possibility of
further simplification of the graphical form of these tables will be

discussed.

NUMERICAIL MULTIPLICATION TABLE

Let us write explicitely all matrices contained in both multiplica-

tion tables published in foregoing papers /Table 1/. Each matrix is
written below its simplified symbol. In the left corner of each field

- near the simplified symbol - the matrix written on this field is

arbitrarily labelled with ar
With aid of this table each symmetry operztion can be
by the matrix written explicitely, by

Jumber contained between 1 and 32,
described

using three different notations:

the corresponding simplified matrix symbol or by the number of the ma-

trix.
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By the way of illustration let us describe a 4-fold symmetry axis

along the x-axis of the coordinate system:

10500
in matrix notation 0 0 T
0 180,
in simplified notation 4/100/
in numerical notation 29

Multiplication tables for symmetry elements coexisting with a
6-fold and with a 4-fold axis can be reduced to one numerical Table 2.

The product of multiplication of two symmetry elements can be di-
rectly read in the multiplication Table 2.

Let us multiply e.g. the following two matrices:

15500 50 T 1034:0 q5 40500
0027 x () ot = 0 75150
0150 WSl o% 0; 50

The resulting matrix has been obtained by direct matrix multipli-
cation.

In simplified matrix symbols the same multiplication can be noted
4/100/ x 2/011/ = 2/001/

The resulting matrix symbol has been directly read in one
two multiplication tables published in foregoing papers.
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Numerical multiplication table

R

3 4-1 S 73029151631321:12 024 211719232218 6 5 7 83029 12 11

AEENE 2 B 6 5R29 12729 83014 1351251132 121222019”182423 il

S 3119 2317212024 18222625 8 7 9 10 16 15
30.27:10; 1929 7. 87287 253 18 241215V

626,255 "¢ 12418 21 V1 1078302992827 T 3 .223722019

7 28 827192113'2422 2629 525 61030 92017 4 218 23

827 7282017 3 12318 61025 52629 9301921 2 42224

9°10:29:30,23.2%4 21 .20 ‘1 2 2825427 8:::7726115.:6 18522019 ¥l &

10 9 30729:22 18 1931721 8 6 72827 5262524232120 4 3

11 31 16 14 15 a2 e r 12853 213

123271543 625 174531831 14 2

13 15 32 12 NI 62 04 G0 s

14 16 31 11 432 3530132 312

15 98,12 32 3etar1a w216 1 43N

16 14 11 31 s e e e e 32 4

17 21 19 20 28 8 30 10 26 6 18 124227234 1 2 0 3T 21 » 929525

18 25 24 22 29 1025 627 8 17473 45212072419, 3059:267°5:28. 7

195207 A2t 7127 510301 2555 23 42224 187 1. 3 2288 29,/9" 626

2019 21 17 82829 9 525 24 21823223 1 42727103026 6

S TR0/ 1902 T - 19529856 26 22 3231824 2 4 1 828301025 5

22 24 23 18 1029 52628 7 321 1 2 4191720 930 62527 8

2318 22 24 93026 5 827 419 2 1 3212017102925 6 728

24 22182330 9 625 728 2.20 ‘4 3-1°17 19 21.29° 10 5:26¢ 8 2]

25 5 626 3 2182419 20 928293010 8 727 4 1222317 21

2646 115125 216235 20BA 7121 29 7 910302728 8 1 424181920

27 828 72119 2 41823 53026 625 929101720 3 12422

28 727 81720 4 22224 25 9 626 53010292119 1 32318

29 30 9.10 18 22 2021 4 3 <7 26 827 287256/ 572324 11192

3029 10 924 2317 19 3 4 27 528 7 8 6252622182021 1 2

31 11 14 16 13 2 312 4 32 15 1

32 1213 15 21411 331 4 116

Using the matrix numbers introduced in Table 1 the same multipli-

S Edon cAnihE hoted Bhopkly as- 129%%d = 4. Ihis "equation" must be -

of course - read as follows:

trixid s

In the case of inversion axes we could write for instance 29 x.9 =

20 x 29 x 1=4x1=

matrix 29 multiplied by matrix 9 gives ma—

1.

