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L Introduction 

The present article is the last of a series of articles11 • 21 

devoted to the study of a new type of' colour crystallographic 

.qt-oups .- the permutational magnetic groups. The results and the 

content of the tables should be used together with the tables from 

f<ef. 1, 2.' 

The construction of the transitive permutational repre-

sentations is a basic stage in the construction of the colour 

pm-mutational groups. Het-e we have implemented mainly the method 

proposed by Van-der-Waerden, which'is more convenient for comput-r 

calculations. As an alternative method we used the algorithm, based 

on the theory of induced representations14 • 51 .This is possible, 
H' because every transitive permut,,t ional representation 0
6 

, generated 

by the subgroup H' c G, is equivalent to that representation, 

induced by the trivial one - D~, of the subgroup H' c G. The 

pur-pose of our work was to obtain colour groups and representa

tions, useful for symmetry analysis of magnetic phase transitions 

(basing on our previous works/b-lO/). 

2. Construction of the transitive representations 

A specific program has been de5igned in Turbo Pascal 5.0 for 

microcomputer IBM-PC in order to construct the transitive represen-

tations of all 122 magnetic point groups Each of the groups G is 

decomposed to left cosets with respect to fixed group H' a 

representative of a class of conjugated subgroups Permutation of 

the left co-classes under the action from the left side by g E G 
H' models the required permutations 06 Cg).We obtained 1997 nonequiva-

lent permutational representations for the 122 magnetic point 

groups, and we classified them into 

(Ref.1). The representations are 

components using their characters: 

·70 H' images Im D6 = CA,A'ln 

decomposed to it"red!,!cible 

( 1) 



As the 122 magnetic point groups are isomorphic to 25 abstt-act 

groups, it -fol lows that there e:-:ist 25 sets o-f irreducible repn,-
. H' 

sentations Di and the same number o-f D
6 

. In tables C. 1-25 all 

permutational representations are identi-Fied through the number o-f 

the table and a speci-fic row number (-for 
D 

means D 
6 

I. The ordered by isomorphism qroups and 
D6h 

£?>:amp i e C.14-28 

subgt-aups have 

the same number and constitute the symbol o-f the permutational 

colour group ~n Re-F.2 (-for e:-:ample A~14-28 means not only D
6

h/D
6 

but also through an isomorphism <see Tab. A.14 in Re-f.21 

D6 hiD3 dl/D6 <D3 >; D6 :-:9/D6 , D3 d:-:9/D3 d, D
6

h1c
6

vl/D
6

1c
6

1, etc. For the 

sake. o-f brie-fness there are presented just the subgroups o-f only 

one representative o-f a class o-f isomorphic groups "in the -first 

column, and the notation o-f the ii-reps is related to the leading 

group representative. In tables C.19-25 are shown the rept-esenta

tions o-f the 7 centrosymmetrical grey groups, which have no more 

than one representative. The number o-f the cht-omomorphic class, in 

which they -fall according to Table 1 in Re-f.1., is placed -for those 

groups in the column 'No cl'. 

In tables C.1-25 the zeros are replaced with points, and the 

numbers present the nonzero values - the multiplicities o-f a -fined 

ii-rep oi in the decomposition o-f o~• (Eq. (111. 

3.Application to the Landau's Theory 

As it was shown -for the -first time -From Birman111 • 121 , in a 

phase transition with a symmetry breaking G --+ H·' c G the c1ctive 

symmett-y breaking_. in-ep oi must satis-fy the subduction. critet-ion 

mi I D~, l ., 0. Fr.om the Frobenius Reciprocity Theorem -fol lows, that 

DGj is one o-f the irreps, contained in a representation J . 

induced -from the trivial one D~, o-f H' (the same result 

in Re-f.7-10,13). As D~,TG ~ D~•, the role o-f the tabulated 

o-f G, / 

is used j 
repre-

sent~tions -for analysis o-f magnetic phase transitions is obvious. 

More pro-Found results can be obtained with the help o-f colour 
/7-10/ groups 

As a speciTic test we shall discuss a classical example 

magnetic phase transitions in a crystal aFe2□3 • 

2 

i 

Tab. C.1 

IYfrJ 
~ 

Tab. C.2 

i c.,, No 
r. 

' - 12 

j c
1 l 1! 

I C 2 1. 
I 2 

Tab. C.3 Tab. C.4 

S-' No r. 
123 C4/ No r. 

1234 

Cl 1 111 Cl 1 1111 

c3 2 1 •• c2 2 1!-· 

3 !•·· 
Tab C.5 - Tab C.6 .. 

c4 

Cb/ No r. 
12345!> 

Cl 1 1111!.! 

c2 2 1!.!-·· 

c3 3 1--!·· 

Cb 4 1 ••••• 

c4ti1 No r.g r.u 
1234 1234 

Cl 1 1111 1111 

c2 2 11 •• 11 •• 

C 3 11 •• • • 11 
s --

C. 4 1111 .... 
l --

s4 5 1 ••• • 1 •• 

c4 6 1 ••• 1 ••• 

Tab. C.B 

D2/ No r • 
1234 

Cl . 1 1111 

. c; 2 1 •• 1 

c2 3 1-!-

C" 4 1!-. 2 
D2 5 !· •• 

C2h 7 11 •• z 
C2=C2 

C4h B 1 ••• . ... C'=Cx C"=Cy 
2 2 2 2 

Tab. C.7 Tab. C.9 

C6h1 No r.o I r.u 
123456 123456 D2h1 No 

r.g r.u 
1234 1234 

Cl 1 111111 111111 Cl 1 1111 1111 

C 2 1. 11 •• • l •• 11 C. 2 1111 
s - l 

c2 3 1.11 •• 1.11 •• C" 2 3 u .. 11 •• 

C. 4 111111 ...... 
l - c2 4 1. 1. 1. 1. 

c3 5 11 •••• 11 •••• C' 2 5 1 •• 1 1 •• 1 

C2h 6 1.g •• C" 6 11 •• •• 11 s 

C3h 7 1 ••••• ·!···· C 7 1. 1 • • 1.1 s 
Cb B 1 ••••• !····· C' B 1 •• 1 1 •• 1 s 
s6 9 1!-•·· ...... C' 2v 9 1 ••• ••• 1 

C6h 10 1 ••••• . . -... c2v 10 1 ••• • • 1. 

Tab. C. 11 
C" 2v 11 1. •• •!•. 

D4/ No r. 
12345 

Cl 1 1111~ 

Ci/Cl 2 1-1-! 

C2/C1 3 1. -1! 

c;- 4 1111. 

o· 5 1 •• 1. 
2 

D2 12 1 ••• 1 ••• 

Cih 13 1. -! 

C2h 14 1. 1. 

