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Tensors of material physics are characterized by their intrinsic symmetry and by par-
ities with respect to the space inversion i, magnetic inversion ¢’ and combined inversion
/. If a suitable system of irreducible representations is chosen, then the decomposition
of tensors into tensorial covariants for tensors of the same intrinsic symmetry but differ-
ent parities can be easily deduced for all magnetic groups of a given oriented Laue class
from the decomposition of a tensor with positive parities into covariants of the group of
proper rotations which generates this oriented Laue class. The relations between ten-
sor decompositions are called Opechowski’s magic relations in homage of late professor
Opechowski. Their history and derivation of respective rules are given in a recent paper
by Kopsky (2006), where tables of these relations are given for oriented Laue classes Cj,
D3, Cy, and Dy. In this deposition are given tables of Opechowski’s magic relations for

all oriented Laue classes including noncrystallographic and infinite magnetic point groups.
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Laue class ()

Group of proper rotations C; — 1
Ireps Transformation
associated properties

with inversions

of nontrivial scalars

/ -/

Class  Group 7 e 1 € T ET
Gy 1 X1 X1 X1 Xy X1 X1
Centrosymmetric point group C; — 1
and its isomorphic nonparamagnetic group
C; 3 X©ioox o | ox X x|
Ci(C1) 1 Xxioxioox | oxaox x|

Noncentrosymmetric paramagnetic group
isomorphic with centrosymmetric group C; — 1

Ci 1/ X1e X1im X1im Xle X1im X1m
Centrosymmetric paramagnetic group C! — 1.1
Ci LY Xte Xim  Xim | Xte  Xlm  Xim




Laue class (5

Magnetic point groups, isomorphic with
proper rotation group C5 — 2,

Ireps Transformation
associated properties
with inversions of nontrivial scalars
Class Group ) e i € T ET
Csy 2, X1 X1 X1 X1 X1 X1
Co(Cr) 2] X1 X3 X3 X1 X3 X3
C m; X3 X1 X3 X3 X1 X3
Cs(Ch)  m X3 X3 X1 X3 X3 X1

Nonparamagnetic point groups
centrosymmetric group Cy, — 2,/m,

isomorphic with

O2h 22/mz
Con(Cy) 2. /m,
CQh(CQ) QZ/m;
Con(Ci)  22/m,

Y CUD I Y
XTI X3 X3
XTI oxiXd
Xi Xz X3

X1 X7 X1
X1 X3 X3
X1 X1 Xy
X1 X3 X3

Noncentrosymmetric paramagnetic groups
isomorphic with centrosymmetric group Cy, — 2./m,

Cy
¢y

2.1’
m,.1’

X1e
X2e

X1m
X1m

X1m
X2m

Xle X1m

Xom

Xim

X2e X1m

Centrosymmetric paramagnetic group C%, — 2./m..1’

- 2,/m,.1

Xie Xim  Xim

— + —
Xie X1im X1m




Laue class D,

Magnetic point groups, isomorphic with
proper rotation group D, — 2,2,2,

Ireps Transformation
associated properties

with inversions of nontrivial scalars
Class Group i e 7 € T ET
D2 222y2z X1 X1 X1 X1 X1 X1
Dy(Cyz) QQ;%QZ X1 X2 X2 X1 X2 X2
Dy(Cor)  2,2,2] X1 X3 X3 X1 X3 X3
DZ(CQy) 2;:21/2/2 X1 X4 X4 X1 X4 X4
Csz mxmyzz X2 X1 X2 X2 X1 X2
Coz(Caz)  mymy 2, X2 X2 X1 X2 X2 X1
CQ’UZ(CSZ‘) mxm;2; X2 X3 X4 X2 X3 X4
CQUZ(Csy) m;my2lz X2 X4 X3 X2 X4 X3
Cova 2:mym, X3 X1 X3 X3 X1 X3
C0(Cs2) Q;m;mz X3 X2 X4 X3 X2 X4
Coa(Coz)  2:mip,m. || X3 X3 X1 X3 X3 X1
szc(Csy) %mymlz X3 X4 X2 X3 X4 X9
Cva m:v2ymz X4 X1 X4 X4 X1 X4
Cva<Csz) m/a;%mz X4 X2 X3 X4 X2 X3
Couy(Csz) My 2y M, X4 X3 X2 X4 X3 X2
Cowy(Coy) mp2,m, | xa X4 X1 | X X4 X1




Laue class D; - (cont.)

