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1. Introduction 

An adequate description or the symmetry or the investigated 

crystals is or prime importance/l-4 / in the analysis or a number 

or physical properties or the crystals and especially in the 

description or their crystallographic magnetic structure, as well 

as in the study or phase transitions. The generalized groups known 

as colour groups proved to be quiet useru1 13 • 5 - 71 Recently their 

errectiveness in the analysis or phase transitions has been demon

strated/B-ll/_ The method or their application is rather close to 

the approach developed by Guran and coauthors <see Rer.12) and the 

rererences therein). 

In view or application or colour groups to the analysis 

magnetic phase transitions/B-ll/ the study and the tabulation or 

or 

a 

new type or generalized crystallographic groups permutational 

magnetic groups, seems to be expedient. These groups are extension 

or Shubnikov' s magnetic groups .by groups or permutations131 

The present article is a continuation or Rer.13, where- the 

general theory and the classirication or permutational magnetic 

groups were described. Now we discuss the algorithm ror derivation 

or the groups and give some complete tables or their three-terms 

symbols, together with the label or the respective transitive 

permutational representation. The very permutational representa

tions, decomposed to irreducible components, are published ror the 

rirst time in part III or the article1141 • 

2.Permutational Magnetic Point Groups 

The permutational magnetic point groups (PMPGl are colour 

gro.ups or binary operations 

cPxG.C1l 

Using symbols or type X<X
0

l ror the magnetic groups, where 

X
0 

c X<X
0

l is classical nonmagnetic subgroup, the three-terms 

symbo1 13• 6 • 131or PMPG might be written as, 

1 

fl f,l()tC1lliiKli1ihli. 1'.l!Cmtl{if 

~ fil:':.!:HU,ir. m::: :-;.:,:;:•.,:;mt(i.i ! 
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G(G )(pl= G(G )/H'(H')/H(H > CA(A >,A'<A')J 
o o o o o o n• 

(2) 

A basic step in the algorithm ror constructing colour groups 

is coupling or an element. belonging to the magnetic group 

g e G(G
0

> with an appropriate element or the transitive permuta

tional group P s; Sn. A rather convenient method is 

demon~trated·in Rers.7,10, but in our case we used an IBM-PC compa

tible microcomputer and it turned to be more appropriate to employ 

the method proposed by Van-der-Waerden151 Following it one 

constructs ror each H' c G, a transitive permutational representa-
. H' 

tion n6 or the group G and every element g e G<G > is coupled to 
- H• o 
the permutation n6 <g>. For this purpose,a special program, written 

in Turbo Pascal 5.0, gives the rollowing results: al the set or 
all the subgroups is round ror every one or the 122- magnetic 

groups1 b) classes or conjugated subgroups are determined; cl a 

particular group G<G0 > is decomposed to lert cosets with respect to 

a rixed subgroup H' <H0> (ror all groups G(G
0

) and all representa

tives or the classes or conjugated subgroups; dl the transitive 

permutational representation is built as permutations or the 

numbers (labels> or the lert cosets obtained by an action rrom the 

lert side or any element g E G(G
0

>, 

[ 
H'' 

o~• <g> al gH'' 
' giH', 

,ggi H'' 

' g H' l 
,gg:H' E p s; 

s n. (3) 

el each element g E G(G > is combined with its image 

p e P~<g>, p e P. The charac~er or each element is determined - it 

is equal to the numbers or cycles with unit length; rl the permuta

tional representation is decomposed to irreducible components, with 

respect to G<G0 >; g) the intersection or all conjugated subgroups, 

belonging to a given class, known as Core H' (H~), is round; hl the 

three-terms symbol ~Eq.2) is composed using the result or cl and 

g). 

3.Content or the Tables 

The basic results or the present paper are collected in Tables 

2 

~ 

'f 

Ta.b. A. 2 

(A.-A') No c2 C C2<C1> C (C.) n s S 1 

<C2,C1>2 1 c 1 Cl Cl Cl 

(Cl ,Cl) I 2 c2 
C C2 <C 1 i 

C (C.) s S 1 

Tab. A.5 

(A,A') 
n No c6 C3h C6<C3> C3tlC3) 

(C6,C1)6 I c 1 Cl Cl Cl 

C2(CI) Cs <Cl> (C3,C1)3 2 c2 C 
s 

(C2,C1)2 3 c3 c3 c7 
" 

c7 
" (Cl ,Cl) I 4 c6 C3h C6<C3> C3tlC3) 

Tab, A.6 

<A,A' > n No C4h C • 
4 C4h(C4) 

(C4h'Cl)B '-T Cl Cl Cl 

<D2,Cl>4 7 c2 c2 C . 
2 

(C4,Cll4 
3 C C2(CI > Cs(CI) s 
4 C. C • Ci <Cl) 1 I 
7 C2h C • 

2 C2h(C2l 

(C2,CI) 1 6 c_4 c4 c4 
5 s4 C4<C2> S4(C2) 