C" 15 1!-· 2h 
02h 16 !••· 

C =Cz C'=Cx C"=Cv 
2 2 2 2 2 2 

D2 6 1-!-. 

c4 7 1!-·· 

D4 B !•••• 

.3 

Tab. c.12 

•D4h1 No r.g r.u 
12345 12345 

Cl 1 11112 11112 

Ci/Cl 2 1.1.1 1. 1. 1 

C2/C1 3 1 •• 11 1 •• 11 

C'/C 
s 1 4 1.1.1 • 1.11 

C"/C s 1 5 1 •• 11 .11.1 

C 6 1111. • ••• 2 s -
C "/C 2v s 7 1. 1 •• • •• -! 

C "/C 2v s B 1 •• 1 • • • • • ! 
C. 9 11112 ..... 

l -
c2ti1c1 10 1. 1-! ..... 
c2h1ci 11 1 •• 11 ..... 

c2 12 1111. 1111. 

c4 13 11 ••• 11 ••• 

s4 14 11 ••• • • 11. 

D2 15 1.1 •• 1. r •• 

c2v 16 1. 1 •• • 1 .1. 

D' 2 17 1 •• 1. 1 •• 1. 
C , 

· 2v 18 1 •• 1. • 11 •• 

C2h 19 1111. . .... 
Did 20 1 •••• • • • !· 

D2d 21 1 •••• • -. 1 •• 

c4v 22 1 •••• ·!··· 

D4 23 1 •••• !••·· 

D2h 24 1 •• !· ..... 
D2h 25 1. !·. . .... 
C4h· 26 1 !· •• . .... 
D4h 27 !••·· ..... 

Tab. c.10 

D3/ No r. 
123 

Cl 1 112 

C2/C1 2 1-! 

r-c;- 3 11. 

D3 4 !- • 



Tab. C.13 Tab. C.14 

D6/ No 
r. 

123456 D6h / No r.q 
123456 

Cl 1 11112£ 

c
2
,c

1 
2 1.1.1! 

c2,c1 3 1 •• 111 

c2 4 11 •• 2. 

o2,c2 5 1 •• ·!· 

c3 6 1111 •• 

D' 7 1 •• 1 •• 
3 

D3 8 1·!··· 

c6 9 1!···· 

Cl 1 111122 

c
2
tc

1 
2 1.1.11 

C'/C 3 1. 1. 11 
s 1 

C2/C1 4 1 •• 111 

C"/C 5 1 •• 111 
s 1 

c2 6 11 ••• 2 

D2/C2 7 1 •••• 1 

C2/C2 8 1 •••• 1 

C 9 11 ••• 2 

D6 10 !····· 
s 

C' /C 10 1. -· .1 2v s 
C'=Cy 

2 2 
C"=Cx 

2 2 
C" /C 

2v s 11 1 •••• 1 

Tab. C.16 
C. 12 111122 

1 -
Th/ No r.g r.u 

1234 1234 

C2h/Ci 13 1.1.!1 

C2h/Ci 14 1 •• 1!1 

Cl 1 1113 1113 C2h 15 11 •• ·£ 

C2/C1 2 1111 1111 D2h/C2h 16 1 •••• ! 

Cs/Cl 3 1111 ••• 2 c3 17 1111 •• 

C3/Cl 4 1. .1 1 •• 1 c6 18 11 •••• 

c2v1c1 5 111 • • • • 1 C3h 19 11 •••• 

C. 6 1113 .... 
1 - D3 20 1. 1 ••• 

C2h1Ci 7 111! .... c3v 21 1. 1 ••• 

56/Ci 8 1 •• 1 .... D' 
3 22 1 •• 1 •• 

D2 9 111. 111. C' 
3v 

23 1 •• 1 •• 

T 10 1. •• .... 56 24 1111 •• 

D2h 11 1!!. . ... 
~3d 

25 1 ••••• 

Th 12 1. •• . - D3d 26 1 ••••• 

Tab. C.15 

T/ No r. 
1234 

c6v 27 1 ••••• 

D6 28 1 ••••• 

D3h 29 1 •• !·. 

Cl 1 111~ 

C2/C1 2 111! 

C3/Cl 3 1 •• ! 

D3h 30 1. 1 ••• 

C6h 31 1! •••• 

D6h 32 1 ••••• 

>--
D2 4 11: 1. 

T 5 !·•· 

Tab. C.18 

r.u 
123456 

Oh/ No r.ci 
12345 

111122 Cl 1 _11233 

1. 1.11 C2/C1 2 11211 

.1.111 Cs/Cl 3 11211 

1 •• 111 c
2

1c
1 

4 1.112 

.11.11 C~/C1 
5 1.112 

11 ••• 2 C3/Cl 6 11.11 

1 ••• ·! C2/C1 7 112 •• 

.1 •• ·! C4/C1 8 1.11. 

•• 112. - 54/Cl 9 1.11 • 

•• 1.1. D
2
tc

1 
10 1.1.1 

••• 1!. c 2/c1 
11 1.1.1 

...... c2v1c1 12 1.1.1 

...... D3/Cl 13 ·1 ••• 1 

...... C3/C1 14 1· ••• 1 

...... C4v/Cl 15 1.1 •• 

...... D2d/C1 16 1. 1 •• 

1111 •• C. 17 11233 
1 -

11 •••• C2h/Ci' 18 11211 

• • 11 •• C2h/Ci 19 1.112 

1. 1 ••• 56/Ci 20 11.11 

• 1. 1 •• c4h,ci 21 1.1!. 

1 •• 1 •• D2h/Ci 22 1.1. 1 

• 11. •• D3d/Ci 23 1 ••• 1 

. ..... D2 24 112:. 

• •• 1 •• D4/D2 25 1.1 .• 

• • 1 ••• D2d/D2 26 1.1 •• 

• !· ••• D2h 27 11£ •• 

!-- • •'• D4h1D2h 28 1.! •• 

. ..... T 29 11 ••• 

. ..... Td 30 1 .•.. 

. ..... 0 31 1 •..• 

. ..... Th 32 1! ••. 

Oh 33 1 •••• -

4 

r.u 
12345 

11233 

11211 
~~ . --~, 

1.112 

.1121 

11.11 

• • • 11 

1.11. 

• 11.1 

1. 1.1 

.111. 

••• 11 

1. •• 1 

• 1. 1. 

• •• 1. 

· •••• 1 

..... 

..... 

..... 

..... 

. .... 

..... 

..... 
11£•· 

1.1 •• 

• 1!•• 

. .... 

. .... 
11 ••• 

• 1 ••• 

1 •.•• 

. .... 

. .... 