Nonparamagnetic point groups
isomorphic with centrosymetric group Dy, — m,m,m,

Ireps Transformation
associated properties

with inversions of nontrivial scalars
Class Group i e 7 € T ET
D2h mxmymz X1 XT Xl_ Xl_ Xii_ Xl_
Doy (Copz)  mlymim. Xi Xo X2 | X X5 Xa
Dop(Copa)  mgmym’ || X7 X3 X3 | X1 X5 X3
Don(Cony) mimym, | x1 x4&  xa | xx xf Xy
Don(Do) — mymym’ || xi xi x| o oxt Xt
Dop(Couz) mamyml | X1 Xz X3 | X1 X X3
D2h(02va:) m;mymz Xl_ X?T X;y_ Xl_ X?T Xg_
D2h(02vy) mzmlymz Xl_ XI le_ Xl_ XZ le_

Noncentrosymmetric paramagnetic groups
isomorphic with centrosymetric group Dy, — m,m,m,

Dé 21 2y2z-1/ X1e X1m X1im Xle X1im X1im
évz mmmsz‘ ]-/ X2e X1m X2m X2e X1im Xom
évx 2$mym2' s X3e X1im X3m X3e X1m X3m
évy mx2ymz- ]-/ X4e X1m X4am X4e X1m Xam

: : ; ;
Centrosymmetric paramagnetic group D), — m,m,m..1

/ ! - + -
2h mxmymZ'l Xle X1im X1im Xle Xim le




Laue class ()}

Magnetic point groups, isomorphic with
proper rotation group C; — 4,

Ireps
associated
with inversions

Transformation
properties
of nontrivial scalars

/ -/

Class Group 1 e 7 € T ET
Cy 4, X1 X1 X1 X1 X1 X1
04(02) 4lz X1 X3 X3 X1 X3 X3
Sy Ez X3 X1 X3 X3 X1 X3
54(02) 4, X3 X3 X1 X3 X3 X1

isomorphic with centrosymmetric

Nonparamagnetic point groups

group Cy, — 4,/m,

Cap

C4h(02h> 4/2/mz X1 XzJ),r X3
Cyn(Cy) 1
Cyn(Sy)

4, /m, X1 Xioxt

4, /m, X1 X1 X1
4 fm/, X1 X3 X3

X7 i X1
Xy s X3
X1 X7 Xy
X1 X3 x;f

isomorphic with centrosymmetric

Noncentrosymmetric paramagnetic groups

group Cy, — 4./m,

Cy
Si

éz-ll X1e X1m X1m
42-1/ X2e X1m X2m

Xle X1m X1m
X2e X1m Xom

Centrosymmetric paramagnetic group C, — 4./m..1’

/
C4h

4z/mz-1/ Xfe Xfm Xfm

— + —_
Xie Xim X1m




Laue class D,

Magnetic point groups, isomorphic with
proper rotation group D, — 4.2,2,,

Ireps Transformation
associated properties

with inversions of nontrivial scalars
Class Group i e 7 € T ET
D4 4z2x2xy X1 X1 X1 X1 X1 X1
Dy(Cy) 4z2;2lxy X1 X2 X2 X1 X2 X2
Dy(Dy) 42,2, X1 X3 X3 X1 X3 X3
Dy(Dy) 4,202, X1 X4 X4 X1 X4 X4
Cly 4zmzmxy X2 X1 X2 X2 X1 X2
Cw(Cy)  dmemy, | X2 X2 xa X2 X2 X1
Ci(Cav)  Amamiy, | X2 Xs X4 X2 X3 X4
Cip(Cay) 4 mimay, || X2 X4 X3 X2 X4 X3
Dyq 4.2,mgy || X3 X1 X3 X3 X1 X3
Daq(Ss)  42mp, | X3 Xe X4 X3 X2 X4
Dzd(122) Z;me;:y X3 X3 X1 X3 X3 X1
Dog(Coy) A20may | X3 X4 X2 X3 X4 X2
/P:Qd 4,my2,, X4 X1 X4 X4 X X4
Q2d(54) szfp%y X4 X2 X3 X4 X2 X3
D1a(Cay) Z/me%y X4 X3 X2 X4 X3 Xo
Dsq(Ds) Z/zm/zQJ:y X4 X4 X1 X4 X4 X1




Laue class D, - (cont.)