CCI ,Cl) I B C4h c4 C4h <C4> 

Ta·b. A. 7 

(A,A') No C6h c• c6Kc6> n 6 
(C6h'C1)12 1 c 1 Cl Cl 

3 c2 c2 c2 

(C6,C1)6 2 C C2<C1 > Cs<Cll s 
4 c. c• Ci (Cl> 1 1 

(D2' Cl> 4 s c3 c3 c3 

(C3,c1;3 6 C2h Ci C2tlC2> 
B c6 c6 c6 

(C2,C1)2 9 s 6 
c• 

3 S6<C3> 

7 C3h C6(C3) C3~C3) 

<Cl ,cl) I 10 c6h c• 
6 c6Kc6> 

C Cl Ci (Cl l 
1 

Cl Cl Cl 

C Cl Ci (Cl) 
1 

s6 c• 
3 S6<C3> 

Cl Cl Cl 
c• -C. Ci <Cl) 

1 1 
c3 c7 

" 
c7 
" 

s6 c• 
3 S6 <C3> 

C4h(C2h> s • 
4 

Cl Cl 

c2 c2 

Tab. A,4 

(A,A' l No c4 n 
(C4,C1)4 I c1 
(C2,Cl)2 2 c2 
<Cl ,Cl) I 3 c4 

Tab. A. I 

(A,A' > 
n 

<Cl,Clll 

s4 C4<C2> 

Cl Cl 

c2 c2 

s4 C4<C2> 

Nol c1 
Cl 

Tab. A.3 

C4h(S4> (A,A' ln No 

S4<C2> 

Cl 

c2 

S4<C2> 

c3 

Cl (C3,C1)3 I c 1 
c2 (Cl,Cl)I 2 c3 

C C2(Cll Cs (Cl) s 
c. C • Ci (Cl) 

1 I 
C2h C • 

2 C2h(C2) 

C4(C2) s4 s4 

S4(C2) S4(C2l C4(C2) 

C4h (C2h) s4 C4h(S4) 

c6K56> c;h c6Kc3h> s• 
6 

Cl Cl Cl Cl 

C2(CI) C C2(CI) C. s 1 

Cs(Cl> Cs (Cl) C Ci (~I) s 
C. c• Ci (Cl> c• 

1 I I 
c7 
" 

c3 c3 c7 
. " 

C2tlCi> c• C2tlCs) c~-
s 1 

C6(C3) C3h C6<C3> s6 

s6 C3tlC3) S6(C3) c• 
3 

C3tlC3) c• 
3 C3h S6(C3) 

c6K56> c;h C6tlC3hl s~-

3 



Tab. A.8 

(A,A' )n No D2 c2v D2(C2) C., (C.,> C2h c• C2h(C2> C2h(Ci> c• c2h<Cs> c2h<cs> c., (C > c: LV L 2 s LV s l 

<D2,C1>4 1 c 1 Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl 
3 c2 c2 c2 c2 c2. c2 c2 C2(CI) C C2(CI) C2(C1) C2<C1 > C. s l 

(C2,C1)2 2 c2 C' C2 (Cl> C' (C ) C C2<C1) C s<CI) C s(CI) C s <Cl> C C C Ci (Cl) s s I s s s s 
4 c2 C" c;;cc1 > C" (C ) C. s s I l 

(Cl,CI) I 5 D2 c., 
LV D2<C2> c2v<C2> C2h 

Tab. A.9 

<A,A') 
n 

4 c
2 

5 c2 
3 c2 
7 C 

s 
8 C' 

s 
6 C11 

s 
2 C. 

l 

c2 
C' 

2 
C" 

2 
C2(CI) 

C2<C1> 

C2(CI) 

cl• 

c2 

c2 

c2 
Cs(Cl) 

Cs(CI> 

Cs<Cl) 

Ci <Cl) 

c2 
C 

s 

c2 ((\ > 

C2(C1 l 

C~ <C1 l 

c; <C
1 

l 

C. 
l 

10 c2v D2<C2> c2v<C2> 

D2(C2) 

c2v<C2> 

9 c2v D2<C2> 

II c2v D2 (C2) 
14 c

2
h c

2
• 

Tab A. 13 

(A,A')n No 

<D6,Cl>l2 I 

<D3,C1)6 4 

c2• 
cu• 

2 

D6 

Cl 

c2 

c2v<C2> 

c2v<C2> 

C2h(C2) 

C2h(C2) 
C <C"> 

2h. 2 

C2h 
C2h<Ci) 

C2h (Ci) 

c2v<C~> 
C (C") 

2v s 

D6 <D3> 

Cl 

C2<C1> 

c• Ci (Cl) C. c• 
1 l 1 

c• C2h <C2> C2h(Ci> c• 2 s 

c• 
2v 

c2 
C' 

s 
C" 

s 
C2(C1) 

C~<C1) 

c;<c1 > 

c1• 

c2v 
C2JC2) 

c2• 
c•• 

s 
en• 

s 

C2JC~) 
C (C"l 

2v s 

D6(C6) 