Tdb. C.19 Tab. C.:W 

!Noi c~~: 11·+·+·-1·-,;;. ii+ i+ •·- ·-1 
Mo r.Q r.ul r.Q r.u! INo!C!,h /. Hlo! r.ci I r.u ! r.ci I r.u 
cl 123-l 1234 123'1• 123l cl 123456 123•1:';;61123456• 123~561 

I 1i c
1 

i,6l1111i1111 11iil1111j I 1 c 1 i11l111111l111111l111111l1111i1I 

1 2 I c
2 

I 91 11 •• I 11. • 11 •• I 11 •• i 1 2 i c2 I .7 j 1. 1 ~ •• 1 1. 11 •• I t. 11 •• l 1. u. · 1 
I 31 c.,<c

1
> I 6111 •• 111 •••• 111..!li I 3j c,,<c

1
ii -!t.11 •• 11.11 •• 1.1.;ul.1 •• 11 

1 1 ~ ·1 , , 1 1 , , , , 1 ~ 1 .,.I , 1 , 1 
I 4I cs 6

1
11 •••• 11 111 •• 

1 
•• 11 1 i -1, c

5
• i • 11.11 ••• 1 •• 11i1.11 •• 1 ••• ~11 1 

isl c ·cc
1

, i 6111 •••• 111..11111 •• i isl c !C
1

>i 7'1.11. •• 1 •• 111.1 •• 1111.11 •• i 
• • s I . I . . . I s . I • • • ! 61 Ci(Cl) I 611111 •••••••• 111111 I !,I Ci(C1>l 7j111111 ···:··i······l111111I 

I 71 c. I 611111 •••• 11111 •••• i i 7i c. I 7!11i111 •••••• !t11111i •••••• i 
' I 1 I I I ; i I 1 i : . : . • I I a1 c; 6 11111 1111 ····i····l; 8j c; i 11111111 111111:;······l······i 
. I I I • ' . . . . ' . I ! 9 c4 8 L •• 1 ••• 1 ••• 1. •• 1 ! "I c_ I 9I11 •••• 111 •••• pt .... 111 •••• 
i i i i ' i _i ';j , i i I • I i 
1101 c

4
cc

2
> sl1 ••• 1 •••• 1 •• 1.1 •• i 11u 1 c:Kc~, i s11.11 •• !······!······!·1··!!j . 'I I • • • • • I I I • 

111 5 
4 

B 1 • • • • 1 • • 1 ••• , • 1 .. ! j1 11 C2J c2 ) ! 511 • 11. • i •••••• ! ... • .. j 1. _1_! • • ! 
, • I 1 1 • • , • I 1· • 1 
1121 5

4
<c~> s 1 •••• 1 ••• 1 ••• 

1
1 ••• 

1 
1121 c~h(c. 1 ;1 511.1! ••••••••• 1 •• 111 •••••• , 

i i - I . . . i •1 -
1 

• i i i , --i 
1
13

1
c,,hcc > 4 111 •••••••••• t •• !!! ;13 c~h I s;1.11 •• 1 •••••• 11.!!. i······ 

. I - s I I i • ~ I ' • • , !1·1 c~h{C2) B 11 •• 1···· ····111 •• , :Mi c= i 5j1.11..!.1-.:1!······'······ 
I I - I I . ; I • ; • . • I I I 
11s1c,,hcc.> 4 111 •••••••• 111 •••• 1 psi c., 1 s11.11 ••. 11.11 •• i·······,······ 
f f ' 1 · i u-i i i i ; : ~ i I •-- i 

116 I c2h 8 I 11 • • I···· 11 • • I···· i I 1=, i ci i 5 i 1111 !! ! • • • • • • ! · • · · · · ! • · · · · · 
. . • I I I I I . I . . I I I I 1171 C 4 11 •••• 11 •••• •••• 17 C

6 
I 9 1 ••••• 1•1 ••••• •11 ••••• •11 ••••• 

i I : I I -- I i I I i I · . · 
110 c2 0111 •• 111 •• ····1····j 1101 Ci,(C3)j s,1. •••• 1 ••••• !.l··••!•1 •••• 

I . • I I I . . . . . . . I I 19 C. 4 1111 • • • • • • • • • ••• I 1191 C_h I 811..... • 1 •••• , 1 ••••• 1•. 1 •••• 
I 1 I --1 · I . I i I ;;, i · I - , 
120 c:'lh(54) 2 1 ••••••••••• 1·!·· j j20 c3~C3) i Bjl •••••• 1 •••• !·l··~· 11 ••••• 

121 c
4
h<c

1
> 2 1 •••• ~ •• l ••• _.l!···i l21 5 6 <c3 , 1 s 11 •••• ······i······i11 •••• I 22 c 

4
h < c

2
h > 2 1. • • • ••• I . ! : • I .... l I 22 · 5:, i a 11 ••••••••••• ! 11 •••• _ I ...... I 

j 23 c 
4

h 2 1. • • • ••• I!· •• I. ... I : I 23 c; 1 
3 11 •••• j 11. ~. • l · .... • I· .... • I 

I 24 : 5; 2 I 1. • . • !. . : ~.. . • ... 1 ! 24 1 c~ 3 i 1. !!. · . i •••••• I •••••• i' ..... I • 
125 .c~ 211 ••• !··· •••••••• I l2slc:i~c3h> 2j1 ••••• i •••••• l. ..... ·!····' 

'126 C2~ ·2111!•• •••• 1•••• •• ~.1 :11261CbhlC!,I :11 ••••• , •••••••••••• !•·•••' 

27 c 
1
~ , 1 1. • • : ••• I. ... I .... i 27 i c

6
h < 5. > 2 it. . . . . . . . . . . . 1. • • • • ••••• I 

, ' . I 1- I I l , I o i - i 

5 

! ~Bi C 6h 2 i 1. • • . • • • • • • • ! • • • • . • • • • • • i 
I • • • I I j 29 ! C

3
h ! 2 • 1 • • • • • • !_. • • • • • • • • • • ••••• • 

i3ol c~ I :11 ••••• 1 ••••••••••••••••• 1 
i_ I • i .,I - , i 
j11j 56 j -jl!·••• •••••• •••••• ••••••j 

j 32 ! · C 
6

~ ! 1 ! ! ... ·. . . . . . . . . . . . . . . .. -.. ! 
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Tab C 22 (cont-inued) · Tab C 22 (ci:111tinuad) 

D4h 
i• + 

No D4h No + + No I No r,o r.u r.o r,u I r,o r.u r.o r.u 
cl 12345 12345 12345 12345 cl 12345 12345 12345 12345 

4~ 02ric2~)/C2riCs) 13 1.1.. ..... ..... •••• 1 61 D ' 
2 9 1 .. 1, 1 .. 1. L, 1, 1 .. 1. 

42 o;ric2~>1c2rics> 1:~ 1 •• 1. ..... ..... I I I ■ !• 62 1)2' ((;2) 9 1 .. 1. 1 •• 1. • 11.. .11 •• 
43 C,,

1 
(C.) 

.. 1 ! 
12 1111. ..... I I I I~ ·••.•· 63 c2~ 9 1 .. 1. .11 .. 1 .. 1. ,11 .. 