Nonparamagnetic point groups
isomorphic with centrosymetric group Dy, — 4,/m.m;my,

[reps
associated

Transformation
properties

of nontrivial scalars

with inversions

Class Group i e i T ET
D4h 4z/mzmmm:(3y X1 Xﬁ Xl_ Xi Xl_
Dy, (C. 4, /m,m,m! n 2 n X Xy
DaiDw) Emmn | N 4 u | w4 A
Dy, (D. 4" Im.,m’ m, T T n T N X5
D4h EDQI;) 4Z§m’ mf m/ ’ v Xi T xLi xilF

v 2/ TN, T My X X
DuiDy) Afmimim | X o | A o6 K
Dyn(Daa) 4. /mimgmy, Xi  Xa X4 _ Xy o

isomorphic with centr

Noncentrosym

metric paramagnetic groups
osymetric group Dy, — 4,/m,m;my,

/
D4
!
4uv
/
2d
FaY
2d

4,2,2,,.1'
4, My Mgy 1
4,2, my,.1

4,my2,,.1

Xie Xim  Xim
X2  Xim  X2m
X3e X1m X3m
Xde  Xim  X4m

Xle X1im X1m
X2e X1im Xom
X3e X1m X3m
Xge X1im Xam

Centrosymmetric paramagnetic group D}, — 4,/m,m;my,.1’

/
4h

4, /mmymyg,. 1’

Xie Xim  Xim

+ —

e Xim X1m




Laue class (4

Group of proper rotations C3 — 3,

Ireps
associated
with inversions

Transformation
properties
of nontrivial scalars

/ -/

Class Group 7 e 7 € T ET
Cs 3. X1 X1 X1 X1 X1 X1
Centrosymmetric point group Cs; — 3.
and its isomorphic nonparamagnetic group
Csi 3. xiooxd x| o X x|
C3i(C3) 3, Xxiooxiooxi | oxaox x|

Noncentrosymmetric paramagnetic group
isomorphic with centrosymmetric group Cs; — 3,

/ /
Cg 321 X1e X1m X1m X1e X1m X1m
Centrosymmetric paramagnetic group Cj, — 3,.1'
/ 9 1/ — + - - + =
3i 3.1 Xie  Xim  Xim Xle Xim X1im




Laue class D;

Magnetic point groups, isomorphic with
proper rotation group D;, — 3.2,

Ireps Transformation
associated properties
with inversions of nontrivial scalars
Class Group i e i € T ET
DSx 32250 X1 X1 X1 X1 X1 X1
D3, (Cs) 3.2, X1 X2 X2 Xy X2 X9
Csu 3.my X2 X1 X2 X2 X1 X2
C3v:v(03) 3zm; X2 X2 X1 X2 X2 X1
Nonparamagnetic point groups
isomorphic with centrosymmetric group Dsg, — 3,m,
D3 me |lxi X x| o ox X
D34.(C3;) izm’m Xi X3 Xa Xy X3 X
DSdJ:(DSJ:) §/m; Xl_ Xl_ XT Xl_ Xl_ Xi—
D3dx (CSUJ:) Szmx Xl_ XQ_ X; Xl_ X2_ X;
Noncentrosymmetric paramagnetic groups

isomorphic with centrosymmetric group Dsg, — 3.m,
Dégj 3221-1/ X1e X1m X1m Xie X1m X1m
Czl'wx 3zmx . 1/ X2e X1m X2m X2e X1m Xom
Centrosymmetric paramagnetic group D}, — 3.m,.1’
I,de gszﬂ A Xfe X1+m Xfm Xfe X1+m Xfm

10




Laue class Cy

Magnetic point groups, isomorphic with
proper rotation group Cy — 6,

Ireps Transformation
associated properties

with inversions of nontrivial scalars

Class Group ) e s € T ET
Cs 6. X1 X1 X1 X1 X1 X1
Cs(C3) 6] X1 X3 X3 X X3 X3
Cap Ez X3 X1 X3 X3 X1 X3
C3n(C3) 6, X3 X3 X1 X3 X3 X1

