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Abstract: The concept of ferroic species, prototypic and ferroic point groups, and evaluation of faintness
indices for all the zero wave number vibrational modes whose oversoftening causes ferroelectricity (or)
ferroelasticity are given by Aizu ™. Aizu has dealt with non-magnetic properties only. This paper determines
the species and evaluates the indices of faintness for magneto-electric polarizability by considering grey group
as prototypic point group. The basic faintness index of a magneto-electric polarizability is the smallest of the
faintness indices with respect to the individual components of the magneto-electric polarizability tensors. The
faintness indices range from 1 to 6 P!, whether it is = 1 (or) > 1 defines whether the magneto-electric
polarizability is normal (or) faint.
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I.  Introduction:

The difference between the ordinary point groups and the grey point groups is that in the former the
antisymmetry operation R, is not present at all, whereas in the latter it is an operation of the group and has the
effect of doubling the order of the point group. Since R, commutes with all the elements of the point group G,
the grey groups are therefore direct product groups of G and 1* (1' is a group consisting of identity and time
inversion operation R,) which is designated as G1'. Magneto-electric polarizability is the production of
magnetic moment | on the application of an electric field E in a direction normal to it™. The relation between E
and | is given by I; = A Ej. where E is a polar vector and its components are (x, y, z). | is an axial vector and
its components are (x!,y*,z%). Ajj is the magneto-electric polarizability tensor (or) a second rank tensor which
transforms according to the representation formed by the product of the representations of polar and axial
vectors®  which can be  expressed as a  matrix in the  form of  either

xx'oxyt xz' Ay Ay i
yx' oyt vzt (on) | Ay A, Ay
oyt 1 Ay A s

The character for magneto-electric polarizability is given by Bhagavantham and Pantulu (1964) is x' (R) =
(A+2cos@)(2cos¢+1). In this equation +ve sign (or) —ve sign is to be taken accordingly as symmetry

operation R is a pure rotation (or) a rotation-reflection. When the prototypic point group is a grey group, the
ferroic species are associated to the corresponding irreducible representations of the grey groups and their
corresponding components with faintness indices are tabulated. As an example the grey group 4mmi! is
illustrated.

Example:
Irreducible representations for the grey group 4mm1' are A%, A)Y, B,%, B,! and E. Consider the
irreducible representation A, its corresponding ferroic species is 4mm1'F 4m'm*. The components which are

invariant for this species are(XX1 + yy1 /12, Zzl) . For this species the value of n; against that representation to

which the species is associated is 2. These 2 components appear directly. Hence the index of faintness for this
species is normal i.e. 1. For the 2-dimensional representation E, its corresponding ferroic species are
4mm1'F2', 4mm1'F1. The 4 components for the species 4mm1'F2' appear directly. Hence the index of
faintness for this species is 1. For the species 4mm1'F1, it has 9 components. Out of 9 components 4
components appear directly and their index of faintness is 1. The remaining 5 components does not appear
directly. They appear for the symmetrized cube of the property. Hence their index of faintness for these 5
components is 3 and these are listed in table 1.
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Table 1:

Grey Irreducible Ferroic Tensor componentsand indices of faint-
Group | representations species ness for magneto-electric polarizability
4mm1! Agl 4mm1!IF4mm (gl) 1

1 1 ™y
Agl 4mm1!'F4m!m! [xx _:}} zz! 1
Bi! i=1.2) | 4mm1! F4lmm! ot aat) 1
E 4mm1! F2! (le vzl zxt, zyl) 1
4mm1!F1 (xz'. 2.z 2") 1
(ot ot ot z2t) 8

Similarly the components and the indices of faintness for magneto-electric polarizability are evaluated

for all 32 grey groups and the results are tabulated in table 2.

Table 2:
Grey Irreducible Ferroic Tensor components and indices of faint-
Group |representations species ness for magneto-electric polarizability
112 Al 11'F1
_] -t N 5
B! 1°F1 [_xx]=1:1']:xz]: wow'yd otz 11
211 Al 211F2 B L - I |
B! 211F21 (x2,02" 2t ') 1
ml! Al m1Fm (xz',32' 2z . n') 1
Al m1'Fm! (xx' ot 2t ) 1
2/ml! Al 2/ml'F 2/m
B.! 2/m1IF 2/m!
Al 2/m1'F 2/m! (xx' ot 2t ) 1
B, 2/m1'F 2Y/m (xz',32' 2z . n') 1
22211 Al 22211F222 (xx' .22 ) 1
Bl (i=123) | 2221'F21212 [t ') 1
mm21? Ayl mm?21! Fmm? (x',x') 1
Ayl mm?21Fm!m!2 (xx', ' ,27') 1
Bl(i=12) | mm2I'Fmm!2! xz'.zx') 1
mmm]! Agl mmm 1 !Fmmm
B! (1=1.23)| mmml'Fm'm'm
Al mmm1'Fmlm!m! | (xx'.0'.27') 1
B! (i=123)| mmml'Fmm!'m (n'. ') 1
411 Al 41'F4 (xx', ' ,27') 1
B! 411F4 (') 1
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41'F2 (' ' =’ ') 1

4

41'Fi n',a) 1

'Fd |z, 2" ) 1

f'F (' ' = ') 1

4/ml’