The same Table 2 gives thus the possibility of multiplying not only

all matrices included
axes corresponding to

The practical use
solving the followiﬂg
a 3-fold axis along X

The simplified symbols of both generating axes are 3/001/
in numerical notation Table 1/ 15 and 3.

2/010/;
following table

in the Table 1 but also all matrices of inversion

those included in the table.
of the multiplication Table 2 will be evident in
problem: find all symmetry elements generated by

and by a 2-fold axis along Y.
and

Let us construct the
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3|
All symbols appearing in the table must be multiplied by each other.
Using the numerical multiplication table we can "fill" easily the table
15 3

15, 36 <2
3 il 1

In the result of multiplification new operations 16, 12, 11 have appe-
ared. They must be also multiplied by all operations already known to
belong to the group. We must therefore enlarge the table

15 3 16 12 1k

15 16, -2
3 11 1
16

12

i |

Performing the multiplications we receive the table

15 3 16 12 11

15 {16 12 1 11 S
3 2] ; 12 16 15

16 L 15 3, 12
12 315 1 1] 16
11 22 V6, 3 15 1

No new symmetry elements have appeared, the possibility of further

is closed. The group generated by elements 15, 3 consists
thus of elements 15, e, W2 Gy At

tion of the elements

3/001/, 2/010/, 2/V'3 1 07 2NF 1 o), 37001/, 1/Mnp/

or in explicite matrix form

generation

'or in simplified matrix nota-

e o RS
> 7 L0 0,
V3 ! =
e ) Ve
0 0 1 001 T
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Let us solve now an other problem connected with the above one.The
oriented symmetry elements 3/001/ and 2/010/ have generated all sym-
metry elements listed above. The derivated elements are also exactly
oriented in space. Whole the group can be thus called an oriented group
of symmetry elements. What will be the oriented symmetry elements gene-
rated by oriented elements 3/001/ and 2/100/? We could of course re-
peat the same steps as above but we can also proceed in an other manner.
If we rotate all rigid system of oriented symmetry elements generated
by 3/001/ and 2/010/ around the z axis to place the 2/010/ axis
along the x axis /the rotation must be made by 900/ we obtain the "old"

group in the required new orientation. Performing the multiplication

M
N
P

o ~| o
X

where M N P denotes all values appearing in parenthesis in simpli-
fied symbols of the "old" oriented group we obtain directly the %
group generated by 3/001/ and 2/100/.

Deriving an oriented group of symmetry elements in a given orienta-
tion with aid of the multiplication table we can thus easily pass to
an other orientation of the group in space and write the simplified
symbols of elements belonging to the group in other orientation.Making

new"

use of the generalized matrix we can pass to corresponding matrices de-
scribing the new obtained group.

Several fields of the multiplication table remain empty.This means
that the elements belonging to these fields /in the corresponding co-
lumn and row/ can not be multiplied with aid of the multiplication ta-
ble: either they do not coexist with each other or their product has
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not been included in the Table 1. Let us consider for instance the mul—

4/100/ x 6/001/ or in numerical form 29 x 3l. A 4-fold

tiplication ]
The multiplication can not

axis does not coexist with a 6-fold axis.
be performed as the resulting matrix would no
phic meaning. In the case of multiplication 6 x 15 there is also an

t have any crystallogra-

empty field instead of resulting product. Passing to simplified sym-
bols we can write 2/110/ wHs/0017% The v B value calculated for these
symbols amounts to 0 i.e. we have to do with a 2-fold axis perpendicu-
lar to a 3-fold axis. The product of these matrices does exist but the
resulting matrix has not been included in the Tables 1 and 2. Toydesls
ve the group an other orientation of these axes in space must be chosen
e.g. 3/001/,2/010/- these both axes being also perpendicular to each
other. After having derived this oriented group of symmetry elements

we can pass to the former orientation proceeding as above.
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MNOZENIE UPROSZCZONYCH SYMBOLI MACIERZOWYCH

Cz. 111
g toriais zc Zia il e
Uproszczone symbole macierzowe operacji symetrii mozna z Yatwoscig

mnozy¢é przy pomocy numerycznej "tabliczki mnozenia" przedstawionej w
pracy.
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