Nonparamagnetic point groups
isomorphic with centrosymmetric group Cg, — 6,/m,
Con 6./m. | xi xi x| ox X x|
Con(Ci)  6L/m. | xi x5 X3 | x1 X X3
Con(Ce)  6:/m. | xi X1 x{ | x X X/
Con(Csn) 6. /m. X1 Xz X3 | X1 X3 X5
Noncentrosymmetric paramagnetic groups

isomorphic with centrosymmetric group Cg, — 6,/m,
Cé gz-ll Xle X1im X1im Xie Xim Xim
:lgh 62-1/ X2e X1m X2m X2e X1m Xom

Centrosymmetric paramagnetic group Cf, — 6,/m,.1’

. 6,/m..1

Xie

+
X1im

X1im

— + —_
Xie Xim X1m

11




Laue class Dy

Magnetic point groups, isomorphic with
proper rotation group Dy — 6.2,2,

Ireps Transformation
associated properties

with inversions of nontrivial scalars
Class Group 7 e i € T ET
Dg 6.2,2, X1 X1 X1 X1 X1 X1
Dg(Cs) 6.2;2, X1 Xz X2 X X2 X2
Ds(Dsy) 6;2:;:2; X1 X3 X3 X1 X3 X3
Dg(Ds3,) 6,2,,2, X1 X4 X4 X1 X4 X4
Cov 6.mgm,, X2 X1 X2 X2 X1 X
Cov(Cs) G.mmy, | X2 X2 X1 X2 X2 X
Cou(Caoz)  6Lmamy | X2 X3 X4 X2 X3 X4
Cov (Csvy) 6lzm;my X2 X4 X3 X2 X4 X3
Dspe 6.2,m, X3 X1 X3 X3 Xy X3
D3y (C3p) 622;771; X3 X2 X4 X3 X2 X4
Dipo(Dsy)  6,2,m, X3 X3 X1 X3 X3 X1
D3 (Csyy G;QZEmy X3 X4 X2 X3 X4 X9
D3y, 6,m,2, X4 X1 X4 X4 X1 X4
D3hy(03h) sz;% X4 X2 X3 X4 X2 X3
D3hy<03vx é;mz% X4 X3 X2 X4 X3 X2
D3hy(D3y) @mfﬂy X4 X4 X1 X4 X4 X1

12




Laue class Dg - (cont.)

Nonparamagnetic point groups

isomorphic with centrosymetric group D¢, — 6,/m,m;m,

[reps
associated

Transformation

properties

of nontrivial scalars

with inversions

Class Group i e 7 € T ET
Dﬁh 6z/mzmxmy Xl_ Xf Xl_ X1 Xi‘r Xl_
Den(Con) — 6:/mmimy, | xi X3 X2 | X1 X3 Xy
Den(Dsaz)  6./mzmomy, | X1 X3 Xz | x1 X X3
Dgi, (D 6" /m,m’m " T n X; Xy Xy
DﬁhEDSC)ly) 6Z§m’ mfm;y - ou Xi x£ xzi xilF
D6h(c6) 62/ 2Ty X1_ X1_ X}r 1 1 i

v L/mim,m X X X
Don(Da) S/mimimy | X0 v | 0 6
Der(D 6 / / - - + - - +
on(Dsny) Z/mzmv’l?my X1 X4 X4 X1 X4 X4

isomorphic with centrosymetric group

Noncentrosym

metric paramagnetic groups
D6h — 6z/mzmxmy

/
DG

!