Cl 

c2 

C' 
s 

C" 
s 

C2(C1) Cs(Cll 

C2<C1> Ci 

Cs (Cl l Cl• 

Ci (Cl) Ci (Cl) 

c2v c2h 
Dz<C2) c2• 

C2h(C2) ~2fiC2) 

c2h(C~) c2fiCi) 
C (C"l C • 2h s s 
c2v(C~> c2~cs> 
C (C") C • 

2v s i 

D3d D3dD3> 

Cl Cl 
C. Ci <Cl) 

l 

Ci (Cl) Ci (Cl) Cs (Cl) 

c2h <Cs> c2h <Cs> c2v <Cs> 

Tab. A. 15 

(A,A' l 
n No T 

<T,C{>12 I Cl 
<T,C2) 6 2 c

2
,c

1 
<T,C3>4 3 c3,c1 
(C3,Cl)3 4 D2 
(Cl,Cl)I 5 T 

03dc3v> D3d56) 

Cl Cl 

Ci (Cl) C. 
l 

<D6,C2\ 
2 C(/C1 c2,c1 C2(Cll/CI c2,c1 c2,c1 C2<C1>/CI C2(Cl)/CI 

3 C;\fCI c;<cl)/CI C2(Cll/CI C/C1 Cs(Cl)/CI C/C1 Cs(Cl)/CI 

<D2,C1)4 6 c3 c3 c3 c3 c3 c3 c3 

<D3,C2)3 5 Dz'C2 D2 <C2 ) IC2 (Cl) D2(C2)/C2 c2h1ci C2fiC2) /Ci <Cl) c2fiCs)/Ci (Cl) C2fiCi)/Ci 
9 c6 C6 <C3> c6 s6 S6!C3) S6 <C3> s6 

<C2,C1)2 8 D3 D3 D3(C3> D3 D3 D3<C3l D3(C3) 
7 D' 3 D3<C3> D3(C3> c3v C3JC3> c3v C3JC3> 

(Cl ,Cl) 1 10 D6 D6 (03) D6(C6) D3d D3,:\D3> D3,:\C3) D3d56) 

Tab. A.13 (continued) 

No D3h D3fiD3> D3fiC3h) D3fiC3) c6v C6JC3) c6sc6) D! 
.:, 

I Cl Cl Cl Cl Cl Cl Cl Cl 
4 C Cs (Cl) C Cs(CI) c2 C2(CI) c2 c• 

s s I 
2 c2,c1 c2,c1 C2(C1)/C1 C2(C1)/CI Cs/1..1 C/CI C s<Cl)/CI Cz'CI 
3 C/C1 Cs(Cl)/CI Cs(Cl)/CI C s(Cll/CI C'/C s 1 C~<C1>JC1 C~(C1>1c1 C2(Cll/CI 
6 c3 c3 c3 c_ c3 c3 c3 c3 .:., 

5 c2v,c2 C2JC2> /Cs <Cl) c2sc~> /Cs C2JC~) /Cs (C 1) C2/C2 C2JCs)/C2(C1) C2JC2> /C2 c•,c• 
2 I 

9 C3h C3fiC3> C3h C3fiC3) c6 C6(C3> c6 c· 
3 

8 D, 
.:., D3 D3<C3l D3<C3> c3v · c3v C3JC3> D3 

7 c3v C3JC3> C3JC3> c3v C' 3v C3JC3> C3JC3> D3<C3> 
10 D3h D3fiD3> D3fiC3h) D3fiC3) c6v c6sc3v) c6sc6) o• 

3 

c• 
1 

c~-

C 
0 
N 
T 
I 
N 
u 
E 

l 

. 
c• 

3v 
Cl 
c•-

I 
C /C• s I 

Cs(Cl)/CI 

C, 
" ~•,c• 
s I 
c;-

c3v 

C3JC3> 

c;;-



Tab. A. 1" 

(A,A' >n No D4h D4h(D4) D4h (D2h) 

(D4h'C1) 16 1 Cl Cl Cl 

(D2h'C1l8 12 c2 c2 c2 
6 C Cs(C1) C 

rn4,c1 >0 
s s 

9 C. Ci (Cl) C. 
l l 

2 C(/C1 c2,c1 c2,c1 
3 c2,c1 c2,c1 C2(C1)/C1 

(D4h'C2l 8 4 C' /C C~<C1ltC1 C~ (C'1 l /Cl s 1 
5 C"/C s 1 C" (C l/C 

s 1 1 C"/C s 1 
15 D2 D2 D2 
17 D' 2 D' 2 D (C") 

2 2 
16 c2v c2v<C2> C· 2v 

<D2,C!l4 18 C' 2v czv (C2) C2v(C2l 
19 C2h C2h(C2> C2h 
13 c4 c4 C4(C2) 
14 s4 S4(C2) S4(C2) 
7 C "/C 2v s c2sc2> /C~Cl l C "/C 2v s 

<D4,C2) 4 8 c2~;cs c:zsc2>1c~c1) c;scsl/Cs 

10 c2h(Ci C2tlC2) /Cf Ct) c2h1ci 
11 c2;;1ci c2tlC2) /Cf cl) c2tlci > ;ci 
23 D4 D4 D4 (02) 
21 D2d • D2d <02) D2d <D2l 
20 02d o2d rn;> D2cj<C2~> 