4/ml'Fdm

4/ml'F4*/'m

4/ml‘F}'/m*

4/m]'F4/m’ ER R

4/ml'F4* 'm’ :g;:: ' | 1

4ml'F1''m |xr' v o' ') 1

4111°

4121°F412 ' | 1

221'F42° 2 :l,:_.': l whers | ‘.-'___: = _‘_.'__.; 11

4221'F4'2'2 EIN O T

221'F2 (' o)

4121'F1 (' o) 1

B IR SR

| ;

4mml’

4mm]‘F4mm o' ) 1

4mm]‘Fdm'm* = |1

B (i

4mml* F4'mm’ (n' :} 1

dmml*F2* [yt 1

4mm]*Fl (' 32 = ') 1

2mf

{2mI'Film ' | where (Ay =-4,) 1

imlFidm' (@1 g

12ml'F1 m (e +3 ) 1
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I2ml*FE 2'm

E* 2ml Fx* (xz' ez, =x'. =z ) 4
42ml'F1 {x=' e’ =x'. " ) 2
=N T T EYLE o B |
4immam] At 4/mrmm ]l 'F 4 /oy —
Sag” 4/'mmml*F4/m'm'm ----
B  (i=12) 4/mmm 1 'F 4 Ym 't ----
E;" 4/mmm 1 'F 2 5mt o
- P oams M
ALt 4 'mmm ]l 'F4/m i m m* | = _i__,__.. = 1
Aot 4/mmm ]l 'F 4/'m o { 2" ) where (A =—dA=) 1
B, :-'!:,= 1‘.;;] 4 /'mmml "F4 5 mimim xpt ) o1
E." 4/mmml "F2 /m (=" 2" . ="' ) 2
" 1L ™
a1t Al 31'F3 | == otzz' | a
E' 31'F1 { 2z
e
31" At IF3
E.* I Fi1 ——
1 " 1L ™
At IIFS | = == a' .=z 1
E." 31'F1 { =’ e’ T ::' 1
(ot 2) 3
f;‘_—,l-: -4 ™
321" Wi IZL*F3I2 | _"'J"J == 1
At ITLF3I2* { x" - where (A, =—Z4-) 1
E* 3Z1'F1 (' xz" e .t ) 4
aow | =

3ml*

AT

Iml*Fim
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= At Fml' Fom

Aot Fm ' F S’

St EFmIF3 m'

Sat FmIF3 m

E." SEmMTFL =

a1L" At 51 "FS

BT 61 F6" —

et 61L'Fxt | ==

E
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B At BI'FB S

E.* B Frm

L | == o’ > =t )
: " 2ot 4 o 7
P ol Fes | 2““ x == | A

E."* Bl Fm' = e ::' a

Grmal® At ml'F S/m ----

=]
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=
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x=
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: 221'F2 (ot 302) 1
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.~ :—'I'I ™
P S/ mmml "Fam'm'm*t | = —— . == 1
Mot &/ mmmm 1 FS'm  mm X where (4, =—4,2071
Be.' dd=123] Smmml " F& /rmom'm —
Era' Smrmm 1t F2m [ x=' oz | =, 2w 1
Ea.® S/'mmml "Flim® = b |
{20 ==") 3
- . -
231" At 231'F23 | = B 1
B ZIL'F2 TR T 1
= == =
T* 231 'F1 | =" et =xt W' == 1
:J-_ e ) 3
m3Il* At m3IL Fm3® —
E." m3IL " Flim —
T.* m3I1*F1 —
- T R
At m3IL " Fm'3 | = ""; = i
E." m31*F2/m* e ::l a
= . .=z ) 2
T." m3ILF I | e’ e’ _and e’ =t oot ) 4
[ L3 == E]
' LR —_
4321° ALt 4321 F432 | == == = 1
At 4321 F4' 32" -
E* 431 "F2 b
="} 3
T:* {(i=1_2) 4321 "F1 and et =xt mw 1
ot e == =
AT T At AZ3MI'FEd35m —
1 i 1 1 17
3 3 XX = Vv ZZ
Agl 43m1'F4 3m' M 1
II 3 .
E! 43m1'F2 (xpp'ax") 1
(o', . 2z') 3
- ¥ K 1 J— | .1 1 | 1 17
Tit(a=1.2) 43m1'F1 [xz a2’ zx 2y zz | 1
[xx'. 20, px) 3
m3ml’ Agsl m3mllFm3m __
At m3mi1lFm3im! —_—
E:! m3mllF2'm —
Tl (i=12) | m3mllF 1 ——
.-’ 1 ™
Xx° =1 +ZzZ7
Ayt m3ImliFm!Im?! | ""3 | 1
Aoy? m3m1!Fm!3m —
E,! m3mllF2'm?! (', 0x*) 1
[xx', ", 22") 3
Tix! (1=1,2) | m3m1'F 1 (2 xzt yztzxt.zt.z )1
r .1 el 2
[ x| 3

Il.  Conclusions:
The faintness indices of a degenerate set of soft vibrational modes for ferroelectricity and ferroelasticity
are evaluated by Aizu. In this present paper magneto-electric polarizability property is considered. The ferroic
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species are associated to their corresponding irreducible representations for all 32 grey groups. The faintness
indices for the magneto-electric polarizability components of corresponding ferroic species are obtained.
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