6v

/

3hx

/

3hy

6.2.2,.1/

6,mymy. 1’
6,2,my.1'
6,m;2,.1'

Xle X1m
X2e X1im
X3e X1m
Xde X1im

X1m
X2m
X3m
X4am

Xie

X2
X3
X4

e

€

€

Xim X1m
X1im Xom
X1m X3m
X1im Xam

Centrosymmetric paramagnetic group Dy,

/

— 6,/m,mym,.1’

/
Dﬁh

6./m.mym,.1’

Xie Xim

X1im

X1,

€

+

X1im X1m

13




Laue class T

Group of proper rotations 7" — 23

Ireps Transformation
associated properties
with inversions of nontrivial scalars
Class  Group 1 e i € T ET
T 23 X1 X1 X1 X1 X1 X1

Centrosymmetric point group 7, — m3
and its isomorphic nonparamagnetic group

Lo om3 xi oxiox | ox X
T(T) m'3 | xi x1i  xi | xx x x|

Noncentrosymmetric paramagnetic group
isomorphic with centrosymmetric group 7;, — m3

T 231/ X1e X1m X1m X1le Xim X1m

Centrosymmetric paramagnetic group 7;, — m3.1'

/ Q 1/ - + - - + -
Th m3.1 X1e X1im X1m Xle Xim X1m

14




Laue class O

Magnetic point groups, isomorphic with
proper rotation group O — 432

Ireps
associated
with inversions

Transformation
properties
of nontrivial scalars

/ -/

Class Group 7 e 7 € T ET
O 432 X1 X1 X1 X1 X1 X
O(T) 4/32, X1 X2 X2 X1 X2 X2
Ty %/3771 X2 X1 X2 X2 X1 X2
Ty(T)  43m/ X2 X2 X1 Xo Xo X1
Nonparamagnetic point groups

isomorphic with centrosymmetric group O, — m3m

Oy, m3m
Oh (Th) mgm’
On(0)  m'3'm!
Oh (Td> m’glm

XioxXi X1
Xi X3 Xz
Xi ox1 o x{

XT X2 X3

X1 X Xy
X1 X3 Xy
X1 X1 i
X1 Xy X

Noncentrosymmetric paramagnetic groups
isomorphic with centrosymmetric group O, — m3m

o’ 432.1
T 43m.1’

X1e X1m
X2e X1m

X1m
X2m

Xle X1im
X2e X1im

X1m
Xom

Centrosymmetric paramagnetic

group O; — m3m.l’

Oy, m3m.1’

Xie Xim  Xim

Xle Xim

+ —
X1m

15




Noncrystallographic finite groups

Laue class C,; n =2k + 1 (odd)

Group of proper rotations C,, — n,

Ireps Transformation
associated properties
with inversions of nontrivial scalars
Class Group || ¢ e s € T ET
Ch 1y X1 X1 X1 X1 X1 X1
Centrosymmetric point group C,; — n.
and its isomorphic nonparamagnetic group
Chi n, X1 X1 X1 X1 X1 X1
=7 - - + - - +
Cri(Cn) T, X1 X1 X1 X1 X1 X1

isomorphic with centrosymme

Noncentrosymmetric paramagnetic group

tric group C,; — 7,

/ /
Cn nz~1 X1e X1m X1m X1e X1m X1m
Centrosymmetric paramagnetic group C/, — 7.1’
! = 1/ — + - - + -
Cni nZl Xle X1im X1m Xie Xim Xim

16




Laue class D,; n =2k + 1 (odd)

Magnetic point groups, isomorphic with
proper rotation group D,, — n.2,

Ireps Transformation
associated properties

with inversions of nontrivial scalars
Class Group i e i € T ET
an nz230 X1 X1 X1 X1 X1 X1
an(Cn) nz% X1 X2 X2 X1 X2 X2
Chvz My X2 X1 X2 X2 X1 X2
Onva:<cn) nzm; X2 X2 X1 %) X9 X1

Nonparamagnetic point groups
isomorphic with centrosymmetric group D,q, — n.m,

Dnda: N My Xl_ XT Xl_ Xl_ XT Xl_
Dpar(Dyz)  W'my | X1 x1 oxi | oxoxg x|
Dnar(Cpoz) Tz | X1 X2 X3 | X1 X X3

Noncentrosymmetric paramagnetic groups
isomorphic with centrosymmetric group D,4, — n.m,

/ /
an nZZ.’El X1e X1m X1m X1e X1m X1m
! /
Cm;gg nzmxl X2e X1im X2m X2¢ Xim Xom
Centrosymmetric paramagnetic group D!, — n,m,.1'
/ = / - + - - + =
ndx nzmﬂvl X1e X1im X1im X1e X1m Xim

17




Laue class C,; n = 4k (even-even)