(C2,C1)2 22 c4v c4v<C4> c4v<C2v> 
25 D2h D2h <02) D2h 
24 02ti Dzt)<D2> 02ti (C2h) 
26 C4h C4h<C4) C4h(C2h) 

(C1,C1) 1 27 D4h D4h <D4> D4h (D2h) 

Tab. A. 10 

<A,A' l n No D3 D3<C3> c3v C3JC3> 
<D3,C1)6 1 c

1 Cl Cl Cl 

<03,Ci> 3 2 Cz'Cl C2(C1)/C1 cs;c1 Cs(Cll/Cl 

(C2,Cll2 3 c
3 c3 c~ . ., c3 

(C1,C1) 1 4 D~ .., D3<C3> c3v C3JC3> 

6 

D4h(D2d) 

Cl 

c2 

Cs(C1) 

Ci (Cl) 

c2,c1 

C2(C1l/C1 

C' /C s 1 
C" (C l/C 

s 1 1 
D2 

D2 <C? 

c2v<C2> 

c2v 

C2h (C2) 

C4(C2l 

s4 
C"(C'l/C(C l 

2v 2 s 1 
CA(C")/C(C) 

2v s s 1 

c2tlC2) /Cf cl> 
C"(C"l/ClC l 

2H s 1 1 
D4 (02) 

D2d 
02d(S4) 

C4v(C2~) 

D2h (02) 

D2t1<C2~) 

C4h(S4) 

D4h(D2d) 

D4h(C4h) 

Cl 

c2 
C s 
C. 

l 

C2(C1)/C1 

C2(C1)/C1 

C~<C1ltC1 
C" (C l/C s 1 1 

D2(C2) 

D2(C2) 

c2sc2> 
C (C"l 

2v 2 

C2h 

c4 

s4 
C,_,(C )/C 
,VS S 

C·'(C l/C 
2v s s 

C2tlCi)/Ci 

c2tlci > ;ci 

D4<C4> 

D2JS4> 

D2JS4> 

C4JC4> 

D2tlC2hl 
02tlc2ti> 

C4h 

D4h(C4h) 

C 

0 

N 

T 

N 

u 
E 

'\. 

• I 

r 

C 

0 

N 

T 

N 

u 

E 

D 

Tab. A.12 (continue) 

<A,A' ln No D4h(C4V) o• 
4 o;d c• 

4v 

(D4h'C1 l 16 1 Cl Cl • Cl Cl 

(D2h'C!i8 12 c2 c2 c2 c2 
6 Cs(C1> Cl (Cl) Cl <Cl l Cl <Cl l 

<D4,C1)8 9 Ci (Cl) c• c• c• 
1 1 1 

2 C2 ' <C1ltC1 C2' /Cl C2'/C1 C '/C s 1 
3 c2"<C1)tC1 c211'c1 C "/C C "/C 

(D4h'C2l4 
s 1 s 1 

4 C '/C C2' <Cl) /Cl C2' (C1l/C1 Cs'(C!l/C1 s 1 
5 C "/C 

s 1 C2"<C1)/C! C "(C )/C 
s 1 1 

C "(C ) /C 
s 1 1 

15 D2(C2) D2 D2 c2v 
17 D2 <C? D ' 2 C ' 2v C ' 2v 
16 c2v D2<C2) D2(C2) c2v<C2> 

<D2,C1)4 18 C , Dz' (C2> C2~(C2l C.,' (C.,l 2v ~v ~ 

19 C2h(C2) c• 
2 

c• 
2 

c• 
2 

13 c4 c4 S4<C2> c4 
14 S4(C2l s4 s4 C4(C2) 
7 C"(C'l/C(C l 

2v s s 1 D2 (C2) /C2C1) D2 (C2)1C2C1) c2sc~> tc2c 1) 

<D4,C2) 4 
8 CA(C")/C(C l D2 (C2) /C2C1) c2sc;> tc2c 1) c2sc;> tc2c 1) 2v s s 1 

10 c2tlC~) /C~C!) c2•,c; c; ,c; c'•1c• 
s 1 

11 C' (C"l/C(C ) 
2ti s s 1 c2*1ci c• ,c• 

s 1 c0 *1c* s 1 
23 D4<C4) D4 D2d c4v 
21 D2d (C2~> D4 (02) D2d <02) c4v<C2) 
20 02d<C2) D4 (02) D2d(C2~) c4v<C2~> 

(C2,C1)2 22 c4v D4<C4> D2d<S4> c4v<C4> 
25 D2h <C2) o• 

2 
o• 

2 
c• 

2v 
24 02ti<C2~) D'" 