44 02ric2;. l/G2rici > 13 1.1 .. ..... .... ! . .... 64 C • (C l 9 1,, 1. • 11 .. • 11 .. 1. •I • 2v 2 
45 02ric2h> 1c2rici> 13 1. .1. ..... .... ! ..... 65 C2h(C2) 9 1111. ..... ..... 1111. 
46 --c• --- 12 1111. .. ··~ ..... ..... 66 C2h 9 1111. ..... 1111. . .... s 
47 C 0 •1c• 13 1. 1,. .... ! ..... ..... 67 c• 9 1111, 1111. ..... ..... 2v s 2 
48 C "*/<:* 1:S 1 •• 1. .... ! ..... ..... 68 D4 8 1 .... 1 I I I I 1 I I I I 1 •••• 2v s 
49 --c~ --- 12 1111?. ..... ..... ..... 69 D4<C4> 8 1 .... 1 .... • 1 ••• .1 ... I 
5() c2;.•1c; 13 1. 1. ! ..... ..... ..... 70 D4 (D2) 8 1. ... 1 .... • d .. I I 1 I I 

51 c2h•1c; 13 1 .. 1! ..... ..... ..... 71 D4 (02) 8 1. ••• 1 .... ... 1. • ; • 1. 
52 c2 48 1111. 1111. 1111. 1111. 72 c4v 8 1, ••• • 1. •• 1 •••• .1 ... 
53 c4 9 11. .. 11. .. 11 ... 11 ... 73 c4v<C4> 8 1 .... • 1 ... .1 ... 1 .... 
54 C4<C2> '1 11. ... 11 ... •• 11. .. 11. 74 c4v <C2) 8 1 .... • 1 ... •• 1, • .. • 1. 
55 s4 9 11 ... • • 11. 11. .. .. 11. 75 c4v 1c2~> 8 1 .... • 1 ••• ••• 1. ..1.. 
56 S4(C2) 9 11 ... • ; 11. .;11. 11. •• 76 02d 8 1. ... .. 1 .. 1. ••• .. 1.. 
57 D2 9 1.1 .. 1.1 .. 1. 1 .. 1. 1 •• 77 D2d(S4) 8 1 .... .. 1.. .1 ... ••• 1. 
58 D2(C2) 'l 1.1.. I, 1. • • 1. 1. .1.1 • 78 D2d (1)2) (3 1. ••• • • 1 •• .• 1 .. 1. ••• 
59 c2v 9 I. I .. .1.1. 1. 1 .. • 1. 1. 79 D2d(C2~> 8 1. ••• .. 1. • ••• 1. • 1. .. 
60 C2~C2> 9 1.1., .1.1. • 1. 1, 1.1 •• 80 02:i 8 1. ••• ••• 1. 1 .... ... 1. 

T t C .,., (continuod) ,l I, ..... Tab C 22 (crmtinuPli) 
·~ + 

D4h 
·I + 

r~u I No D4h I No r,o r.u r.o r,u No I No r,o r.u r.o 
cl 12345 12345 12345 12345 cl 12345 12345 12345 12345 

81 02d<54> 8 1 .... •• ' 1. I 1 I I I •• 1 •• 101 c·• 
2v B 1 .. 1. .11.. ..... ..... 

82 [)2d<C2v 1 0 1 •••.• I I I 1 I •• 1 •• .1 ... 102 c• 
2h 

8 1111, ..... ..... ..... 
83 02ct rn2• > 8 1 I I I I ... 1. ... 1. 1 •••• 103 0 111 ([)~::1 1 2 1 .... ..... ..... .. ,!,. 

84 C4h (!34) 13 11. .. ..... ..... .. 11. 104 04h (()2d> 2 1 .... ..... --!--
85 C4h<C4> 8 11 ... ..... ..... 11 .. , 105 D4h<C4) 2 1 •••• ..... ..... • I. .. 

Tab, C, 17 

0/ No r • 
12345 

86 C4h(C2h 1 8 11 ... ...... .. 11. ..... 106 ll4h<D4) 2 1 .... ..... ..... 1 .... 
87 C4h 8 11 ... ..... 11 ... ..... 107 D4h ([)2h) 2 1. ••• ..... • •• 1. ..... 
BB s• 8 11 ... •• 11. ..... ..... 1(18 D 4h (()2h > 2 I. ... ..... •• I .. ..... 4 
89 c• 8 11 ... 11 ... ..... ..... 109 D4h(C4h) 2 1 •••• ..... • 1. .. ..... - 4 
90 02h 1c2v 

) B 1, 1 .. ..... ..... .1.1. 110 D4h '2 1 •••• ..... 1 I I I ■ ..... 
91 D2h (02) 8 1.1.. ..... ..... 1. 1,, 111 o•• 2 1 .... .. ,!, ..... ..... 2d 
92 D2h 1C2h> 8 1. 1 .. ..... • 1. 1, ..... 112 D2d 2 1 .... 

I -i ■ I ..... ..... 
93 o_2h 8 1, 1 .. ..... I, 1,. ..... 113 c• 2 1 •••• •!• .. ..... ..... 4v 
94 c• 0 1, 1 •• • 1, 1. ..... ..... 114 o• 2 1 ■ II ■ !• ... ..... ..... , 2v 4 
95 o• 8 1, I,. 1. 1 ~, ..... ..... 115 o•• 2 1.,1. ..... ..... ..... 2 2h 
96 02ti (02) 8 1.. 1. 

.' 1,. 1. 116 D2h 2 1. !•. ..... ..... ····· ..... ..... 
97 02t1 (C2~) 8 1,, 1, ..... ..... .11 ... 117 C4h 2 q_ ... ..... ..... ..... 

Cl 1 112~~ 

C2/CI 2 11211 

C2/CI 3 1.1g 

c3,c1 4 11.!1 

o21c1 5 I, I, 1 

C/Cl 6 1.1!, 

D3/Cl 7 1,. • ! ~~--- 8 11~., D2 

D/D2 
9 1. !• • 

-r 10 1!, .. 
0 11 !·•·. 

98 Q2ti B 1 .. 1. ..... 1,, 1, ..... 118 D4h 1 1 •••• ..... ..... ..... 
99 02h (C2h1 8 1 •• 1, ..... , 11,. ..... 

C cCz1C'=Cx1C"=Cv1C' ="x/mx,c "=2xv/mxv 
100 o·• 8 1" 1. i .. 1, ..... ..... 2 2 2 2 2 2 2h ~ '2h 2 

- ... 



.... 
0 

.... .... 