Magnetic point groups, isomorphic with
proper rotation group C,, — n,

Ireps Transformation
associated properties

with inversions of nontrivial scalars

Class Group i e i € T ET
Ch N, X1 X1 X1 X1 X1 X1
Cn(C2) n X1 X3 X3 X1 X3 X3
Sn n, X3 X1 X3 X3 X1 X3
Sp(Cxz) n, X3 X3 X1 X3 X3 X1

Nonparamagnetic point groups
isomorphic with centrosymmetric group C,;, — n,/m,
Cn n/m. | xi ox{oxi | o X X
Con(Cun) nl/m. | X1 xi x5 | X1 Xg X3
Con(Cn)  mz/m | X7 X1 x@ | x X x|
Con(Sn) — mi/mi | X1 x5 X§ | x1 X3 Xy
Noncentrosymmetric paramagnetic groups

isomorphic with centrosymmetric group C,;, — n,/m,
C;L nz‘]-/ X1e X1m X1m X1e X1m X1m
Sy, n,.1' X2e  Xim  X2m X2¢ X1m X2m
Centrosymmetric paramagnetic group C/, — n./m..l’
1/1h nz/mzll Xl_e Xfm Xl_m Xl_e X—l‘_m Xl_m

18




Laue class D,; n = 4k (even-even)

Magnetic point groups, isomorphic with
proper rotation group D, — n.2,2,,

Ireps Transformation
associated properties

with inversions of nontrivial scalars
Class Group i e 7 € T ET
Dn nz2x2xy X1 X1 X1 X1 X1 X1
Dn(Cy) nz2;2;:y X1 X2 X2 X1 X2 X2
Dn(Dy)  n2.2, X1 X3 X3 Xq X3 X3
D,(D=)  n2,2,, X1oXx4 x4 | X X4 Xy
Cnv nzmlxmfy X2 X1 X2 X2 X1 X2
C’rw(cn) nfmxmfy X2 X2 X1 X2 X9 X1
Cnv(q%v) nzmxmzy X2 X3 X4 X2 X3 X4
Cnv(cgv) n;m/xma:y X2 X4 X3 X2 X4 X3
Dzq 225 Myy X3 X1 X3 X3 X1 X3
Dx4(Sy) iz?;m%y X3 X2 X4 | X3 X2 X4
D%d(?%) nzzfmzy X3 X3 X1 X3 X3 X1
Dng(Cry) W20may | X3 X4 X2 X3 X4 X2
Dy M2Ma2zy | X4 X1 X4 X4 X1 X4
P\gd(sn) memi2, | X4 Xo X3 X4 X2 X3
/D\%d(g\%v) ﬁlzmz%y X4 X3 X2 X4 X3 X2
Dng(Dz)  7,mi2. | Xa X4 X1 X4 X4 X1

19




Laue class D,, - (cont.)

Nonparamagnetic point groups
isomorphic with centrosymetric group D,;, — n,/m.m;my,

Ireps Transformation
associated properties

with inversions of nontrivial scalars
Class Group i e i € T ET
Dnh nz/mzmmm:(;y Xl_ Xf Xl_ Xl_ Xi‘r Xl_
Dun(Con) - mafmaemimy, || xi X3 X2 | X X Xy
Dun(Dzr) nl/mememi, | Xi X3 xs | xaxX X3
Dupn(Dzp) 0 /mamimy, X1 Xi Xxi | X Xy Xy
Dun(Dn) — mefmimimi, | xy xi X | oxi x| x|
Dpn(Cro)  nz/mimemay, | X§ X2 Xa | XG X X3
Dun(Dga) nl/mimime, || xi X5 x| < X X3
Dan(Dga) nlifmimemi, | X1 xa Xi | x10Xg x|

Noncentrosymmetric paramagnetic groups
isomorphic with centrosymetric group D,;, — n,/m.,m,mg,

124241/
MMy Mgy 1
0,2, Mgy. 1

MMy 25y 1

Xle X1m X1m
X2e X1m X2m
X3e X1m X3m
X4e X1m X4m

X1
X2
X3

X4

e X1m X1m
e X1im Xom
e X1im X3m
e X1m X4m

Centrosymmetric paramagnetic group D

7
nh

/
— N/ MMy Mgy 1

/
nh

/
N /MMy Mgy 1

Xie Xim Xim

X,

+ —
e Xim X1m

20




Laue class C,; n = 4k + 2 (even-odd)