2 
C' • 

2v 
C' • 

2v 
26 C4h (C4l c• 

4 •S: c• 
4 

<c 1,c1> ! 27 D4h(C4Vl o• 
4 o;d c• 

4v 

7 



Tab. A. 14 

CA,A' )n No D6h D6fiD6l D6fiD3dl D6fiD3h) D6fic6hl 

CD6h'CI l 24 I Cl Cl Cl Cl Cl 
6 c2 c2 

. C2CCI) C2(Cll c2 

CD6,Cl)l2 9 C Cs(Cll Cs(Cil C C s s s 
12 C. Ci (Cl> C. Ci CCI) Ci CCI) l l 

2 C~/Ct ClC1 c2tc1 c2tc1 c2 cc1>tc1 

CD6h'Cz' 12 
4 cz,c1 C2/CI C2(Cll/CI C2(Cll/C1 C2 CCI l /Cl 
3 C'/C C~CC1>tC1 C~(Cl)/CI C' /C C~CC1ltc1 s 1 s 1 
5 C"/C s 1 C" <C l/C s 1 1 C"/C s I C" CC l/C s 1 I 

C" (C )/C 
s I I 

(C2h'Cll8 17 c3 c3 c3 c3 c3 

CD3,CI l 6 15 C2h C2KC2l c2Kci > c2Kcs> C2h 

7 D2/C2 D2/C2 D2 cc;> /C2 (Cl) D2 cc;> /C2 (Cl) D2CC2l/C2 

8 C2v/C2 C2JC2l/C2 c2sc;>tC2 <c 1> C2JC;> /C2 (Cl l C2JC2l/C2 

CD6,C2)6 
10 C' /C c2sc2> /Cs (Cl) C2JC2l /Cs (Cl) C' /C CzJCsl/Cs 2v s 2v s 
11 C" /C C" CC"l /C <C ) C" (C"l/C (C ) C" CC l/C C" CC l/C 2v s 2v 2 s I 2v s s 1 2v s s 2v s s 
13 C2h/Ci c;fic2) /Ci (Cl) C2h/Ci c;fic2l/Ci (Cl) c;fici>tci 
14 c:zh1ci C2fiC2l /Ci CCI) c2Kci > ;ci C"CC")/C. (C l 

2ti s 1 1 C2fiCi)/Ci 
18 c6 Cb C6CC3) .C6 CC3) c6 
19 C3h c3fic3> c3fic3> C3h C3h 
24 s6 S6CC3) s6 S6CC3l s6 

CD2,C1)4 20 D3 D3 D3 D3 D3<C3) 

22 D' 3 D' 3 D3<C3> D3<C3> D3<C3> 
21 c3v C3JC3> C3JC3> C3JC3> C3JC3) 
23 C.'.. C3JC3) C' C' c:,,sc3) ;;y 3v 3v 

co_,c,,,_ 16 D2h/C2h D2KD2) /C2KC2) 02t\c2hl/c2Kci > 02t\c2v> 1C2t\Csl 02t\c2h > ;c2h .., ~ .., 
31 C6h c6fic6> C6fl86> c6fic3h> C6h 
28 D6 D6 D6 <D3> D6 (03) D6CC6l 
26 D3d D3dD3> D3d D3dD3) D3d86) 

(C2,Cll2 25 D3d 03dD3) D3d86) o:,,dc3v> D3d86) 
30 D3h D3fiD3> D3fiD3> D3h D3fiC3hl 
29 D3h D3fiD3> o:,,fic3v> o:,,Kc3h> D3fiC3h) 
27 c6v C6JC6) C6JC3) c6sc3v) C6JC6l 

CCI ,Cl) I 32 D6h D6fiD°'l D6KD3d) D6fiD3hl D6fiC6hl 

8 

C 

0 

N 

T 

N 

u 
E 

l 

I 

C 

0 

N 

T 

N 

u 
E 

D 

Tab. A·. 14 (continue) 

CA,A'l 
n 

No D6fiC6) 

CD6h'CI l 24 I Cl 
6 c2 

(06' Cl l 12 9 Cs CC 1) 

12 Ci (Cl> 

2 c2 cc1>tc1 
4 c2 cc1JtC1 (D6h'C2)12 
3 C' /C s I 
5 C"/C s I 

<C2h'Cll8 17 c3 

(D3,C1>6 15 C2fiC2l 

7 o2 cc2)tC
2 

8 C2/C2 

<D6,C2l6 
10 C' CC"l/C CC ) 2v s s I 
II C2JCs)/Cs(CI) 

13 c;t\c~)/Ci (Cl) 

14 C"(C")/C. CC l 2ti s 1 I 
18 Cb 
19 C3fiC3l 
24 S6CC3l 

CD2,Cll4 20 o_<c_, .., .., 
22 D3<C3> 
21 c_ 

;;y 

23 C' 
3v 

CD3,C2)3 16 02t\C2) /C2fiC2) 
31 C6fiC6i 
28 . D6 CC6) 

26 03dc:,,i 
(C2,C1)2 25 D3dC3) 

30 03Kc3v> 
29 o:,,fic3v> 
27 c6v 

CCI ,Cl) I 32 D6fiC6) 

o• 
6 

Cl 

c2 

C2CCI l 
c• 

I 
c2tc1 
C?C1 

C2 CCI l /Cl 
c

2
cc

1
,ic

1 
C 3 
c• 

2 

D2/C2 

D2ff2)/C2 
o

2 
cc

2
)1c

2 
cc

1 
> 

D2cc;>tC2(CI) 

c;•;c~ 
c2•1c~ 

Cb 

Cb CC3) 
c• 

3 
D3 
D' 

.;, 

D3<C3> 
o3 cc3> 

0;1c; 
c· 

6 
D6 
o• 

3 
D' • 

3 
D6 <D3> 

D6 (03) 