T.lb. C,23 

No Dbh I No ·► + r.Q r.u r.Q r.u 
cl 123456 123456 123456 123456 

I c, 51 111122 111122 111122 111122 

2 C~/C1 52 I, I, II I. I, II I, I, 11 1, I, 11 

3 c2cc
1

11c
1 

52 I, I. II 1.1.11 • 1, 11 I • I, 111 

4 C~/C1 52 1. 1, 11 .1. 111 1. 1. 11 • 1,111 

5 C~(C 1llC
1 

52 I, I, 11 ,I.Ill .1. 11 I 1, I, 11 

6 c21c
1 

~j2 1 .. 111 1 .. 111 1 .. 111 I .. 111 

7 c2cc 1 >,1c 1 
52 1.. 111 1 .. 111 .11. II ,II.II 

8 c;11:1 52 1 .. 111 • 11. 11 1 .. 111 • 11, 11 

9 C" CC )/C 
s 1 1 52 I.. 111 .11.11 .11. 11 1. • 111 

1(1 C 2 18 11 •• ,2 11 •• ,2 11 .. 2 11 ... 2 

11 D.,IC., 19 1 .... 1 1 .... 1 I, ... 1 1 .... 1 .... 
12 D2<C2)/C2 19 1, ... 1 1, ... 1 • 1 ... 1 • 1 ... 1 

13 C2/C2 19 1 .... 1 • 1 ... 1 1 .... 1 • 1 ... 1 

14 C2JC2>/C2 19 1 .... 1 , 1 .. , 1 ■ 1 I I ■ 1 1 ..... t 
' 15 C2(C1 l 1B 11.. ,2 11, ■ I 2 I, 112, •• 112. 

16 D2(C2(/C2CC1l 19 1 .... 1 I .... 1 .. 1.1. .. 1.1. 

17 o2 cc2 >1c
2

cc
1

1 19 I. .. • I 1 .... I ... 11. ... 11. 

18 C2JC~)lc2 cc1> 19 1 .... 1 .1 ... I • • 1, I. .. , 11 • 

19 c2sc;11c2<c,> 19 1 .... 1 •I. .. I · ... 11. .. I, I, 

20 C s 18 11 ■ I ■ 2 .. 112. 11 ••• 2 •• 112. 

21 C' /C 
2v s 

19 1. ... 1 .. 1.1. 1 .... 1 .. 1. I, 

22 C2JCs)/Cs 19° 1 .... 1 .. 1. I, • I ... I ... 11. 

23 C" /C 2v s 19 I .... I ... 11. 1 .... 1 ... 11, 

... 
~Jo Dbh IMO 

+ r~·u I r:·Q I r.Q 
c:l 1231156 1234561123456 

o.,Ac., 11c.,Ac.,> 111 ...... 1 ...... 47 1. ... 1 
~ "- 11..V "- ""' I 

48 c2h <C
5

> 16 11 ••• 2 ...... ...... 
119 021\C2) /C2t\C2> 17 I. ... 1 ...... ...... 
50 ()2AC2) /C2AC2> 17 1 .... 1 ...... ..... , 
51 C2h 16 11 ••• 2 ...... 11. .. ~ 

52 D2h/C2h 17 1 .... l ...... 1 .... 1 

53 D2~C2hl/C2h 17 1 •••• l ...... • 1 ... _1_ 

54 C2h(Cil 16 11 ••• 2 ...... .. 11~. 

55 02~c2h> 1c2Aci> 17 1 .... 1 ...... .. I.!, 

56 02Ac2h 11c2Aci > 17 1 .... 1 ...... ••• 11. 

57 ·--c; ·-- 16 11 ... 2 11 •• , ~ ...... 
58 o• 

2 1c2 17 1, I I I 1 1 •••• ! ...... 
59 c• 

2v 1c
2 17 l .... l • 1 .. ·l ...... 

60 c• 
s 16 11 I I I 2 .. 1q. ...... 

61 c•• ;c• 
2v s 17 1 .... 1 I I 1 I!• ...... 

62 c11• ;c• 17 1 .... 1 •• • 1 !• ...... 2v s 
63 ·--c~ 16 111122 ...... ...... 
64 c2~ /C~ 

1 
17 1, 1.11 ...... ...... 

65 c"• 
2h 

/C~ 
1 

17 1 •• q1 ...... ...... 
66 --c;h·-.- 10 11 ... ~ ...... ...... 
67 D2h /C2h 11 1 .... ! ...... ..... ~ 
6B c3 48 1111 •• 1111 •• 1111 :. 

69 c6 9 11 .... 11 .... 11 .... 

Tab. 1:. 23 (continued) -
Dbh 

·► + No I No r.Q r.u r.Q r.u 
cl 123456 123456 123456 123456 

24 C"CC )/C 
2v s s 19 1 .... 1 ... 11. • I .. , I .. I, I. 

25 C s(Cll 18 11 ••• 2 •• 112 • • • 112. 11 ... 2 

26 c2sc2> /C
5 

cc1 l 
19 1 .... 1 .. 1.1. .. 1.1 • 1 .... 1 

27 C' CC")/C CC ) 
2v s s 1 19 1 .... 1 .• 1. 1, ... 11. • 1 ... I 

28 C" (C') /C (C l 
2v s s 1 

19 1 .... 1 ... 11. .. 1.1 • • I ... I 

29 C2JC2)/Cs(Cl) 19 I, .. , 1 ... 11. • •• 11. 1 .... I 

3(1 --c0c;--, -- 18 111122 ...... ...... 111122 

:31 c;Ac:2 > /Ci <c1 1 19 1. I, 11 ...... ...... 1.1.11 

32 c2Ac~>ICi cc~> 19 1.1.11 ...... ...... • 1. 111 

33 c2Ac2> /Ci <c, > 19 1 .. I 11 ...... ...... 1 .. 111 

34 C"CC"l/C.CC l 2ti s 1 1 19 1..111 ...... ...... .11.11 

35 C. 18 
1 

111122 ...... 111122 ...... 
36 C2h/Ci 19 I. 1, 11 ...... 1.1.11 ...... 
37 c;Aci11ci l'l I, I, 11 ...... .1.111 ...... 
38 C2h 1Ci 19 1.. 111 ...... 1 .. 111 ...... 
39 c2Aci>/ci 19 1 .. 111 ······ .11. 11 ...... 
4(1 --c; --- 1B 111122 111122 ...... ...... 
41 c•• 

. 2 1c; 19 1.1.11 1, I. 11 ...... ...... 
42 c·• 

s 1c; 19 1. 1. 11 • I. 111 ...... ...... 
43 cu* 

2 1c; 19 1 .. 111 I .. 111 ...... ...... 
44 en* 1c• 

s 1 19 1 .. 111 .11. 11 ...... ...... 
45 c2Ac2> 16 11 ... 2 ...... ...... 11. .. ~ 

46 02A0211c2AC2) 17 1 .... 1 ...... ...... 1 .... 1 

Tab. C.23 (u,ntinued) 

D~h + .I + r.u Mo I Mo r.Q r.u r.q r.u ,l 
123456 c:l 123456 123456 123456 123456 

11. ••. 111. ••• l..11. • I 
• 1. .. 1 70 C6(C3) 9 .. 11 .. , 

I 
.. 11~. 71 C3h 9 11. ... 1 .. 11., 11 .... .. 11.. I 
.. I.;. 72 C31\C:~> 9 11. ..... 11.. .. 11.. 11 .... I 
... q. n 03 '? I, I ... I. 1. .. 1.1. .. 1. 1. .. 