Magnetic point groups, isomorphic with
proper rotation group C,, — n,

Ireps Transformation
associated properties
with inversions of nontrivial scalars
Class Group i e i € T ET
Ch N, X1 X1 X1 X1 X1 X1
/
Cn(Cﬂ) n, X1 X3 X3 X1 X3 X3
Czp, N X3 X1 X3 X3 S| X3
—/
Ogh((]ﬂ) n, X3 X3 X1 X3 X3 X1
Nonparamagnetic point groups
isomorphic with centrosymmetric group C,;, — n.,/m,
Chn n./m. X1 X}r X1 X1 Xgr X1
/ / - — - —
Cnh(cgi) n/m’, X1 X3 X3 X1 X3 X3
/ — - + - - +
Con(Cn) — nz/m, X1 X1 X}r X1 X1 X}r
; - - - -
Cnh(C%h) n./m., X1 X3 X3 X1 X3 X3
Noncentrosymmetric paramagnetic groups
isomorphic with centrosymmetric group C,;, — n,/m,
/ !/
C, n..1 Xle Xim  Xim | Xie X1m X1m,
/ — !/
%h nz]- X2e X1m X2m X2e X1m Xom
Centrosymmetric paramagnetic group C/, — 7m,/m,.1’
/ - / - + - - + -
nh nZ/mZ'l X1e X1im X1im Xie Xim Xim

21




Laue class D,; n = 4k + 2 (even-odd)

Magnetic point groups, isomorphic with
proper rotation group D, — n.2,2,

Ireps Transformation
associated properties

with inversions of nontrivial scalars
Class Group i e i € T ET
Dn nz2x2y X1 X1 X1 X1 X1 X1
Dy (Cy) nz%% X1 X2 X2 X1 X2 X2
Dyp(Dz) n.2,2, X1 X3 X3 X1 X3 X3
Dn(D%y) n;2;2y X1 X4 X4 X1 X4 X4
Cnv MMMy 1My, X2 X1 X2 X2 X1 X2
Cro(Ch) nampmyg, || X2 X2 X1 X2 X2 X1
Onv(ogw) nmymy, X2 X3 X4 X2 X3 X4
Cnv(Cgvy) ”;m;my X2 X4 X3 X2 X4 X3
Dapy T,2,my X3 X1 X3 X3 X1 X3
Dapg(Czn)  M:2umy, X3 X2 X4 X3 X2 X4
Dupe(Dyy)  W2,my, X3 X3 X1 X3 X3 X1
D%hx(cgvy) ﬁ;2;:my X3 X4 X2 X3 X4 X2
Dy M2y X4 X1 X4 X4 X1 X4
Dapy(Cupn)  Mamg2, X4 X2 X3 X4 X2 X3
Dghy(c%x) ﬁlzme;J X4 X3 X2 X4 X3 X2
Dapy(Dzy)  Tmy2, || xa X4 X1 | X4 X4 X1
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Laue class D,, - (cont.)

Nonparamagnetic point groups
isomorphic with centrosymetric group D, — n,/m.m,m,

Ireps Transformation
associated properties

with inversions of nontrivial scalars
Class Group i e i € T ET
Dnh nz/mzmxmy Xl_ Xf Xl_ Xl_ Xi‘r Xl_
Dup(Cop) — na/memimy, | xi X3 X2 | xi X3 Xg
Dup(Dzgy) nl/mememy, | X1 X3 Xs | X1 X3 X3
Dun(Dyay) - niz/mamiymy || x7 Xi  oxa | oxoxi Xy
Dup(Dy)  me/mimimy, | X1 X3 oxi | ox X x|
Dnh(Cnv) nz/mlzmxmy XI X; X; X; X; X;r
Dup(Dypz) nijmimim, | X1 Xz X | X1 X X3
Dup(Dypy) ni/mimemy, | X1 Xxa  xi | x1 Xp x{

Noncentrosymmetric paramagnetic groups
isomorphic with centrosymetric group D, — n,/m.m,m,