D6 CC6) 
o• 

6 

9 

o;h c• 
6v o;d 

Cl Cl Cl 
C c2 C. s l 

Cs CCI) C2CCIJ Ci (Cll 
c• 

I 
c• 

I 
c• 

I 
C(/C 1 C'/C s I c2tc1 
C' /C s I C"/C s I C' /C 

s I 
c;<cl)/CI C~CC1ltC1 c2 cc1>tc1 
C~CC1JtC1 

C" (C l/C 
s I I C~<C1JtC1 

c3 c3 c3 
c• c• c~-.--

s 2 l 

C2/Cs C2/C2 C2h/Ci 
C' CC >IC ' C.,CC.,)IC., C2fiCi)/Ci 2v s s """v""" """ 
C' CC' l/C (C l 

2v 2 s 1 C2JC~) ~c2 CC1) c2t\c2> ;ci cc!> 

c2sc~> /Cs CCI) c2sc;l/c2 cc1) c2fiCs)/Ci (Cl) 

c2•1c; c••;c• 
s I c;,c; 

c 11 •1c• 
s I 

c 11 •1c• 
s 1 

c•;c• 
s I 

C3h Cb s6 

c3fic3> C6CC3> S6CC3l 
c• 

3 
c• 

3 
c• 

3 
D3 c_ D3 ;:,y 

c_ .;,v Cc. 
;:,y c3v 

D3(C3l C3JC3> D3<C3> 

C3JC3> c3sc3) C3JC3) 
c•7c• 
2v s 

c*7c* 
2v 2 c;h1c;-

c;h c• 
6 

s•-
6 

D3h c6v D3d 
o• 

3 
c• 

3v 
o• 

3 
c: ,;_,y 

C' • 
3v 

c• 
3v 

D3KD3) C6JC3) D3,f3) 

D3~C3) c6sc:,,v> D3dD3) 

D3fiC3h) C6JC6) D3d86) 

o;h c• 
6v 

o•-
3d 



A.1-A.1B. There can be found the necessary information for 

constructing the complete three-terms symbol for all permutational 

magnetic point groups and the respective representations o~'. Most 

of the groups ( 115) are distributed in 1B classes of isomorphic 

groups. The remaining 7 centrosymmetrical grey groups are in 7 

separate classes and are given in Ref.14. 

In each isomorphic class the PMPG are split also to 

chromomorphic classes The symbol 

is in the first column,while the 

G<G) are in the title row of the 
0 

there are situated th~ symbols 

of the chromomorphic class <A,A'ln 

symbols of the magnetic groups 

table. Below each symbol G(G
0

) 

of the corresponding subgroups 

H' <H~l and H <H
0

> = Core H' <H~) separated with a slash H' CH~> /H <H
0

l. 

In the case of invariant subgroup H' (H~l = H<H
0

) there stands only 

one symbol. These data are enough for building the complete 

three-terms or 2-terms symbol 

G(G )/H' (H'l/H(H l 
0 0 0 

<A,A' >n , or G(G )/H(H l 
O 0 

<A,A' l n. (4) 

As an.illustration, we fetch from the last column of Tab.A.14, 

and write down a part of the symbols of the PMPG isostructural to 
~ 

03d = 03d x e: 

" D3d/D3d 

* 03d1c2h1ci 

<C2,C1>2 

<03, C2> 3 

k 
D3d/D3d (03) 

.,t . 

D3d/C2h<Cil/Ci 

<C2,C1>2 

<D6,C2> 6 
(5) 

The numbers in the second column (below 'No') are, particularly 

important. These are the nL1mbers of the 
H' representations 06 , which are collected 

respective permutational 

in tables1211 <noted by C. 

- in our example it will be Tab. C.14). In these H' tables 06 stands 

under the same No as that,which stands near the symbol of the group 

H' in A.-tables. 

In conclusion we must clearly say that, for the 32 colourless 

magnetic groups, coinciding with the common point groups, the whole 

information given here is published in Ref,6,9. For the black-and

white and grey groups the classification of the subgroups in 

classes of 'exomorphism' (coinciding with the classification of 

the colour groups on chromomorphic classes) is published for the 

first time in Ref.15, < different criteria of equivalence had been 

chosen). The most essential difference between the present work and 

10 



.... .... 