:::::: I 
711 D3<C3> 9 1.1. .. 1. 1 .... • 1.1 .. • 1, 1 .. 

75 c3v 9 1. 1 ... • 1.1 .. 1.1. .. • 1.1 •• 

...... 71;, C3JC3> 9 1.1 ... • 1.1. • • 1. I.. 1.1 ... 
; ...... 77 D' 3 9 1 .. 1 •• 1 .. 1 .. 1. .1 .. 1 .. 1 .. 

...... 7B D3<C3> 9 1 .. 1 .. I.. 1 .. • 11. .. .11 ... 

...... 79 c3v 9 1 .. 1 .. • 11.. 1 .. I • .11 ... 

. ..... 80 C3JC3> 9 1 •• 1. • 11.. .11. • 1 .. 1 .. 

...... 81 C3fC3> 9 1111. ..... ..... 1111,. 

...... 82 c3i 9 1111. •··••· 1111. ...... 

...... 83 . c; 9 1111, 1111. ..... , ...... 

...... 84 D6 8 1. ... 1 I I I I 1, I I I 1 ..... 

...... B5 D6 CC6> B 1 •••• 1 •••• .1 ... I 1 I I I I 

...... 86 D6 <D3> 8 11 I I I 1 •••• •• 1 •• •• 1 ••• 

...... 87 D6 (03) 8 1 I I I I 1 I I I I .. • 1. • •• 1 •• 

...... BB c,,v 8 1 .... • 1. •• 1 .... • 1 .... 
' ' ...... 89 c6sc6) 8 1 I I I I' • 1 .. • • 1, •• 1 ..... 

...... 90 C6SC3v' 8 I. ... • 1,· •• I I 1 I I • .. 1 .. 

1111 •• 91 C6JC3) 8 1 •••• I 1 I I I ... 1. ..1 ... I 
11 .... 92 D3d 8 1 .... • • I.. I. ... .. 1 ... ! 
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~ - - - - - - - - - - - - - - - -1-'----'---------------------------------------J 
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Tab. C.24 Tclb. C.24 (continued) 

Nol r• I No + + No r• I No + + r.o r.u r.u r.u r.o r.u . r.u h 
cl 1234 1234 1:?3➔ 1234 

h cl 1234 1234 1234 
1 Cl 53 1113 1113 1113 1113 20 C". /C. 26 1 •• 1 .... 1 •• 1 

->l 1 

2 C2(C1liC1 55 1111 1111 .•• 2 .•• 2 21 D2~C2h)/Ci 27 111 • ..... ···! 
3 Cs/Cl 55 111i •• • 2 1111 ••• 2 22 -c•- .-,'"!'" 1113 1113 .... 1 

,.., 

4 Cs(Cll/Cl. 55 1111 ••• 2 ••• 2 1111 .,~ c• ;c• 25 1111 ••• 2 .... '" s 1 
5 C2/C1 511 1111 1111 1111 1111 24 c; 1c;: 24 1111 1111 .... 
6 c3;G1 56 1 •• 1 1 •• 1 1 •• 1 1 •• 1 25 c; 1c;: 26 1 •• 1 1 •• :1 .... 
7 D2 <C2 llC

1 57 111. 111. • •• 1 ••• 1 26 c· ;c• 
2v 1 27 111. ••• 1 .... 

8 C2/C1 57 111. • •• 1 111. • •• 1 27 ----c~ - 20 1113 
1 -

9 C2SC2> 1C1 57 111. • •• 1 ••• 1 111. 2B c;h1c; 21 1111 .... .... 
10 C2SCsl/Cl 58 111. ••• 1 ••• 1 ••• 1 29 c.:./c~ 22 1 •• i .... .... 

..,;l , 1 

{m 2'm'} 30 D2 )( y z 7 111. 111. 111. 

11 C2SCs)/Cl 58 111. • •• 1 ... t ••• 1 31 D2h (02) 5 111 • .... . ... 
{m m'2'} 32 D2h " 5 111. . ... 111. 

X Y Z --
12 Ci <Cl l 23 1113 .... . ... 1i13 33 o• 

2 5 111. 111 • .... 
13 c2~Cs) /Ci (Cl) 25 1111 .... . ... • •• 2 34 n;h 3 111. . ... .... 
14 C2~C2l /Ci <Cl l 24 1111 .... .... 1111 35 T 8 1 ••• 1. •• 1. •• 

15 C3fC3l/Ci (Cl) 26 ( • • 1 .... . ... . 1 •• 1 36 Th (Tl 2 1 ••• . ... .... 
16 D2~c2i1ci (Cl) 27 111 • .... . ... • •• 1 37 Th 2 1 ••. .... 1 ••• 

17 C. 23 1113 .... 1113 .... 38 r• 2 1 •.• 1. •• . ... 
1 - -

18 C2h<Cil/Ci 25 1111 .... ••• :2 .... - 39 r• 
h 1 1 ••• .... . ... 

19 . c2h/Ci 24 1111 .... 1111 .... 

The crystallographic symmetry is o;d, the transitions are 

equitranslational and it is su-f-ficient to consider only the point 

groups.Paramagnetic phase has a o3 d >: & = o;d symmetry.The ordered 

phases are characterized with the -following groups and· representa-

tions taken -from Tab. A.14 and C. 14 

* No28:D3 dtD3 d <C2,C1>2 
H' + - * 

DG = rlg+rlg AZ 

.. 
No 7:D3 d;c2 htc1 <D6, C2l 6 

H' + + - - * 
oG = r1g+r3g+r1g+r3g : F>:AyAz 

• No B:D3 d;c2 ~Cil/Ci (D6,C2)6 
H' + + - - * 

DG = rlg+r3g+r2g+r3g : AxFyFz 

... 
No 61D3 d/Ci '<06,Cl >2 

H' + + + - ._ - * ~ ~ 
DG = r1g+r2g+2r3g+r1g+r2g+r3g c , 

13 

r.u 
1234 .... 
.... 
. ... 
. ... 
.... 
.... 
.... 

. ... 

.... 
111. 

111. 

. ... 

.... 

.... 
1 ••• 

1 ••• 

. ... 

.... 

. ... 