D;L nz2:c2y-1, Xle X1im X1m Xle X1m X1im
C7lw TNy MMy 1 X2e X1im X2m X2e X1im Xom
%hx ﬁ22%777’,7/'1/ X3e X1im X3m X3e Xim X3m
/%hy ﬁzmxzyll X4e X1im X4m Xge X1m Xgm

Centrosymmetric paramagnetic group D, — n,/m,m;m,.1’

/ / - + - - -
nh nz/mzmmmy'l X1e Xim X1im X1e Xim X1m
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Laue class [ - icosahedral groups

Group of proper rotations I — 235

Ireps Transformation
associated properties
with inversions of nontrivial scalars
Class Group i e 7 € T ET
I 235 X1 X1 X1 Xy X1 X1
Centrosymmetric point group 7, — m3
and its isomorphic nonparamagnetic group
I m35 xi oxioxa | o o x
L) m35 | xi xi x| xxox x|

Noncentrosymmetric paramagnetic group
isomorphic with centrosymmetric group I, — m35

r 235.1

X1e X1m X1m

X1e X1m Xim

Centrosymmetric paramagnetic group I;, — m35.1'

Xie Xim  Xim

— + —
X1e Xim X1m
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Infinite groups

Laue class C

Group of proper rotations C,, — oo,

Ireps Transformation
associated properties
with inversions of nontrivial scalars
Class Group i e i € T ET
Coo (&, 8P X1 X1 X1 X1 X1 X

Centrosymmetric point group C.; — oo, /m,
and its isomorphic nonparamagnetic group

Coon 00, /m, Xioxiooxa | X xi X7
Coon(Cs) 00, /m, Xiox1i x| Xt Xy Xi

Noncentrosymmetric paramagnetic group
isomorphic with centrosymmetric group Cy; — c0,/m,

! /
Coo Ooz-l X1e X1m X1m X1e X1m X1m

Centrosymmetric paramagnetic group C’_, — oco,/m,.1’

/ ’ — + — — + -
ooh ooz/mz.l X1e X1im X1im X1e Xim X1im
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Laue class D

Magnetic point groups, isomorphic with
proper rotation group D, — 00,22

Ireps Transformation
associated properties

with inversions of nontrivial scalars
Class Group 1 e i € T ET
Dy 00,22 X1 X1 X1 X1 X1 X1
Doo(coo) Ooz2,2, X1 X2 X2 X1 X2 X2
Coov oo mm X2 X1 X2 X2 X1 X2
Coov(Coo) oo m'm/ X2 X2 X1 X2 X2 X1

Nonparamagnetic point groups
isomorphic with centrosymmetric group D, — oo,/m,mm

Dooh 00, /m.mm XX x| X Xy X1
Dooh(Coon)  00z/mm'm/ | X7 x§ X2 | xi X5 Xo
Dooh(Doo)  ooz/mim'm/ | xv  xi xi | x Xy X
Dooh(coov) oo/z/m/zmm X1 X2 X;— Xy Xy X;

Noncentrosymmetric paramagnetic groups
isomorphic with centrosymmetric group D, — 00,/m.,mm

/ /

Doo Ooz221 X1e X1m X1m Xle Xim X1m
! /

Coov OOme.l X2e X1m X2m X2e X1m Xom

/

Centrosymmetric paramagnetic group D/,

— 00, /m,mm.1’

/ ! — + — — + —
Dooh OOZ/?nZTTwn'1 Xie X1im X1im Xie X1im X1m
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Laue class SO(3)

Group of proper rotations SO(3) — 200

Ireps Transformation
associated properties
with inversions of nontrivial scalars
Class Group ) e i € T ET
80(3) 200 X1 X1 X1 X1 X1 X1
Centrosymmetric point group O(3) — 2/m.cc
and its isomorphic nonparamagnetic group
0(3) 2/mss | i X x| o ox x|
OB)ISOB)] 2/m'ss | xi xi x| X X
Noncentrosymmetric paramagnetic group

isomorphic with centrosymmetric gr

oup O(3) —2/m.>

SO'(3) 200.1'

X1e X1m X1m

Xle Xim X1m

Centrosymmetric paramagnetic group O'(3) — 2/m.cc.l’

O'(3) 2/m.c.1’

Xte Xim Xim

— + —_
Xie X1im Xim
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