Tab. A.11 

(A,A') 
n 

(D4,C1>8 

(D2,Cl) 4 

<D4,c2>4 

(C2,C1)1 

<Cl ,Cl) 1 

Tab. A.16 

(A,A') n 

(Th,C!l24 

(T,C1)12 

(Th,C2)12 

(Th,Cs) 12 

(Th,C.3)8 

(C6,C1)6 

<T,C2) 6 

(Th,C2) 6 

tT, C3) 4 

(C3,C1)3 

(C2,C1)2 

(Cl ,Cl> 1 

No D4 D2d D4 (D2) D2JD2> 
1 c 1 Cl Cl Cl 
4 c2 c2 c2 c~ 

" 2 c21c 1 
c2;c1 C~/Cl C2/C1 

3 c::vc1 C2/C1 c;ic1 > 1c1 Cs (Cl) /Cl 

6 D2 D2 D2 D2 

5 02 c2v D2<C2> C.,\C.,> 
LV L 

7 c4 54 C4<C2> 54(C2) 

8 D4 D2d D4 (D2) D2dD2> 

No Th T" Th (T) 

1 Cl Cl Cl 
6 C. . c• Ci (Cl) 

l 1 
2 C2/Cl c

2
;c

1 c21c1 
3 Cs/Cl c

2
tc1)tC1 Cs<C1>tC1 

4 C3/C1 c
3
;c

1 ClC1 
9 D2 D2 D2 

7 C2h/Ci c;tc1 C2~C2)/Ci <Cl) 

5 c2v/Cl D2(C2)/C1 c2sc2>tc1 
8 56/Ci c;1c1 56(C3)/C1 

11 D2h o• 
2 D2~D2) 

10 T T T 

12 Th T" Th (T) 

c4v D4(C4) C4JC4> D2J54) C4JC2vl D2JC2v> 

Cl Cl Cl Cl Cl Cl 

c2 c2 c2 c2 c2 c2 

Cs/Cl c2tc1>1c1 Cstc1>JC1 c2<c 1>1ci Cs/Cl c21c1 
C'/C s 1 c2 tc1>tc1 C~tC1)tC1 CstC1)tC1 C~<C1)IC1 C'/C s 1 
c2v D2<C2> C.,tC.,l 

LV L 
D2(C2) c2v c., 

LV 
C' D2(C2l C2JC2l C.,(C.,> c2v<C2> D2<C2) 2v LV 4 

c4 c4 c4. 54 C4<C2l S4(C2> 

c4v D4 <C4l C4JC4> 02a54) C4JC2) 02aC2) 

Tab. A, 17 

(A,A') No 0 O<T> Td Td (T) n 

to, Cl) 24 1 Cl Cl Cl Cl 

to, C2) 12 2 c2;c
1 C2/C1 c2;c1 c

2
;c1 

w,c;> 12 3 cz1c1 c2<c 1>tc1 C/C1 CstC 1)tC1 
to,C3>8 4 c3;c

1 
c3;c

1 clc1 clc1 

(D3,C!)6 8 D2 D2 D2 D2 
to, C4) 6 6 c4tc

1 
C4 <c2>tc

1 5ic1 54(C2)/C1 

to, o;> 6 5 o21c1 o2<c2>tc1 C2/C1 c 2sc2>tC1 
to, D3) 4 7 o3tc1 

D
3

(C
3

Jtc
1 C3/C1 C3JC3)/Cl 

(D3,C2)3 9 0410
2 D4 (D2) /D2 D2d 1D2 D2dD2) /D2 

(C2,C1)2 10 T T T T 

(Cl' Cl) 1 11 0 O<T> Td Td(Tl 



Tab. A. 18 

<A,A')
0 

No Oh Oh (0) Oh (Th) 

(Oh,CI) 48 I Cl Cl Cl 

<0,Cl)24 17 C. Ci (Cl) C. 
1 1 

<Oh,C2) 24 2 C2/C1 C2/C1 C2/C1 

(Oh,Cs) 24 3 Cs/Cl Cs(C1)/C1 Cs/Cl 

<Oh,C2)24 
4 c2;c

1 c;;c1 c;<cl)/Cl 

5 C'/C C~<C1>tc1 C~<C1)tC1 s I 
(Oh,C3) 16 6 C3/CI C3/C1 C3/C1 

<D6,C1) 12 24 D2 D2 D2 

(0, C2) 12 18 c2h/Ci C2AC2) /Ci <Cl) C2h/Ci 

rn, c_;> 12 19 c2h;ci c;t\c;> /Ci (Cl) c;Aci>1ci 

(Oh,C4) 12 
8 C4/C1 C4/C1 C4(C2)/C1 

9 S4/Cl S4(C2)/C1 S4(C2)/C1 

<Oh.c2v>12 7 c2v/C1 C2JC2)/Cl c2v1c1 

(Oh,D2>12 
10 o21c1 o21c1 o2<c2>tc1 
11 C2/C1 C2JC2)/C! C2JC2)/Cl 

<Dh.c2v> 12 12 C" /C 
2v 1 

C" (C' )/C 
2v 2 1 

C" (C ) /C 
2v s 1 

(O,C3) 8 20 S6/Ci S6 (C3) /Ci (Cl) S6/Ci 

(Oh' D3> 8 
13 D3tc1 D3/Cl D3_ (C3) /Cl 

14 c3v1c1 C3JC3)/C! C3JC3)/C! 