.... 
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hb, C,25 -Tab. C,25 <continued) 

o• + + -
No o• I No I No r,Q r.u r,Q . r.u No h 

cl 12345 12345 12345 12345 h 
cl• 

1 ct 59 11233 11233 11233 11233 24 C' (C' l/C 
2v s 1 67 

2 c2,c1 60 11211 11211 11211 11211 25 C" /C 2v 1 b7 

3 c
2

<C
1
ltC

1 61 11211 11211 .. . 22 .. • 22 26 C" <C l/C 2v s 1 67 

4 C/C1 at 11211 •• ~22 11211 •. • 22 27 C"<C'l/C 2v 2 1 b7 

5 C
5

<C
1
ltC 1 61 11211 • •• 22 • .• 22 11211 28 C"<C'l/C 2V·S 1 67 

6 c
2
;c

1 62 1,112 1, 112 1, 112 1.112 29 D3/C1 . 69 

7 C2<C 1ltC
1 

62 1. 112 1. 112 , 1121 .1121 3(1 D3 <Ci /Cl 69 

B C' /C s 1 62 1, 112 , 1121 1. 112 • 1121 31 C3/C1 69 

9 C~<C 1ltC 1 
62 1,112 • 1121 ,1121 1,112 32 C3SC3l/CI 69 

10 c3,c1 o3 11, 11 11. 11 11, 11 11. 11 3:s D4<C4l/C1 70 

11 D2<C2l/C1 65 112 •• 112,. , ·., 11 ... 11 34 o4 rn2llc1 
7(1 

12 C2/C1 65 112 .. .. • 11 112 .. ... 11 35 . 02~54l/C1 70 

13 C2SC2> 1c1 o5 112,; ... 11 ... 11 112 •• 36 D..,~c; l /C 1 70 .... v 
14 C2SCsl/C1 68 1121 I ••• 1.1 ~·,. 11 ... 11 37 C4/C1 7(1 

15 , C4/C1 b4 1.11. 1.11. 1.11.. 1. 11. 38 C4$C2vl/C1 70 

lo C4<C2l/C1 64 1. 11, 1.11. , 11. 1 , 11. 1 39 C4$C4l/C1 70 

17 sic1 b4 1, 11. • 11. 1 1. 11, , 11. 1 40 C4$C2vl/C1 7(1 

18 S4(C2l/C1 o4 1.11. , 11. 1 , 11. 1 1. 11. 41 D2/C1 70 

19 D2/C1 66 1. 1. 1 1, 1, 1 1. 1. 1 1, 1. 1 42 o;~c.., 11c1 70 ,. .. v 
20 o2 <c

2
11c

1 
66 1. 1. 1 1.1.1 , 111. .111. 43 02~54l/C1 70 

21 o2 <c211c1 b7 1. 1. 1 1, 1, 1 ... 11 ... 11 44 D2~D2)/C1 70 

22 C2/C1 66 1. 1. 1 • 111. 1. 1, 1 , 111. 45 Ci (Cl l 35 

23 C2,~C2l /Cl 66 1, 1. 1 .111. , 111. 1. 1, 1 46 C2h (C2l /Ci (Cl l 3b 

Tab, C,25 (continued) 1.il>, C,25 (contirn1P1I) 

No o• I No + + 
No o• -~ r,Q r.u r,o r.u I No r,Q h 

cl 12345 12345 12345 12345 h 12345 

47 C2h(Csl/Ci (Ct) 37 11211 ..... ..... .. -3~ 70 D2h/Ci 42 1. 1. 1 

48 C2h (C2l /Ci (Ct l 38 1,112 ..... ..... 1,11~ 71 D2fiC2hl/Ci 42 1, 1, 1 

49 c2h (C~l /Ci <c1 l 
38 1. 112 ..... ..... .1q1 72 D2fiC2t/ /Ci 43 1, 1, 1 

50 So<C3l/Ci (Cll 39 11. 11 ..... ..... 11.11 73 D3d/Ci 44 1 ... 1 

51 02fiC2) /Ci (Cl l 41 112 •• ..... ..... .. , 11 74 D3d(Sol/Ci 44 1 ••• 1 

52 C4h (C4) /Ci (Cl l 40 1, 11, ..... ..... 1. 11. 75 D4fiC4hl/Ci 45 1. 1 •• 

53 C4h(S4l/Ci (C1l 40 1. 11. ..... ..... .11. 1 76 D4fiD2h)/Ci 45 1. 1,, 

54 D2h <D2l /Ci (Ct l 42 1, 1, l ..... ..... 1. 1. 1 77 --Ci- 35 11233 

55 D:zfic:Zv) /Ci (Cl) 42 1, 1, 1 ..... ..... , 111, 78 c;1ci 36 11211 

56 02fic2v 1 /Ci <c1 > 43 1, 1, 1 ..... ..... , .. !! 79 c•;c• 
s 1 37 11211 

57 D3d (03) /Ci (Cl) 44 1.,. 1 ..... ..... 1 .. ,! BO c2•1ci 38 1. 112 

58 D3~C3) /Ci (Cl l 44 1 ... 1 ..... ..... .1._!• 81 c••;c• 
s 1 38 1,112 

59 D4fic4v)/Ci (Cl) 45 1.1 •• ..... ..... ·••!• 82 c31ci 39 11. 11 

bO D4fiD2dl/Ci (Cl) 45 1, 1,, ..... ..... ····! 83 c• ;c• 
2v 1 41 112 .. 

bl C. 
1 

35 11233 ····· 11233 ..... 84 C4/Ci 40 1.11. 

62 c2h1c1 36 11211 ..... 11211 ..... 85 S4/Ci 40 1. 11, 

o3 C2h(Cil/Ci 37 11211 ····· •• • 22 ..... 86 o2•1ci 42 1, 1. 1 

64 C2h/Ci 38 1. 112 ..... 1,11~ ..... 87 c••;c• 
2v 1 42 1. 1. 1 

65 c 211 <Cil/Ci 38 1. 112 ..... • 11~1 ..... BB c"•1c• 
2v 1 43 1. 1, 1 

66 S6/Ci 39 11, 11 ..... 11. 11 ..... 89 o31ci 44 1.,, 1 
,· 

67 D2~C2hl/Ci 41 112., ..... ... 11 ..... 90 C •;c• 
3v 1 

44 1 ... 1 

68 c4h,ci 40 1. 11, ..... 1.11. ..... 91 c• ;c• 
4v 1 45 1, 1., 

69 c4fic2h11ci 40 1. 11, ..... , 11. 1 ..... 92 02d1c1 45 1, t,, 

·I· + ('.,Q r.u r,Q r.u 
12345 12345 12345 12345 

1. 1. 1 • 111, , •• · 11 , •• 11 

1. 1, 1 .. , 11 1, 1, 1 .. , 11 

1. 1. 1 .. ,.11 .111. ... 11 

1, 1, 1 ·,,. 11 ... 11 1. 1, 1 

1. 1, 1 .. , 11 ... 11 .111 • 

1.,. 1 1 ... 1 1 ••• 1 1.,. 1 

1.,, 1 11 I I 1 t 1 I 1 I I 1 t 1 I 

I,,, 1 • 1, 1, 1 ... 1 • 1. 1 • 

1, •• 1 • 1. 1. • 1. 1, 1 ••• 1 

1, 1;, 1. 1 •• .•• 1. ••• 1 • 

1, 1 •• 1, 1 .. t I I I 1 •••• 1 

1, 1 .. • 11 .. ... 1 • .. .. 1 

1, 1 .. I 11 I I .... 1 ••• 1, 

1, 1 .. • • • 1; 1, 1 .. ... I. 

1.1 .. .. • 1, , 11 .. .... 1 

1. 1,, ... 1. .. • 1. 1. 1. • 

1.1 .. .. • 1, .... 1 .11 .. 