<D3,C1>6 27 D2h 02i\02> D2h 

<D6,C2) 6 
25 _D4/D2 D4/D2 D4 (D2) /D2 

26 D2d/D2 D2dD2l/D2 D2dD2)/D2 

(0, C4) 6 21 C4h/Ci c4Ac4> ;ci !C1 > c4Ac2h>tci 

( □ ,D2)6 22 D2h/Ci D2AD2> /Ci (Cl) o;t\c2h>1ci 

(Oh,c4v>6 
15 c4v1c1 C4JC4)/Cl C4JC2) /Cl 
16 D2d/C1 D26D2)/C! D2dC2) /Cl 

(D2,C1)4 29 T T T 

<o,D3>4 23 D3d 1Ci D3JD3 > /Ci (Cl) D3d 86) /Ci 

(D3•c2>3 28 D4h1D2h D 4J\D 4) /D2JID2) D4flD2h)/D2h 
32 Th Th <Tl Th 
31 0 0 O(T) 

(C2,C1)2 
30 Td Td (T) Td(T) 

<Cl ,C!J 1 33 Oh Oh <o> Oh (Th) 

12 

Oh <T d) o• 

Cl Cl 

Ci (Cl) c• 
1 

C2/C1 cic1 

Cs(Cl)/CI C2(Cl)/C1 

c2 <c 1>tc1 c2;c1 
C'/C s 1 c2 <c 1>tc1 
C3/C1 C3/C1 

D2 D2 

c2i\c2> ;ci <c1 > c;7l:i 

c2Ac~>tci !c1> c; •71:i 

C4(C2)/C1 C4/C1 

S4/Cl C4(C2)/C1 

C2JC2)/Cl D2(C2)/C1 

D2<c2>tc1 o2;c1 
c;v1c1 o2 <c2>tc1 

C" (C' )/C 2v s 1 o2 <c2>tc1 
S6(C3)/Ci (Cl) c;7c; 
D3(C3)/C1 D3/Cl 

C3v/C1 D3(C3)/C1 

02i\02> o• 
2 

D4 (D2) /D2 D4/D2 

D2/D2 D4 (D2) /D2 

c4A84> ;ci <C1 > c:71:i 
02i\c2v> /Ci !Cl> o; •71;;: 
C4JC2) /Cl D4<C4)/Cl 

D2dS4)/C1 D
4 

rn
2

> /C
1 

T T 

D3dC3) /Ci (Cl) o;7cr 
04i\02d)/D2Jl02> D4i'D:z 

Th <Tl T• 

' O<T> 0 

Td O<T> 

Oh <T d) o-

T• 
d 

Cl 
c•-

1 
C2/C1 

C2(C1)/C1 

Cs/Cl 

Cs(Cl)/Cl 

C3/C1 

D2 
~;71:i-
~*7c•-

s 1 
S4/Cl 

S4<C2)/Cl 

D2(C2)/C1 

c2v1c1 

C2JC2)/Cl 

C2JCs)/Cl 

~;71:i-

c3v1c1 

C3JC3)/Cl 
o•-

2 
D2d/D2 

02d02> I02 
~471:i-
---r•7c•-

2v 1 
D2dS4)/C1 

D2dC2v)/C1 
T 

~•7c• 
3v 1 

'--o;d10; 
, T*-

Td 

Td(T) 
T•-
d 

Ref.15 is that the list of subgroups here is only an intermediate 

step in the construction of the colour groups, i.e. in addition for 

each subgroup H c G is given also the transitive permutational 
H' . 

representation DG , and the core of the subgroups Core H'. (The 

separation of the o~• is due to a technical reasons.> And finally we 

would point out that_ the computer derivation of all subgroups rises 

the reliability of the results as well as their efficiency and 

applicability, 

The examples of applications of the permutational magnetic 

groups and their representations are considered in Ref.14. 
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Kou;eB 8.H., UoHeB C,C. 
IIepecTaHOBOttHble. MarHHTHble TOttettHble rpYIIIIbl 

H I-tlC IIPHMeHeHHe B TeopHH cpa90Bb!X 

rrepexogoB JlaHgay 

T a6nHIJ;bI rpyrrrr 

Ha OCHOBe pa9pa60TaHHoro anropHTMa C IIOMO~bID MHKpo

KOMIIbIDTepa Bb!BegeHbl H Ta6y.impoBaHbl Bee, rrepecTaHOBOttHbJe 

MarHHTHb!e TOttettHble rPYIIIIbl. Ta6nHIJ;bl MoryT 6b!Tb IIPHMeHeHbl 

B CHMMeTpHHHOM aHanH9e MarHHTHb!X cpa90Bb!X rrepeXOAOB B PaM

K_ax TeOpHH JlaHgay. 

Pa6oTa BblIIOnHeHa B Jla6opaTOpHH TeopeTHtteCKOH cpH9HKH 

arum. 

Coo611.teeHe 06'Le,lUUleHHoro Hacnnyra .RAepehlX HCC;JleAOBaHHH. }ly6!1a ·1990 

Kotzev J.N., Tzonev S.S. El?-90-388 
Permutational Magnetic Point Groups 
and Their Application in the Landau Theory 
of Phase Transitions 
Complete List of Groups 

An algorithm has been proposed and applied for deri
ving and tabulating all permutational magnetic point 
groups. The tables might be implemented in the analysis, 
of magnetic phase transitions _in crystalls. 

The investigation has been performed at the Laboratory 
of Theo~etical Physics, JINR.' 
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