1. 1.. .... 1 1, 1. • .... 1 

1, 1 •• .... 1 , 11,, I I I 1 I 

1.1 .. .... 1 • • • 1, .11. • 

1, 1 .. ..... 1 .... 1 1. 1 .. 

11233 ..... ···•• . 112~~ 

11211 ..... ..... 11211 

+ r.u r.o r.u. 
12345 12345 12345 

..... 1. 1. 1 . .... 

. .... • l 11. ..... 

. .... .. ,!! ..... 

. .... 1 .. ,! ..... 

. .... • 1. !• ..... 
····· .• •!• ..... 
..... .... ! ..... 
112~~ ..... ..... 
11211 . .... ..... 
... ~~ . .... ..... 
1. 11~ ..... ..... 
.1q1 ..... ..... 
11. 11 ..... ..... 
... 11 . .... ..... 
1. 11. ..... ..... 
, 11, 1 . .... ..... 
1. 1. 1 ..... ..... 
.111. . .... ..... 
.. ,!! . .... ..... 
1 ••• ! ..... ..... 
• 1, 1. ..... ..... 
·•·!• ..... ..... 
... ·! ..... ..... 



Tab •. C.:?5 <1:rmtimmdl Tub, C.'..!:5 (1:nnl:inumd) 

o• + i· 
No o• I 

.• i· i 
No I No r.Q r.u r.Q r.u No r.Q r.u r.Q r.u 

h 
cl 12345 12345 12345 12345 h 

cl 12345 12345 12345 12345 

93 c~ 
1 

28 112~~ ..... ..... ..... 116 T 9 11. •• 11 ••• 11 ••• 11 ••• 

94 s::;h/Ci 29 11211 1#111 ..... ..... 117 0 8 1 •••• 1 •••• 1 •.• ' 1 •••. 

95 c2h1ci 30 1, 1!~ ..... ..... ..... 118 om 8 1. ••• 1 •••• • 1 ••• • 1 ••• 

96 s61c; 31 11._1,1 ..... ..... ...... 119 Td 8 1 •.••• • 1 ••• 1 ••• ·• • 1 ••• 

97 _c;h/Ci 32 1.11 • ..... ..... ..... 120 Td(T> 8 1. ••• • 1 ••• . r..·. 1 •••• 

9fl o2h1r;; 33 1.1. ! ····· ..... ..... 121 r• (Tl 8 ft'. •• ..... ..... 11 ••• 

99 o;/ci 34 1. •• 1 ••'••· ..... ..... 122 \ 8 11 ••• ····· 11 ••• ..... 
100 D2 1ll 1 i2;. 112 •• 112 •• I 12 •• 1·,-,._._) T* 8 11.·•·. 11 ••• ······ ..... 
101 0lD2 19 1. 1 •• 1, 1 •• 1.1.. 1. 1 •• 124 Oh<T/ 2 1 ■ I I I ..... ..... . ~- .. 

°' 
102 D4 <D2> /D2 19 1. I •• 1, 1, • • 11 .. ,11 .. 125 0h(O) 2 1 •••• ..... ..... ! ■■ I I 

103 D2/D2 l'I 1, I,. .11 •• 1, 1 .. • 11 .. 126 Oh <Th> 2 1 ■ I It ..... • !• .. ..... 
' 104 D2JD2l/D2 19 1.1 .. • 11 .. • 11_ •• I. 1,. 127 Oh 2 1., .. ..... !• ... ..... 

105 D2h (02) 16 i 12 •• ..... ..... 11~ •• 128 T* 
d 

2 1. ••• I! ■ I I ..... ..... 
106 04h <D~) ll>2JD2> 17 1.1 •• ...... ..... 1.!·• 129 o· 'Z I •••• ! ■ II I ..... ..... 
107 D4JD2dl/D2JD2> 17 1, 1, ,' ..... ..... . I!-. 130 T* 

h 
2 11. •• ..... ..... ..... 

108 D2h 16 112 •• ..... 1q •• ..... 131 o• 
h 

1 I. ... ..... ..... ..... 
109 · D4h/D2h 17 1, I. • ..... 1. !· • ..... 
110 D4~D2hl/D2h 17 I .1 •• ..... , 11 ... ..... 
111 ·--.-- 16 11.2 •• 1 l!l• • I o., ..... ..... ... . I I 112 D~ 10; 117 1. 1,; 1-!• • ..... ..... 

I j 113 , D~d /D~ j 17 I. 1 •• • 11 •• ..... 
I I 114 ~o;h·-""--110 11~ •• ..... ..... ..... I 

1115 i>411 /D;h ! 11 1, !· . ····· ..... ..... I 



In fhe three-terms symbol at the first and at· the second 

positions are the symmetry groups of the two phases, while 

Core H' = Ker ra separates the active symmetry breaking irrep from 

the permutational representa~ion for each of the.cases. The symbol 

of the magnetic structure is shown on the right side, through the 

vectors ~=~ 1+i\+~3+~4, a=~1-~2-~3 +~4 • The components of t' and a 
transform according to the respective active representation, i.e. 

t~ey play the role.of order parameter. 
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Ko~eB H.H., UoHeB C,C. 
IlepecTaHOBOtJHbie MarHHTHbie TOtJetJHble rpynnbl 

H HX nPHMeHeHHe B TeopHH !pa30Bb!X 

nepeXOAOB flaHAaY 

TpaH3HTHBHble nepecTaHODOtJHbie npeACTaBneHHfl 

El?-90-389 

BbIBeAeHbl H Ta6ynHpOBaHbl BCe TpaH3HTHBHble nepecTaHOBOtJ

Hble npeACTaBneHHfl MarHHTHbIX TOtJetJHbIX rpynn /HHAY~HPO.BaH

Hble H3 TPHBHanbHOro npeACTaBneHHH HX noArpynn/. Pe3ynbTa~ 

Tb! npHMeHHIOTCfl B CHMMeTpHHHOM aHanH3e MarHHTHblX cpa3OBblX 

nepeXOAOB H npH BblBOAe nepecTaHOBOlJHbIX MarHHTHbIX TOtJeq

HbIX rpynn. 

Pa6oTa BbinOnHeHa B fla6opaTOPHH TeopeTHtJeCKOH !pH3HKH 

OIDlH •. 

Coo6uteHHe 061,eJlHHeHHOrO HHCTHT}'Ta RAepHhIX HCCJieJlOBaHltii. ,lly6Ha 1990 

Kotzev J.N., Tzonev S.S. 
Permutational Magnetic Point Groups and 
Their Application in the Landau Theory 
of Phase Transitions 
Transitive Permutational Representations 

El?-90-389 

All transitive permutational representations for the 
magnetic point groups have been constructed. Their appli
cation in the symmetry analysis of magnetic phase. tran
sitions is discussed. 

The investigation has been perfor~ed at the Laboratory 
of Theoretical Physics, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1990 


